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 Preface 

The third edition of Diagnostic Medical Sonography: Obstetrics and Gynecology is a  major 
revision. Educators and colleagues encouraged us to produce a third edition to incor-
porate the new advances used to image, to refresh the foundational content, and to 
continue to provide information that recognizes readers have diverse backgrounds and 
experiences. The result is a textbook that can be used as either an introduction to the 
profession or as a reference for the profession. The content lays the foundation for a bet-
ter understanding of anatomy, physiology, pathophysiology, and complementary imaging 
expanding the sonographer practitioner, sonographer, sonologist, or student when caring 
for the patient.

The fi rst chapter “Principles of Scanning Technique in Obstetric and   Gynecologic 
 Ultrasound” contains information on patient care and the process of beginning the 
 imaging exam. Technology in the form of the picture archiving and communication 
 systems (PACS) and interconnected computer systems within a clinic or hospital have 
revolutionized our profession. 

The remainder of the textbook arrangement groups the gynecologic and obstetric 
chapters together. Throughout the chapters, we have tried to incorporate instrumentation 
and complementary imaging modalities when appropriate. This allows for integration of 
sonographic physics as well as other imaging modality fi ndings that sonographers often 
follow.

We made every attempt to produce an up-to-date and factual textbook, at the same 
time presenting the material in an interesting and enjoyable format to capture the read-
er’s attention. To do this, we provided detailed descriptions of anatomy, physiology, 
pathology, and the normal and abnormal sonographic representation of these anatomical 
and pathologic entities with illustrations, summary tables, and images, many of which 
include valuable case study information.

Our goal is to present as complete a text as possible, and recognizing that by 
 tomorrow, the textbook must be supplemented by current journal readings. With every 
technological advance made in equipment, the sonographer’s imagination must stretch 
to create new applications. With the comprehensive foundation available in this text, 
the sonographer can meet that challenge.

Susan Raatz Stephenson MAEd, 
RDMS (OB)(AB)(BR), RVT, RT(R)(C), CIIP
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 GLOSSARY 

 Adnexa Area around an organ 

  Aortocaval compression syndrome (supine hypo-
tensive syndrome) Compression of the aorta and 
inferior vena cava (IVC) by the gravid uterus resulting 
in symptoms of nausea, hypotension, lightheadedness, 
and syncope 

Ascites Fluid within the abdominal or pelvic cavity 

 Bioeffects Biophysical results of the interaction of 
sound waves and tissue 

 Ectopic pregnancy Pregnancy outside of the uterus 

 Electronic medical record (EMR) Electronic database 
containing all the patient information 

 Endocavity Inside a cavity such as the abdomen or 
pelvis 

 Fundus Top portion of the uterus 

 Hospital information system (HIS) Paper-based or 
computerized system designed to manage hospital data, 
such as billing and patient records 

 Lithotomy position Position of the patient with the 
feet in stirrups often used during delivery 

 Modality worklist (MWL) Electronic list of patients 
entered into a modality, such as ultrasound,which helps 
reduce data entry errors 

 Nongravid Nonpregnant 

 Perivascular Around the vessels 

 Picture archiving and communication system 
(PACS) Database that stores radiologic images 

 Placenta previa Condition where the placenta implanta-
tion is low in the uterus and will deliver before the fetus 

 Radiology information system (RIS) Physical or elec-
tronic system designed to manage radiology data, such 
as billing, reports, and images 

 Scanning protocol List of images required for a com-
plete examination 

 Transabdominal Imaging through the abdomen 

 Transducer footprint Area of the transducer that 
comes in contact with the patient and emits ultrasound 

 Transvaginal/endovaginal Within the vagina 

 Vasa previa Condition where the umbilical cord becomes 
trapped between the presenting fetal part and the cervix 

 OBJECTIVES 

 Describe preparation of the patient for an obstetric or gynecologic sonogram 

 Identify the appropriate transducer for an examination 

 Explain ultrasound safety and the basic premise of as low as reasonably possible (ALARA) 

 Discuss the safety of 2D, 3D, and Doppler imaging 

 List the certifi cation options available to a practicing sonographer 

 Explain the need for laboratory accreditation 

 PART 1 • GYNECOLOGIC SONOGRAPHY 

  1  Principles of Scanning Technique 
in Obstetric and Gynecologic 
Ultrasound 
 Susan Raatz Stephenson 

 KEY TERMS 

 patient preparation  |  transabdominal  |  endovaginal  |  exam protocol  |  ALARA  |  
certifi cation  |  registry 
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 The goal of any sonographic examination is to produce 
a diagnostic study through the use of proper technique 
and patient preparation. Optimization of the examina-
tion reduces costs, adheres to the ALARA 1  principle of 
 reducing exposure to ultrasound energy, and decreases 
patient discomfort. A protocol-driven approach help 
ensure complete imaging of the pelvic organs or fetus. 
This systematic  imaging includes two-dimensional (2D) 
real-time, spectral, color or power Doppler, and increas-
ingly, three- dimensional (3D) and four-dimensional 
(4D) imaging. 

 Manipulation of the technical factors such as overall 
gain, persistence, and output power has increasingly 
become linked to automated image adjustment. Obtain-
ing the required images for a study requires knowledge 
of not only the physics of ultrasound but also a thor-
ough  knowledge of normal and abnormal anatomy, and 
the  disease processes being imaged. 

 In this chapter, you will fi nd descriptions of basic 
techniques and protocols of scanning in obstetrics and 
gynecology along with emerging imaging technologies. 
Routines specifi c to the topics discussed are explained 
in greater detail in subsequent chapters. 

 PATIENT PREPARATION 
 GETTING SET UP 

 When the patient arrives for her sonographic examina-
tion, she fi rst must be entered into the hospital informa-
tion system (HIS). A patient number assignment identifi es 
the patient’s electronic medical record (EMR), to which all 
laboratory, pathology, and imaging studies are attached. 
Each visit generates a separate number to help identify 
procedures. Upon entry into the radiology information 
system (RIS), the sonographer is able to search the mo-
dality worklist (MWL), and the patient study informa-
tion automatically populates on the ultrasound machine. 
 Although this sounds quite  complicated, the connected 
hospital makes our lives much easier through the elimina-
tion of errors and the use of fi lm. 2  

 The sonographer should introduce himself or herself 
when meeting the patient. To confi rm the patient’s iden-
tifi cation, use two identifi ers such as the name and the 
date of birth. Some facilities attach an arm band to the 
patient that can be used for identifi cation purposes. At 
this time, ask the patient what she is scheduled for to 
confi rm the correct order and her perception of the up-
coming examination (Table 1-1). Upon completion of pa-
tient identity and exam confi rmation, explain the proce-
dure, the length of the examination, what she may expect 
to feel, and where and how the transducer will be moved. 

 All pertinent clinical information should be includ-
ed on the ultrasound report. This includes patient age, 
date of the last menstrual period (LMP; also whether it 
is normal), gravidity, parity, symptoms such as pain or 
bleeding, history of pelvic procedures, and any other 
pertinent medical or surgical history. This information 

should be obtained from the patient if it is not on the 
examination request. This information can be entered 
into the equipment in an introductory screen  which 
in many cases can  calculate gestational age and due 
dates. This information then transfers to the electronic 
report (Fig. 1-1). It is desirable to obtain this informa-
tion before beginning the examination to minimize the 
chance that the patient will conclude the questions are 
related to something the sonographer is seeing on the 
screen. 

 Knowing the patient’s reproductive history gives the 
sonographer information with which to design and in-
terpret the sonographic examination. For example, if 
the patient is small for gestational age (SGA), the exam 
might reveal growth problems or low fl uid levels. Al-
though variations of the obstetric coding system may 
be used, the following is the most common:  Gravid-
ity  (G) refers to the number of previous pregnancies 
and includes the current gestation. A pregnant woman 
who had a nonviable ectopic pregnancy and later gave 
birth to twins would be G3. If the patient is currently 
nongravid but has had four previous pregnancies, she 
is said to be G4.  Parity  (P) refers to the number of preg-
nancies the patient has carried to term; thus, an ec-
topic pregnancy would be recorded as P0 and a twin 
gestation would be P1. The numbers used after P refer, 
in order, to the number of term pregnancies, abortions 
(spontaneous or induced), and living children. Thus, 
the currently pregnant patient would be classifi ed as 
a G3P1A1T2, which would mean the woman has had 
three pregnancies, one full-term pregnancy, one abor-
tion (the ectopic pregnancy in this case), and two full-
term births, (in this case, a set of twins). 3  If the patient 
is not currently pregnant, she would be a G2P1A1T2 
(Table 1-2). 

   It is generally accepted that the fi rst day of the LMP 
is used to date pregnancies. The LMP usually occurs 
about 2 weeks before conception. The LMP is chosen 
because women can document this date. Still, 20% to 
40% of pregnant women are uncertain of their LMP, 
making dating of a pregnancy unreliable. Ultrasound 
can narrow the estimated date of delivery (EDD), also 
referred to as estimated date of confi nement (EDC), 
to as little as  � 2.7 days by using the average of at 
least three fi rst-trimester crown-rump length (CRL) 
 measurements. 4  

TABLE 1-1

Patient Identifi ersa

• Ask patient his or her name
• Have the patient state his or her date of birth (DOB)
• Exam type
• Ordering clinician
• Armband

aTo ensure the proper patient, use two different identifi ers.40
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 After obtaining all pertinent clinical information, as-
sist the patient onto the examination table, making her 
as comfortable as possible. A pillow or two under the 
patient’s knees relieves back strain. For a transabdomi-
nal examination, apply gel liberally to the lower abdo-
men to provide an effective medium for sound trans-
mission. To minimize patient discomfort, warm the gel 
to body temperature. If a laboratory is not equipped 
with a gel warmer, the gel may be warmed in a sink of 
warm water. Do not use a microwave, as the gel heats 
unevenly and may explode. If an endovaginal examina-
tion is to be performed, give the patient privacy while 
she undresses from the waist down and drapes herself 
with a sheet. 

 Every laboratory should develop scanning protocols 
for each type of examination and include these in a 
printed  reference manual. Suggested protocols have 
been  developed for obstetric and gynecologic scan-
ning by the American Institute of Ultrasound in Med-
icine (AIUM;  Displays 1-1 and 1-2). 5,6  The Society of 

TABLE 1-2

Gravida/Parity Defi nitions

 Term/Abbreviation Defi nition 

 Gravida (G) Number of pregnancies 
 Para (P)  Number of pregnancies over

 36 weeks (term) 
 Abortion (A) Number of failed pregnancies 
 Term (T) Number of live births 

DISPLAY 1-1

Guidelines for the Performance of the 
Antepartum Obstetrical Ultrasound Examination

Guidelines for First-Trimester Sonography
Indications: Confi rm intrauterine pregnancy; evaluate 
for suspected ectopic pregnancy; determine the cause 
of vaginal bleeding or pelvic pain; estimate gestational 
age; diagnose or evaluate multiple pregnancies; confi rm 
 viability, adjunct to chorionic villus sampling (CVS), embryo 
transfer, and localization and removal of an intrauterine de-
vice (IUD); assess for fetal anomalies such as anencephaly; 
evaluate maternal uterine anomalies and/or pelvic masses; 
measure the nuchal translucency (NT); and evaluate for 
suspected hydatidiform mole.
Overall Comment. Scanning in the fi rst trimester may be 
performed abdominally, vaginally, or using both methods. 
If an abdominal examination fails to provide diagnostic 
information, perform a vaginal or transperioneal exami-
nation. Similarly, if a vaginal scan fails to image all areas 
needed for diagnosis, an abdominal scan should be 
performed.
1. Evaluate the uterus and adnexa for the presence of a 

gestational sac. Document any visualized gestational 
sac and determine the location. Note the presence or 
absence of an embryo and record the CRL.
Comment. (1) CRL is a more accurate indicator of 

gestational age than gestational sac diameter. If the 
embryo is not identifi ed, evaluate the gestational sac for 
the presence of a yolk sac. The estimate of gestational 
age would be based on either the mean diameter of the 
gestational sac or on the morphology and contents of the 
gestational sac. (2) Identifi cation of a yolk sac or an embryo 
is defi nitive evidence of a gestational sac. Use caution in 
making a defi nitive diagnosis of a gestational sac prior to 
the development of these structures. The lack of a yolk 

 Figure 1-1 The patient data entry 
(PDE) screen allows entry of the 
accession number or the patient 
visit number, LMP, and patient preg-
nancy information. If you work in a 
fa cility that does not have a con-
nected workfl ow, the patient infor-
mation may be manually entered on 
this screen. 
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sac and embryo raises suspicion of an intrauterine fl uid 
collection, which often coexists with the pseudogestational 
sac associated with an ectopic pregnancy. (3) During the 
late fi rst trimester, biparietal diameter (BPD) and other fetal 
measurements also may be used to establish fetal age.
2. Record the presence or absence of cardiac activity with 

M-Mode or Cineloop.
Comment. (1) Real-time observation is critical for this 

diagnosis. (2) With vaginal scans, an embryo with a CRL of 
5 mm or greater should demonstrate cardiac motion. If an 
embryo less than 5 mm in length is seen with no cardiac 
activity, a follow-up scan may be needed to evaluate for 
fetal life.
3. Document fetal number.

Comment. Report multiple pregnancies only when im-
aging multiple embryos. Incomplete amnion and chorion 
fusion, or elevation of the chorionic membrane by intra-
uterine hemorrhage, often mimic a second sac in the fi rst 
trimester, leading to an incorrect diagnosis of a multiple 
pregnancy.
4. Evaluate the uterus, adnexal structures, and cul-de-sac.

Comment. (1) This allows recognition of incidental fi nd-
ings of potential clinical signifi cance. Record the presence, 
location, and size of myomas and adnexal masses. Scan 
the cul-de-sac for presence or absence of fl uid. If there is 
fl uid in the cul-de-sac, image the fl anks and subhepatic 
space for intra-abdominal fl uid. (2) Correlate serum hor-
monal levels with ultrasound fi ndings to help in differentia-
tion of a normal, abnormal, or ectopic pregnancy.
5. Evaluate the nuchal region in the presence of a live fetus.

Comment. (1) The NT measurement is a very specifi c 
measurement obtained at laboratory-determined intervals. 
(2) Use the NT measurement in conjunction with serum 
biochemistry to determine the patient risk for trisomy 13 or 
18, or other defects such as heart or spine malformations. 
(3) NT certifi cation ensures consistent quality and examina-
tion performance between sonographers.

Guidelines for Second- and Third-Trimester Sonography
Indications: Evaluation of gestational age and fetal 
growth; determination of the cause of vaginal bleeding, 
pelvic pain, or cervical insuffi ciency; determination of fetal 
presentation; diagnosis or evaluation of multiple pregnan-
cies; confi rmation of viability, adjunct to amniocentesis; 
determination of cause of uterine size and clinical date 
discrepancies; assessment  for fetal anomalies; evaluation 
of maternal uterine anomalies, pelvic masses, or suspected 
ectopic pregnancy; evaluation of fetal well-being; determi-
nation of amniotic fl uid levels, suspected placental abrup-
tion, placement of cervical cerclage, adjunct to  external 
cephalic version, premature rupture of membranes 
(PROM), abnormal biochemical markers; follow up to a 
 fetal anomaly and placental location, history of a congeni-
tal anomaly; evaluation of fetal condition in patients with 
late prenatal care; assessment of fi ndings that increase 
the risk of aneuploidy; and evaluation for suspected 
 hydatidiform mole.
1. Document fetal life, number, presentation, and activity.

Comment. (1) Report an abnormal heart rate and/or 
rhythm. (2) Multiple pregnancies require the documenta-
tion of additional information: number of gestational sacs, 
number of placentas, presence or absence of a dividing 
membrane, fetal genitalia (if visible), comparison of fetal 
sizes, and comparison of amniotic fl uid volume (AFV) on 
each side of the membrane.

2. Report an estimate of AFV (increased, decreased, 
 normal).
Comment. When determining the appropriateness of 

AFV, consider the physiologic variation that occurs with 
each stage of pregnancy.
3. Record the placental location and appearance, as well 

as its relationship to the internal cervical os. Document 
the umbilical cord insertion sites into both the placenta 
and fetus. Include a cross-section of the free fl oating 
cord for three vessel confi rmation as well as color Dop-
pler images of the umbilical vessels coursing lateral to 
the fetal bladder.
Comment. (1) It is recognized that apparent placental 

position early in pregnancy may not correlate well with 
its location at the time of delivery. (2) An overdistended 
maternal urinary bladder or a lower uterine contraction can 
give the examiner a false impression of placenta previa. 
(3) Abdominal, transperineal, or vaginal views may be help-
ful in visualizing the internal cervical os and its relationship 
to the placenta.
4. Obtain fetal measurements to assess gestational age 

using a combination of cranial measurement such as 
the BPD or head circumference (HC), and limb mea-
surement such as the femur length (FL).
Comment. (1) Third-trimester measurements may not 

accurately refl ect gestational age due to morphologic 
differences in individuals (i.e., short, tall). Base the  current 
exam dates on the earliest examination as the CRL, BPD, 
HC, and FL have a greater accuracy earlier in the preg-
nancy. To determine the current fetal age, use an OB 
wheel, enter data into the equipment or use the following 
calculation: CRL, BPD, HC, and/or the FL by the equation: 
current fetal age � estimated age at time of initial study � 
number of weeks elapsed since fi rst study.
4A.  The standard reference level for measurement of the 

BPD is an axial image that includes the thalamus.
Comment. If the fetal head is dolichocephalic or 

brachycephalic, the BPD measurement may be mislead-
ing. Occasionally, computation of the cephalic index (CI), a 
ratio of the BPD to the fronto-occipital diameter, is needed 
to make this determination. In such situations, other mea-
surements of head size, such as the HC, may be necessary.
4B.  Measure the HC at the same level as the PBD, around 

the outer perimeter of the calvarium at the level of the 
thalamus.

4C.  Routinely measure and record the FL after the 14th 
week of gestation.

Comment. As with head measurements, there is 
considerable biologic variation in normal FLs late in 
 pregnancy.
5. Obtain a fetal weight estimate in the late second and 

in the third trimesters. This measurement requires an 
abdominal diameter or circumference.
Comment. (1) Check appropriateness of growth from 

previous studies at least 2 to 4 weeks previous. (2) Fetal 
weight estimations may be as much as ±15% from actual 
delivery weights. This may be due to the patient population, 
sonographer measuring techniques, and technical factors.
5A.  Measure the abdominal circumference (AC) on a true 

transverse view, preferably at the level of the junction 
of the left and right portal veins and fetal stomach.

Comment. An AC measurement helps estimate fetal 
weight and may allow detection of growth retardation and 
macrosomia.
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surgery; delivery or abortion; localization of an intrauterine 
device (IUD), malignancy screening for high-risk patients; 
urinary incontinence or pelvic organ prolapse; and guid-
ance for interventional or surgical procedures. 

 The following guidelines describe the examination to 
be performed for each organ and anatomic region in the 
female pelvis. All relevant structures should be identifi ed 
by the abdominal and/or vaginal approach. If an abdomi-
nal examination is performed and fails to provide the 
necessary diagnostic information, a vaginal scan should be 
done when possible. Similarly, if a vaginal scan is per-
formed and fails to image all areas needed for diagnosis, 
an abdominal scan should be performed. In some cases, 
both an abdominal and a vaginal scan may be needed. 

 GENERAL PELVIC PREPARATION 
 For a pelvic sonogram performed through the abdominal 
wall, the patient’s urinary bladder should, in general, be 
distended adequately to displace the small bowel and its 
contained gas from the fi eld of view. Occasionally, overdis-
tention of the bladder may compromise evaluation. When 
this occurs, imaging should be repeated after the patient 
partially empties the bladder. 

 For a vaginal sonogram, the urinary bladder is prefer-
ably empty. The vaginal transducer may be introduced by 
the patient, the sonographer, or the physician. A female 
member of the physician’s or hospital’s staff should be 
present, when possible, as a chaperone in the examining 
room during vaginal sonography. 

 UTERUS 
 The vagina and uterus provide anatomic landmarks that 
can be used as reference points when evaluating the 
pelvic structures. In evaluating the uterus, document the 
following: (1) uterine size, shape, and orientation; (2) the 
endometrium; (3) the myometrium; and (4) the cervix. 

 Evaluate the uterine length on a long-axis view as the 
distance from the fundus to the cervix. The depth of the 
uterus (anteroposterior dimension) is measured on the 
same long-axis view from its anterior to posterior walls, 
perpendicular to its long axis. Measure the width on the 
axial or coronal view. Exclude the cervix when performing 
volume measurements of the uterus. 

 Document abnormalities of the uterus to include of 
contour changes, echogenicity, masses, and cysts. Measure 
fi ndings on at least two dimensions, a cknowledging that it 
is not necessary to measure all fi broids. 

 Analyze the endometrium for thickness, focal abnormality, 
and the presence of any fl uid or masses in the endometrial 
cavity. Measure the endometrium on a midline sagittal image, 
including anterior and posterior portions of the basal endo-
metrium and excluding the adjacent hypoechoic myometrium 
and any endometrial fl uid. Assessment of the endometrium 
should allow for normal variations in the appearance of the 
endometrium expected with phases of the menstrual cycle 
and with hormonal supplementation. Sonohysterography 
helps evaluate the patient with abnormal dysfunctional 
 uterine bleeding or with an abnormally thickened endomete-
rium. Document an IUD and the location within the uterus. 
When available, obtain a 3D volume for coronal reconstruc-
tion of the uterus. 

 ADNEXA (OVARIES AND FALLOPIAN TUBES) 
 When evaluating the adnexa, an attempt should be made 
to identify the ovaries fi rst since they can serve as a major 
point of reference for assessing the presence of adnexal 

5B.  Estimate interval growth from previous fetal biometric 
studies.

6. Evaluate the uterus (including the cervix) and adnexal 
structures.
Comment. This allows recognition of incidental fi ndings 

of potential clinical signifi cance. Record the presence, 
location, and size of myomas and adnexal masses. It is fre-
quently not possible to image the maternal ovaries during 
the second and third trimesters. Vaginal or transperineal 
scanning may be helpful in evaluating the cervix when the 
fetal head prevents visualization of the cervix from transab-
dominal scanning.
7. The study should include, but not necessarily be limited 

to, assessment of the following fetal anatomy: cerebral 
ventricles, posterior fossa (including cerebellar hemi-
spheres and cisterna magna), choroid plexus, lateral 
cerebral ventricles, midline falx, cavum septi pellucid, 
upper lip, views of the heart to include the four-
chambers (including its position within the thorax), left 
ventricular outfl ow, and right ventricular outfl ow along 
with aortic arch and ductal arch images, spine, stomach, 
kidneys, urinary bladder, color Doppler or Color Power 
Angio images of the umbilical vessels lateral to the 
bladder, fetal umbilical cord insertion site, and intact-
ness of the anterior abdominal wall and placenta. Also 
include  images of the limbs, along with the presence 
or absence of the long bone and the fetal sex determi-
nation. Although not considered part of the minimum 
required examination, when fetal position permits, it is 
desirable to examine all areas of the anatomy.
Comment. (1) It is recognized that not all malforma-

tions of the previously mentioned organ systems can 
be detected using ultrasonography. (2) Consider these 
recommendations as a minimum guideline for the fetal 
anatomic survey. Occasionally, some of these structures 
may not be well visualized, as occurs when fetal position, 
low amniotic volume, or maternal body habitus limit the 
sonographic examination. When this occurs, the report of 
the ultrasound examination should include a notation de-
lineating structures that were not well seen. (3) Suspected 
abnormalities may require a targeted evaluation of the 
area(s) of concern. (4) In the patient with an increased risk 
of  aneuploidy, perform a nuchal fold measurement.

(American Institute of Ultrasound in Medicine. Guidelines for 
 Performance of the Antepartum Obstetrical Ultrasound 
 Examination. Laurel, MD: AIUM; 2007.)

DISPLAY 1-2

Guidelines for Performance of the Ultrasound
Examination of the Female Pelvis

  Indications:  Pain; painful menses (dysmenorrhea); lack 
of menses (amenorrhea); excessive menstrual bleeding 
(menorrhagia); irregular uterine bleeding (metrorrhagia); 
excessive irregular bleeding (menometrorrhagia); follow-up 
of previous detected abnormality; evaluation, monitoring, 
and/or treatment of infertility patients; delayed menses, 
precocious puberty, or vaginal bleeding in a prepubertal 
child; postmenopausal bleeding; abnormal or technically 
limited manual examination; signs and symptoms of a 
pelvic infection; further imaging of an anomaly found dur-
ing another imaging study; congenital anomaly evaluation; 
excessive bleeding; pain or signs of infection after pelvis 
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 Diagnostic Medical Sonography (SDMS) Guidelines for 
Obstetrics and Gynecology Review includes a section 
on scanning techniques 7  as do the American  College of 
Radiology (ACR) guidelines. A sonographer developing 
his or her own protocols should keep in mind that the 
sonographic examination must clearly demonstrate the 
normality or abnormality of each anatomic structure 
through a series of representative images. 

 Developing an examination protocol ensures per-
formance of all studies in a consistent and complete 
 manner, thereby reducing the likelihood of missing pa-
thology. Many articles have discussed the weaknesses 
of the Routine Antenatal Diagnostic Imaging with Ultra-
sound Study (RADIUS), 8  which concluded that routine 
obstetric ultrasound was not cost-effective. Of interest 
to sonographers is that the study illustrated the differ-
ence in the rate of fetal anomaly detection between ter-
tiary care centers and nontertiary care centers. 6,7  The 
rate of detection was 60%  lower in nontertiary care 
centers than in tertiary care centers, which presumably 

pathology. Although their location is variable, the ova-
ries are most often situated anterior to the internal iliac 
(hypogastric) vessels, lateral to the uterus, and superfi cial 
to the obturator internus muscle. Measure the ovaries and 
document any ovarian abnormalities. Determine the ovar-
ian size by measuring the ovary in three dimensions (width, 
length, and depth) on views obtained in two orthogonal 
planes. To ensure measurement of three orthogonal 
planes, utilize the dual-imaging format. It is recognized 
that the ovaries may not be identifi able in some women. 
This occurs most frequently after menopause or in patients 
with a large leiomyomatous uterus. 

 The normal fallopian tubes are not visualized in most 
patients. Survey the para-adnexal regions for abnormali-
ties, particularly fl uid-fi lled or distended tubular structures 
that may represent dilated fallopian tubes. 

 Reference any adnexal masses to its relationship to the 
uterus. Document the ipsilateral ovary. Determine the ova-
ry size and echo pattern (cystic, solid, or mixed; presence 
of septations). Doppler ultrasound may be useful in select 
cases to identify the vascular nature of pelvic structures. 

 CUL-DE-SAC 
 The cul-de-sac and bowel posterior to the uterus may not 
be clearly visualized. This area should be evaluated for the 
presence of free fl uid or mass. When free fl uid is detected, 
its echogenicity should be assessed. If a mass is detected, its 
size, position, shape, echo pattern (cystic, solid, or complex), 
and its relationship to the ovaries and uterus should be 
 documented. Peristalsis is held to differentiate bowel from 
a pelvic mass. In the absence of peristalsis, differentiation 
of normal or abnormal loops of bowel from a mass may, at 
times, be diffi cult. An endovaginal examination may be help-
ful in distinguishing a suspected mass from fl uid and  feces 
within the normal rectosigmoid. An ultrasound water enema 
study or a repeat examination after a cleansing enema may 
also help distinguish a suspected mass from bowel. 

(American Institute of Ultrasound in Medicine. Guidelines for 
Performing of the Ultrasound Examination of the Female Pelvis. 
Laurel, MD: AIUM; 2009.)

had more experienced  sonographers and physicians. 
This study illustrated the importance of being thorough 
and optimizing image  quality when performing a sono-
graphic study. 

 GYNECOLOGIC EXAMINATIONS 

 A full urinary bladder is the hallmark of obstetric and 
gynecologic scanning (Fig. 1-2). Instructions on how to 
prepare for an examination should be tailored to the pa-
tient, the examination objectives, and the transducer type. 
A premenopausal woman who is to be examined for a 
possible ovarian cyst can be instructed to eat normally, 
void, and then fi nish drinking four 8-oz glasses of  water 
1 hour  before  the examination and not void until after the 
 examination. These directions should ensure that she will 
be properly   prepared for the transabdominal pelvic sono-
gram. A postmenopausal woman in her 60s or 70s who 
is  scheduled  because of uterine bleeding may have de-
creased bladder capacity or may suffer from incontinence. 
The directions for this patient could be modifi ed by asking 
her to drink only three 8-oz glasses of water. If a patient 
is scheduled for an endovaginal examination, the bladder 
must be empty unless the abdominal scan occurs during 
the same examination. 

   An adequately fi lled bladder usually extends slightly 
beyond the fundus of a nongravid uterus. If the uter-
us and adnexa are clearly delineated, the bladder is 
full enough; if not, the patient should be instructed to 
drink more  water or wait for her bladder to fi ll more. 
Patient positioning techniques may be particularly 
helpful with a less than optimally fi lled bladder. Ask 
the patient to lie in a left or right posterior oblique 
position so that the bladder drapes over the structure 
of interest, such as the lateral section of the uterus, the 
adnexa, or a mass. 

 If the patient’s bladder is so distended that it com-
presses and displaces the pelvic viscera, or the patient 
cannot tolerate the examination, have her partially emp-
ty by g iving her a cup and telling her how many cups 
she may void. Many patients are skeptical of their ability 
to stop the fl ow of urine, but most are successful. 

 In many cases, it is possible to evaluate most of the 
low-lying pelvic structures with an empty urinary blad-
der by using a endovaginal transducer. The transab-
dominal approach is used primarily to rule out pelvic 
masses that are beyond the imaging range of the endo-
vaginal tr ansducer. 

 Performing the Gynecologic Examination 
 Regardless of clinical indication, a gynecologic exami-
nation should include the following images: sagittal 
midline of the uterus, including the cervix and vagina; 
right and left parasagittal views of the uterus and both 
adnexa; and transverse views of the uterine fundus 
with cornua, the uterine corpus, cervix, vagina, and 
each ovary. De monstrate and record characteristics of 
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any suspected pathology in addition to the standard 
views. Include several sagittal and transverse views 
of any suspected abnormality in the sonographic re-
cord. Documentation should include images with and 
without measurements and a demonstration of the 
echogenicity of the abnormal structure. Every attempt 
should be made to delineate clearly the mass and its 
relationship to surrounding organs and structures. If 
results of the sonographic examination are negative, 
the area of interest should be imaged to prove that no 
pathology was seen. 

 The sonographer must also be aware of associated 
fi ndings of a particular disease. For instance, when im-
aging a solid ovarian mass, the sonographer also will 
carefully examine the cul-de-sac, Morison’s pouch, the 
liver edge, and the fl anks for ascites. Also examine the 
liver, kidneys, and perivascular areas for evidence of 
metastases. Every examination must be performed thor-
oughly; the additional time required is minimal when 
using real-time scanners and the fi ndings may be criti-
cal to the patient’s well-being. Although sonographic 
images of gynecologic masses often are frustratingly 
nonspecifi c, with optimal technique, characteristics re-
lated to particular masses can be visualized (Table 1-3). 

It is also important to understand when Doppler and 
color Doppler may enhance diagnosis. Several chapters 
in this textbook describe specifi c techniques for imag-
ing pelvic masses. 

   A good understanding of the physical principles of 
ultrasound enables the sonographer to solve imaging 
problems. Many excellent textbooks explain these prin-
ciples. 9,10  

 Every sonographer should make efforts to minimize 
sonographic artifacts produced during imaging. The fol-
lowing basic scanning principles help achieve diagnostic 
images: 

 1. To optimize the superior axial resolution of the 
transducer, keep the sonographic beam as close to 
perpendicular as possible to the area of interest 

 2. The best resolution occurs within the focal zone 
of the transducer 

 3. Higher-frequency transducers provide better reso-
lution 

 4. Lower-frequency transducers provide greater 
depth of penetration 

 5. Fluid-fi lled structures enhance the transmission of 
sound 

 6. Solid structures attenuate sound to varying degrees 

BA

C

 Figure 1-2  A:  This sagittal transabdominal scan through an empty 
bladder presents a suboptimal image of the uterus (UT). The ad-
nexa does not visualize.  B:  This image demonstrates a partially 
fi lled bladder (BL). Although the UT visualizes better, the BL is 
not fi lled enough to allow complete evaluation of the fundal re-
gion  (a rrow) .  C:  With the BL adequately fi lled, the fundus  (arrow)  
can be evaluated, as can the echogenicity of the myometrium and 
endometrium. A small amount of free fl uid images in the posterior
cul-de-sac  (open arrow) . 
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the number of examinations and measurements that 
need to be taken is summarized in Display 1-1 and is 
described more fully in subsequent chapters. 

 If the patient had a previous examination and you are 
using the same piece of equipment, the exam may still 
be on the hard drive. In this case, the previous exami-
nation may be accessed along with the measurements. 
This becomes important when performing serial exams 
for fetal growth problems. If the data is not on the equip-
ment, you are able to manually enter the information. 

 After about 20 weeks’ gestation, some women suffer 
from aortocaval compression syndrome, the cause of 
supine hypotensive syndrome, which results in the in-
ability of mothers to lie on their back for long periods. 
This may begin earlier in cases of multiple gestations. 
The patient begins to fi dget as she becomes uncomfort-
able and may complain that she is hot, nauseous, or 
feels like she is going to faint. At the fi rst sign of these 
symptoms, the patient should be turned to a side or 
have her back elevated. A drink of cold water or a cold, 
wet washcloth to the forehead will enable her to recover 
more quickly. Once she has recovered, the examination 
may resume after putting a pillow under one side of 
the patient so that her body is tilted. This provides the 
patient with relief from her symptoms while providing 
the sonographer with access to her pelvis. Scanning in 
the most effi cient manner possible minimizes the time 
the patient lies on the table. 

 The sonographer should establish an organized rou-
tine for scanning; for example, begin the scan with the 
fetal environment, fl uid, placenta cord, and cervix. Do 
not forget to search for any ovarian masses. When im-
aging the fetus, begin at the fetal head and neural tube 
structures. Then image the internal organs and limbs. 
Record representative images as they are obtained 
through this survey. Consistency in performing or ad-
hering to a protocol saves the sonographer from  having 
to design a new approach for each patient, makes 
 doing complete examinations habitual, and alerts the 
sonographer very quickly when something is unusual 
or  abnormal. Having a checklist of fetal anatomy and 
measurements is also helpful in ensuring that each 
study is complete. 

 TRANSDUCER SELECTION 
 The choice of transducer should be based on patient 
habitus, stage of pregnancy, and examination objec-
tives. Each laboratory should have a selection of trans-
ducers of varying  frequencies with M-mode, Doppler, 
and color  Doppler capabilities. Many transducers are 
now duplex: a 2D image is seen on the screen with 
a simultaneous M-mode or Doppler spectral display. 
Imaging with 2D, color, and spectral Doppler is called 
triplex imaging. Most transducers are electronically 
focused, enabling the sonographer to optimally image 
the structure of interest by changing the depth of the 

TABLE 1-3

 General Principles of Gynecologic Scanning 
Techniques 

 Characteristics of 
Mass Scanning Technique 

 Size  Measure three longest dimensions: 
 length, height, width 

 Mobility  Turn patient, empty bladder, apply 
 transducer pressure 

 Tissue composition  Change transducer: high to low 
 frequency 

   Compare to urine, which is fl uid 
 and anechoic 

   Raise gain settings to see septations,
  lower gain to see shadows from 

calcifi cations 
   Look for edge shadowing and 

  anterior reverberation artifacts in 
fl uid-fi lled structures 

   Check for peristalsis in mass to 
 determine whether it is bowel 

 Extension  Examine bladder wall, which should 
  appear as clean, echogenic line 

measuring 3 to 6 mm 
   Examine cul-de-sac, fl anks, Morison’s

 pouch for ascites 
  Examine liver for metastases 
   Examine kidneys for hydronephrosis 

 and metastases 
   Examine perivascular area for 

 enlarged nodes 

 OBSTETRIC EXAMINATIONS 

 The degree of bladder fi lling required depends on the 
stage of gestation. In the fi rst trimester, a full bladder 
is needed for transabdominal scanning to push the air-
fi lled  intestines out of the false pelvis and allow for an 
unobstructed view of the uterus (Fig. 1-3). Once the sec-
ond  trimester begins, it is usually not necessary for the 
patient to have as full of a bladder because the uterus 
fi lls the pelvic cavity and displaces the  intestines. 

   A moderately fi lled bladder enhances visualization 
of the internal os by providing an unobstructed view 
of that area. This is useful when assessing competency 
of the internal os, in determining placental position 
relative to the os when there is a low-lying placenta, 
and in displacing a low fetal head upward into a posi-
tion where the BPD can be measured. Endovaginal or 
perineal studies enable the sonographer to evaluate the 
cervix or presenting fetal part in more detail than may 
be possible by the transabdominal approach. 

 Performing the Obstetric Examination 
 Imaging a pregnant patient before the 15th week of ges-
tation requires basically the same technique as a gyne-
cologic ultrasound examination. The protocol detailing 
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some obstetric applications make it an essential ad-
dition to the transducer arsenal of any laboratory do-
ing gynecologic and obstetric ultrasound. Endovaginal 
transducers range from 3.0 to more typically 6.0 to 7.5 
MHz. Selection of frequency is determined by the dis-
tance from the cervix of the structure to be evaluated. 
Endovaginal transducers produced by different manu-
facturers vary in size, shape, orientation of the imaging 
plane in relation to the shaft of the transducer, whether 
the shaft has an angle to it, and the addition of du-
plexed M-mode (simultaneous display of M-mode with 
2D images), Doppler, color Doppler, and color Power 
Angio capabilities. Some machines and transducers 
also have the capability of beam steering. 9,10  

 Endovaginal transducers are used primarily for eval-
uating the nongravid female pelvis and the fi rst trimes-
ter fetus. Later in pregnancy, the endovaginal transduc-
er may be useful in the evaluation of presenting fetal 
parts and the cervix, and to rule out a placenta previa 
or vasa previa. Endovaginal transducers have also been 
found to be useful in delineating fetal anatomy in obese 
pregnant patients when imaging through the maternal 
umbilicus, where the subcutaneous fat thickness is 
signifi cantly reduced. When selecting equipment, the 
laboratory should consider the applications for which 
various transducers may be used. 

 ENDOVAGINAL SCANNING 
 Endovaginal scans are often performed in conjunction 
with transabdominal scans. The endovaginal transduc-
er images anatomy within a focal range of 2 to 7 cm and 
cannot be inserted past the area of the vaginal fornices, 
limiting visualization to the uterus and adnexa in the 
nongravid patient without an enlarged leiomyomatous 
uterus, and the lower uterine segment in a gravid pa-
tient. Most clinical situations require an extensive view 
of the pelvis and abdomen, which cannot be provided 

focal point, and the number of focal points. Broad-
band transducers enable the operator to change im-
aging frequencies to optimize resolution at different 
depths. 9,10  

 The small scanning surface or footprint of sec-
tor transducers make them easily maneuverable and, 
therefore, effective in most gynecologic and early ges-
tation applications. Linear transducers in a variety of 
sizes and shapes provide various fi elds of view related 
to their length and produce more accurate measure-
ments of linear structures (e.g., femur), making them 
particularly useful in late pregnancy. Curved linear ar-
ray transducers combine the wider fi eld of view of sec-
tor transducers with greater near-fi eld visualization and 
increased linear measurement accuracy. 

 Patient body habitus affects the choice of  transducer 
frequency. Large patients may require the use of a 
2.5-MHz transducer, whereas 5.0 MHz provides ex-
cellent resolution on slender women and on children. 
Infants are often best imaged with 7.5-MHz transduc-
ers. In pregnant women, the stage of gestation also 
infl uences the choice of fr equencies. A 5-MHz trans-
ducer may provide optimal images well into the third 
trimester on a slender patient. In later pregnancy  and 
in heavier women, a 3.5-MHz  tr ansducer usually pro-
vides better depth penetration. Improvement in  image 
processing has enhanced resolution, thereby allowing 
patients to be studied with higher-frequency transduc-
ers than was previously feasible. To o ptimize image 
quality, the  sonographer should change transducers de-
pending on the depth of the structure  being imaged. For 
example, if the fetal spine is up, and the kidneys appear 
suspect, change to a higher-frequency transducer to im-
prove resolution. If a patient is obese, and therefore the 
fetus is far from the transducer face, change to a lower-
frequency transducer. 

 The utility of the endovaginal transducer and the 
superior imaging it provides in most gynecologic and 

BA
 Figure 1-3  A:  The urinary bladder (BL) is partially full, but not enough to determine whether the gestational sac  (arrow)  contains a viable 
 embryo.  B:  The uterus with the fundal gestational sac  (arrow)  can now be clearly delineated because the bladder is full. 
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the scanning face and the cover. Take care to re-
move all air bubbles between the transducer face 
and the cover to optimize image quality. 

 4. Lubricate the transducer cover with K-Y jelly to 
minimize patient discomfort. If the patient is be-
ing treated for infertility, no coupling gel should 
be used because of its spermicidal effect; instead, 
lubricate the transducer with saline. 

 5. Depending on institutional policy, the patient, 
physician, or sonographer inserts the transducer 
into the vagina. It is advisable for a female chap-
erone to be present during the performance of the 
examination. 

 6. The sonographer manipulates the transducer to 
image sagittal, coronal, and transverse sections of 
the uterus and adnexa. This is done by pushing 
or pulling the transducer and by tilting or rotating 
the  handle. Advance the transducer while imag-
ing to avoid advancing the transducer too far. As 
with  standard scanning, enlarging the image en-
hances  visualization. 

 7. Because the orientation of the images differs from 
transabdominal scans, it is important to indicate 
the location and directions on each scan. Orien-
tation and labeling have not been standardized; 
therefore, referencing images by using anatomic 
landmarks is recommended (e.g., demonstrating 
the ovaries in relationship to the iliac vessels). 

 8. At the completion of the examination, remove the 
condom carefully and disinfect the transducer as 
recommended by the manufacturer of the trans-
ducer. 12  

 TRANSPERINEAL SCANNING 
 In some cases, endovaginal scanning may be contraindi-
cated. If there is a concern about introducing infection, 
for example, in the case of ruptured membranes, or if 

by the endovaginal transducer alone (Fig. 1-4). A few 
applications for endovaginal sonography include ecto-
pic pregnancy evaluation; uterine, ovarian, and pelvic 
infl ammatory disease; placenta previa or accrete; fetal 
anatomy and cardiovascular systems; and monitoring 
ovulation. It may also be used to guide procedures such 
as ova aspiration, embryo transfer, drainage or aspira-
tion of pelvic fl uid, and treatment of ectopic pregnan-
cies. The SDMS publication  Sonography Examination 
Guidelines  11  provides a good overview of the technique, 
and the AIUM’s Ultrasound Practice Committee has 
issued recommendations 12  for cleaning endocavitary 
transducers. 

   TECHNIQUE 

 Carefully explain the procedure to the patient before 
beginning the examination procedure. In some institu-
tions, the patient is asked to sign an informed consent 
form before the examination. 

 1. Scan the patient with an empty bladder, as a 
distended bladder may distort pelvic anatomy 
and push  organs of interest out of the transduc-
er range.  Patients being examined for low-lying 
placenta should have a half-full bladder to help 
outline the internal os and anterior portion of the 
cervix. 

 2. The lithotomy position is used or a pillow may be 
placed under the supine patient’s buttocks. The 
patient’s upper body should be positioned higher 
than the pelvis to permit pooling of any fl uid in 
the  cul-de-sac. 

 3. Cover the transducer with a cover designed for this 
purpose. The cover reduces the patient’s risk of 
 infection. If a transducer cover is not available, sub-
stitute a condom or a digit of a surgical glove. Place 
a small amount of gel on the face of the transducer 
before covering to provide a fl uid  contact between 

BA
 Figure 1-4  A:  An abdominal scan demonstrates a relatively normal appearing uterus (UT) posterior to a relatively full bladder (BL). The rever-
beration artifact is due to patient obesity; however, a decrease of dynamic range or overall gain helps remove some of the scattering artifact. 
 B:  The endovaginal scan allows better imaging of the endometrium revealing an echogenic  (arrow)  polyp and fl uid  (open arrow) . 
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 If your equipment is set up to batch send, this is 
the time to review your images, deleting any that you 
repeated or felt were technically inadequate. If the im-
ages are sent as acquired, the only method to delete im-
ages is from the picture archiving and communication 
system (PACS). 

 Although it sounds complicated, when you end the 
 examination, the images are sent to the PACS, stored, 
and then attached to the patient’s EMR. This allows 
the electronic report to appear with both the main re-
cord and the one contained within the radiology de-
partment. This allows access to the approved people, 
including the clinician, to the images and reports con-
tained within the p atient chart. Often, the dictated re-
port is sent electronically within a day or two, reducing 
the time a patient must wait for results. 

 SAFETY OF ULTRASOUND 
 The patient will undoubtedly ask questions about the 
fi ndings of the examination and the safety to the fe-
tus and herself of exposure to diagnostic ultrasound. 
The sonographer must answer these questions accu-
rately and clearly. Extensive research has been done 

the patient refuses an endovaginal scan, the transperi-
neal approach may enable the sonographer to obtain 
images of the cervix and the lower uterine segment. The 
patient is positioned as for an endovaginal scan. The 
study is done by using a conventional  ultrasound trans-
ducer that has been covered with a transducer cover 
(as described in the section on endovaginal technique) 
and scanning between the labia on the perineum. Oc-
casionally, the view may be obstructed by bowel gas. 
To improve visualization, the patient’s buttocks may be 
elevated onto a pillow or towels, shifting the bowel and 
changing the angle of the ultrasound beam relative to 
the cervix. 13,14  (Fig. 1-5). 

  COMPLETION OF THE EXAMINATION 

 Obtaining the needed images for the examination is 
only a portion of the required steps for the examina-
tion. The measurements obtained during the exam 
display on an electronic report contained within the 
equipment (Fig. 1-6). These, along with the patient in-
formation screens, are o ften included as images in the 
patient record. The report pages may be printed on a 
paper printer or a standalone printer. 

C
C

P
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 Figure 1-5  A:  Schematic diagram of transperineal scanning 
plane. (Hertzberg BS, Bowie JD, Carroll BA, et al. Diagnosis of 
placenta previa during the third trimester: role of  transperineal 
sonography.  Am J Roentgenol . 1992;159:83–87).  B:  Transperi-
neal sonogram of normal uterus,  (C)  with machine-generated 
outline of structures. (Sonograms courtesy of Susan Schultz, 
RDMS, Technical Coordinator of Education, The Jefferson 
 Ultrasound Institute, Philadelphia, PA.) 
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on the potential deleterious effects of diagnostic ultra-
sound. The AIUM, the SDMS, the National Institutes 
of Health (NIH), and the U.S. Food and Drug Admin-
istration (FDA) carefully monitor results of epidemio-
logic and biologic stu dies. In 1984, the NIH and the 
FDA convened a Consensus D evelopment Conference 

on Diagnostic U ltrasound Imaging in Pregnancy. It is 
the consensus of the panel that ultrasound  examination 
in pregnancy should be performed for a specifi c medi-
cal indication. The data on clinical  effi cacy and safety 
do not allow a recommendation for routine screening 
at this time. 

 Figure 1-6  A,B:  These two report pages for an OB examination demonstrate the fetal measurements, anatomy, biophysical profi le, and the 
maternal survey.  (continued)

A

B



 1 — Principles of Scanning Technique in Obstetric and Gynecologic Ultrasound 13

C
 Figure 1-6 (continued)  C:  This graph displays the estimated fetal weight (EFW) of multiple examinations performed on this fetus. The yellow 
X indicated the weight at different stages of the pregnancy. Their position between the graph lines indicates a normal growth pattern. 

DISPLAY 1-3

American Institute of Ultrasound in Medicine 
Offi cial Statement on Clinical Safety

Diagnostic ultrasound has been in use since the late 1950s. 
Given its known benefi ts and recognized effi cacy for medi-
cal diagnosis, including its use during human pregnancy, 
the American Institute of Ultrasound in Medicine herein 
addresses the clinical safety of such use:

No independently confi rmed adverse effects caused by 
exposure from present diagnostic ultrasound instru-
ments 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 signifi cance of such effects is not yet 
known. Ultrasound should be used by qualifi ed health 
professionals to provide medical benefi t to the patient.

(American Institute of Ultrasound in Medicine. Bioeffects and Safety 
of Diagnostic Ultrasound. Laurel, MD: AIUM; 2007.)

DISPLAY 1-4

Conclusions Regarding Epidemiology

Based on epidemiologic evidence to date and on current 
knowledge of interactive mechanisms, there is insuffi cient 
justifi cation to warrant a conclusion that there is a causal rela-
tionship between diagnostic ultrasound and adverse effects.

(American Institute of Ultrasound in Medicine. Conclusions Regard-
ing Epidemiology. Laurel, MD: AIUM; 2005.)

 These conclusions and statements apply equally to 
the use of Doppler ultrasound, although output from 
Doppler instruments tends to be higher than for gray-
scale imaging. 18  The FDA has established guidelines 
that restrict the power levels used in Doppler fetal 
scanning to those used before 1976. Recently, the FDA 
approved some devices that use higher-output data if 
power output information is displayed in real time on 
the equipment’s monitor. The AIUM, FDA, the Nation-
al Electrical Manufacturers Association, and 38 other 
professional organizations have developed an output 
display standard for all ultrasound equipment that 
requires mechanical and thermal indices (the mecha-
nisms relating to bioeffects) be visible on the monitor. 23  
By knowing the mechanical and thermal indices val-
ues, the sonographer can adjust power levels to mini-
mize the patient’s exposure to diagnostic ultrasound. It 
is incumbent on the sonographer to always minimize 
the patient’s exposure to ultrasound energy by effi cient 
scanning and by using the lowest exposure levels pos-
sible (ALARA). 1  

 Although the ultrasound community continues to 
uphold the rationale for this guideline, nearly every 
pregnant woman now receives at least one sonogram. 
The AIUM regularly publishes statements and reports 
informing the ultrasound community of the most  recent 
information regarding safety issues and epidemiolog-
ic information. 15–22  The statements presented in Dis-
plays 1-3, 1-4, 1-5, and 1-6 continue to reinforce the 
NIH’s conclusion that no  deleterious effects have been 
demonstrated as resulting from the use of diagnostic 
 ultrasound, either 2D or 3D, but that it should continue 
to be used prudently. 
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 The AIUM’s position statement on the use of Dop-
pler ultrasound is as follows: 

 AIUM feels that there is currently suffi cient in-
formation to justify clinical use of continuous 
wave, pulsed and color fl ow Doppler ultrasound 
to evaluate blood fl ow in uterine, umbilical and 

fetal vessels, the fetal cardiovascular system and 
to image fl ow in these structures using color fl ow 
imaging technology. 1  

 If the patient asks, the sonographer should convey 
the gist of these statements to allay any immediate fears 
but should also indicate that examinations should not 
be performed indiscriminately. 

 Sharing the results of the examination with the pa-
tient depends on many factors, most of them involving 
common sense. The physician who ordered the sono-
graphic examination is the best person to explain and 
discuss the fi ndings with the patient. Whether patients 
are given immediate reassurance and are allowed to 
view the images, especially in a normal pregnancy, de-
pends on the philosophy of the ultrasound laboratory. 
The impact on the patient of seeing the images should 
be the primary consideration. 

 NEW DEVELOPMENTS IN DIAGNOSTIC 
MEDICAL ULTRASOUND 
 Sonohysterography is a technique in which 25 to 30 mL 
of sterile saline is infused into the endometrial cavity to 
enhance visualization by either the transabdominal or 
e ndovaginal approach. The saline is infused through a 
fi ne, fl exible catheter that is placed through the cervix. 
Patient preparation may include testing for  Chlamydia, 
 Ureaplasma,  and gonorrhea and the use of prophylactic 
antibiotics. As in endovaginal  examinations, the patient 
is in the dorsal lithotomy position. A speculum is in-
serted into the vagina to expose the cervix, the external 
os is cleaned with Betadine, and then the catheter is 
inserted. 24  Patients tolerate the procedure well, report-
ing little or no pain. The endometrial cavity is delin-
eated by the anechoic saline that often initially appears 
echogenic because of contained microbubbles of air. 
Passage of the saline through the fallopian tubes can be 
 demonstrated by  imaging fl uid in the cul-de-sac. The 

DISPLAY 1-6

3D Technology

Currently, 2D gray-scale real-time sonography is the 
primary method of medically indicated anatomic  imaging 
with ultrasound. The term 3D ultrasound refers to the 
 acquisition of imaging data from a volume of tissue. This 
 volumetric data can be displayed as slabs of varying 
thickness, multiplanar reconstruction or as a rendered 
image. The 2D display remains the primary method of 
image presentation regardless of the method of acquisi-
tion. While 3D ultrasound may be helpful in diagnosis, it 
is currently an adjunct to, but not a replacement for 2D 
ultrasound. As with any developing technology, its clinical 
value may improve and its diagnostic role will be periodi-
cally re-evaluated.

(American Institute of Ultrasound in Medicine. Offi cial Statement 
3D Technology. Laurel, MD: AIUM; 2005.)

DISPLAY 1-5

AIUM Statement on Mammalian In Vivo 
Ultrasonic Biologic Effects

Information from experiments using laboratory mam-
mals has contributed signifi cantly to our understanding of 
ultrasonically induced biologic effects and the mechanisms 
that are most likely responsible. The following statement 
summarizes observations relative to specifi c diagnostic 
ultrasound parameters and indices.

In the low-megahertz frequency range, there have been 
no independently confi rmed adverse biologic effects in 
mammalian tissues exposed in vivo under experimental 
ultrasound conditions, as follows:
1. Thermal Mechanisms

a. No effects have been observed for an unfocused 
beam having free-fi eld spatial-peak temporal-
average (SPTA) intensitiesa below 100 mW/cm², or a 
focusedb beam having intensities below 1 W/cm², or 
thermal index values of less than 2.

b. For fetal exposures, no effects have been reported 
for a temperature increase above the normal physio-
logic temperature, �T, when �T �4.5� (log10t/0.6), 
where t is exposure time ranging from 1 to 250 min-
utes, including off time for pulsed exposure (Miller 
et al. 2002).
 For postnatal exposures producing temperature 
 increases of 6° C or less, no effects have been re-
ported when �T �6� (log10t/0.6), including off time 
for pulsed exposure. For example, for temperature 
increases of 6° C and 2° C, the corresponding limits 
for the exposure durations t are 1 and 250 minutes 
(O’Brien et al. 2008).

c. For postnatal exposures producing temperature 
increases of 6° C or more, no effects have been re-
ported when �T �6� (log10t/0.3), including off time 
for pulsed exposure. For example, for a temperature 
increase of 9.6° C, the corresponding limit for the 
exposure duration is 5 seconds (�0.083 minutes) 
(O’Brien et al. 2008).

2. Nonthermal Mechanisms
a. In tissues that contain well-defi ned gas bodies (e.g., 

lung), no effects have been observed for in situ peak 
rarefactional pressures below approximately 0.4 MPa 
or mechanical index values less than approximately 0.4.

b. In tissues that do not contain well-defi ned gas 
 bodies, no effects have been reported for peak 
rarefactional pressures below approximately 4.0 MPa 
or mechanical index values less than  approximately 
4.0 (Church et al. 2008).

aFree-fi eld SPTA intensity for continuous wave and pulsed exposures.
bQuarter-power (�6-dB) beam width smaller than 4 wavelengths or 

4 mm, whichever is less at the exposure frequency.
(American Institute of Ultrasound in Medicine. Statement on Mamma-

lian In Vivo Ultrasonic Biological Effects. Laurel, MD: AIUM; 2008.)
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technique has proven superior to endovaginal sonogra-
phy alone in characterizing the thickened endometrium 
for contained polyps, submucous myomas, synechiae, 
endometrial hyperplasia, and signs of cancerous mass-
es, and in investigating tubal patency. 24  

 Contrast agents such as saline have been used in 
gynecologic scanning to enhance visualization of the 
endometrial cavity and fallopian tubes. Coupled with 
the acquisition of a 3D data set, saline injected through 
an inserted catheter through the vagina and cervical 
os has successfully demonstrated patent and blocked 
tubes. 25,26  The use of saline in the hysterosalpingogram 
(HSG) has proven diagnostic validity. What role the so-
nographer has depends on the setting in which he or 
she practices. Usually, the sonographer acts as an as-
sistant to the physician instilling the saline. However, as 
sonographers begin developing the role of the advanced 
practitioner, that person might be considered qualifi ed 
to perform the entire examination. 

 3D ultrasound, an outgrowth of computer technol-
ogy, is one of the most dynamic new developments in 
sonographic imaging. Several types of 3D ultrasound 
are b eing investigated, such as 2D serial scanning, 10  
volume imaging, 27,28  and the use of a defocusing lens. 9  
Studies of the effi cacy of 2D serial scanning (commonly 
referred to as 3D imaging) in obstetric scanning, partic-
ularly in the evaluation of the fi rst-trimester embryo, 29  
fetal face, limbs, and digits, have shown it to add im-
portant detail to the study. Spatio-temoporal image cor-
relation (STIC) is a 3D imaging method to image the 
fetal heart that results in the display of three orthogo-
nal planes of the heart in a multiplanar reconstruction 
(MPR) format. 30  

 Scanning technique for 3D or 4D imaging does not 
change appreciably. The volume transducer mechani-
cally obtains sequential images, which are stored as 
volume data. At some time after the scan, the data may 
be recalled and volumetric reconstructions produced 
that may be rotated approximately 360 degrees. The 
clinician is able to evaluate entire organs in a dynamic 
manner, rather than in static sections. The technique 
enables the user to study an infi nite variety of orthogo-
nal views through an area of interest at any time after 
storage of the volume data. 

 3D data is said to have three dimensions, the X, Y, 
and Z plane, whereas 4D or real-time imaging has the 
fourth dimension of time. This allows for viewing of 
fetal  movements even though the slower frame rates 
make the image appear less smooth than conventional 
2D imaging. This technique enables the user to view 
the surface or internal structure of an object in three 
dimensions. To image the surface of a structure, a fetal 
face, for example, fl uid must surround the area of inter-
est. Some of the anomalies that are being detected more 
easily with this type of evaluation include facial features 
(Fig. 1-7), ear anomalies, fi nger and toe numbers and 
positions, neural tube defects, and limb malformations. 

Internal anomalies identifi ed with the skeletal process-
ing method include hemivertebrae, boney limb malfor-
mations, and myelomeningoceles (Fig. 1-8). 

   PROFESSIONAL RESPONSIBILITIES OF 
THE SONOGRAPHER 
 In March of 2002, sonography became a unique profes-
sional classifi cation by the Bureau of Labor Statistics 31  
and became listed in the Occupational Outlook Hand-
book. 32  It is essential that sonographers be familiar 
with the Sonographer’s Code of Professional Conduct 33  
( Table 1-4), Code of Ethics, 34  The Scope of Practice, 7  
that they abide by the Patients’ Bill of Rights, and that 
they practice infection control techniques to protect 
their patients and themselves. 

   Individuals choosing diagnostic ultrasound as a pro-
fession should take certifying examinations. There are 
c urrently several testing bodies, such as the American 

 Figure 1-7 3D surface rendered image of a 20-week fetal face. 
( Image complements of Philips Medical Systems, Bothell, WA.) 

 Figure 1-8 A 3D surface rendering of a sacral myelomeningocele. 
(Image complements of Philips Medical Systems, Bothell, WA.) 
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TABLE 1-4

 Code of Professional Conduct for Diagnostic Medical Sonographers 

 The goal of this code of ethics is to promote excellence in patient care by fostering responsibility and accountability among 
  diagnostic medical sonographers. In so doing, the integrity of the profession of diagnostic medical sonography will be 

maintained. 

 Objectives 

 To create and encourage an environment where professional and ethical issues are discussed and addressed. 
 To help the individual diagnostic medical sonographer identify ethical issues. 
 To provide guidelines for individual diagnostic medical sonographers regarding ethical behavior. 

 Principles 

 Principle I: In order to promote patient well-being, the diagnostic medical sonographer shall: 

  A.  Provide information to the patient about the purpose of the sonography procedure and respond to the patient’s questions and 
concerns 

  B. Respect the patient’s autonomy and the right to refuse the procedure 
  C. Recognize the patient’s individuality and provide care in a nonjudgmental and nondiscriminatory manner 
  D.  Promote the privacy, dignity, and comfort of the patient by thoroughly explaining the examination and patient positioning 

and implementing proper draping techniques 
  E.  Maintain confi dentiality of acquired patient information and follow national patient privacy regulations as required by the 

Health Insurance Portability and Accountability Act of 1996 (HIPAA) 
  F.  Promote patient safety during the provision of sonography procedures and while the patient is in the care of the diagnostic 

medical sonographer 

 Principle II: To promote the highest level of competent practice, diagnostic medical sonographers shall: 

  A. Obtain appropriate diagnostic medical sonography education and clinical skills to ensure competence 
  B.  Achieve and maintain specialty specifi c sonography credentials. Sonography credentials must be awarded by a national 

sonography credentialing body that is accredited by a national organization that accredits credentialing bodies, that 
is the National Commission for Certifying Agencies (NCCA), http://www.noca.org/ncca/ncca.htm; or the International 
Organization for Standardization (ISO), http://www.iso.org/iso/en/ISOOnline.frontpage. 

  C. Uphold professional standards by adhering to defi ned technical protocols and diagnostic criteria established by peer review 
  D.  Acknowledge personal and legal limits, practice within the defi ned scope of practice, and assume responsibility for his or her 

actions 
  E.  Maintain continued competence through lifelong learning, which includes continuing education, acquisition of specialty 

specifi c credentials, and recredentialing 
  F. Perform medically indicated ultrasound studies, ordered by a licensed physician or a designated health care provider 
  G.  Protect patients and/or study subjects by adhering to oversight and approval of investigational procedures, including 

documented informed consent 
  H. Refrain from the use of any substances that may alter judgment or skill and thereby compromise patient care 
  I.  Be accountable and participate in regular assessment and review of equipment, procedures, protocols, and results. This 

can be accomplished through facility accreditation. 

 Principle III: To promote professional integrity and public trust, the diagnostic medical sonographer shall: 

  A. Be truthful and promote appropriate communications with patients and colleagues 
  B. Respect the rights of patients, colleagues, and yourself 
  C. Avoid confl icts of interest and situations that exploit others or misrepresent information 
  D. Accurately represent his or her experience, education, and credentialing 
  E. Promote equitable access to care 
  F. Collaborate with professional colleagues to create an environment that promotes communication and respect 
  G. Communicate and collaborate with others to promote ethical practice 
  H. Engage in ethical billing practices 
  I. Engage only in legal arrangements in the medical industry 
  J.  Report deviations from the Code of Ethics to institutional leadership for internal sanctions, local intervention, and/or 

criminal prosecution. The Code of Ethics can serve as a valuable tool to develop local policies and procedures. 

 (The Society of Diagnostic Medical Sonographers. Code of Professional Conduct for Diagnostic Medical Sonographers. Dallas, TX: SDMS; 
2006.) 

http://www.noca.org/ncca/ncca.htm
http://www.iso.org/iso/en/ISOOnline.frontpage
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do  accept the ARRT Breast certifi cation. 38  The ACR ac-
cepts either the ARDMS or the ARRT credential. 39  Each 
requires the proper education and credentialing of so-
nographers in the practice. Add to this the increasing 
requirements by third-party payers, such as Medicare—
which will only reimburse for examinations performed 
in accredited labs with certifi ed sonographers—and it 
becomes clear that anyone performing the sonographic 
examination has to have  credentialing. 

 The sonographer should become a member of a 
professional society in his or her area of practice, in 
this case, General and Women’s Health Imaging. Ex-
amples of s ocieties include the SDMS, the AIUM, or 
even the International Society of Ultrasound in Ob-
stetrics and Gynecology (ISUOG). Membership in a 
society brings with it the benefi ts of being part of a 
professional organization whose mission is to keep 
its members informed and competent. Among the re-
sources the SDMS and AIUM provides are education-
al guidelines, profi les of sonographer characteristics 
(including salary levels), peer-reviewed journals ( The 
Journal of Diagnostic Medical Sonography, Journal of 
Ultrasound Medicine, Ultrasound in Obstetrics and Gy-
necology ), and annual national and regional scientifi c 
meetings. It also keeps its membership informed of 
legislation and current societal trends that can affect 
the practice of ultrasound at the local, national, and 
international level. 

 SUMMARY 

 • The sonographic examination begins with entry of 
patient data into the EMR, RIS, and, if available, the 
MWL on the equipment. 

Registry of Radiologic Technologists (ARRT); however, 
the gold standard is still the test given by the American 
Re gistry of Diagnostic Medical Sonographers (ARDMS). 
The ARRT test contains general topics, whereas the AR-
DMS specifi es specialty areas such as Obstetrics/Gyne-
cology. A newer certifi cation for fi rst-trimester imaging 
is the  Nuchal Translucency Quality Review (NTQR), 
which provides testing to ensure quality and consisten-
cy in measuring the nuchal translucency and the nasal 
bone. 35  When deciding which test to take, be sure they 
are accepted by your facility’s accrediting body. 

 Passing a credentialing examination attests that the 
sonographer has a practicing level of knowledge in 
the specialties in which he or she is registered. The 
sonographer registered through the ARDMS can use 
the designation RDMS (registered diagnostic medical 
sonographer), whereas the ARRT allows the use of 
RT(S) (Sonography) for the general imaging test and 
the designation of RT(BS) for Breast Sonography 36  after 
his or her name. Several states require regional licen-
sure to practice, which requires presentation of ARDMS 
or ARRT credentialing. To maintain this status, the so-
nographer must compile 30 to 36 hours of continuing 
medical education (CME) credits every 3 years depend-
ing on the credential held. In a fi eld as dynamic as di-
agnostic ultrasound, keeping informed of innovations 
is imperative. Without CME maintenance, none of the 
testing bodies list the registrant on the web page direc-
tory search as an active member. 

 The AIUM accredits practices that image obstetric, 
gynecologic, abdominal, and breast ultrasound areas. 37  
Another governing body, the ACR, also accredits imag-
ing laboratories. The AIUM requires the ARDMS reg-
istry in the accrediting specialty areas; however, they 

  1. You have been asked to be part of a hiring commit-
tee for the sonography department. After  reviewing 
the applicants’ application material, you want to 
verify CME, ARDMS, and ASRT registry status. 
What resources would you use to perform this task? 
  ANSWER:  A visit to the ARDMS Directory of  Registrants 
lists most sonographers, whereas the ARRT Directory 
Search lists applicants with radiology and a sonogra-
phy registry. Current CME status results in a current 
status for sonographers registered with the ARDMS or 
ARRT. It is unadvisable to use copies of certifi cates or 
cards for verifi cation as these can easily be altered. 

  2. As a newly appointed CME coordinator, it is your 
 responsibility to fi nd and provide educational 
 opportunities for your fellow sonographers. What 
resources would you use to set up your own 
 program? How would you locate independent study 
activities at little or no cost? 

Critical Thinking Questions
  ANSWER:  A visit to the SDMS and ASRT website to lo-
cate the procedure for departmental CME award would 
be the fi rst step. These websites also provide links to 
other CME providers. Equipment  manufacturers offer 
complementary or low-cost credits. If your depart-
ment has purchased new equipment, the vendor may 
provide CME credit as part of a package. 

  3. An obstetrician’s offi ce would like to become 
 accredited to ensure quality sonographic examina-
tions. This offi ce images from the fi rst trimester 
to term, performing early pregnancy screening 
for aneuploidy. What is the fi rst step in becoming 
 accredited? 
  ANSWER:  Check with the ACR and AIUM for the 
accreditation requirements and choose one that 
best matches the clinic’s needs. Since the clinicians 
perform early screening for aneuploidy, sonographers 
will need to pass the NTQR certifi cation. 
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Obstet Gynecol . 2008;31(3):266–274. 

  30. Hata T, Dai SY, Inubashiri E, et al. Real-time three-dimen-
sional color Doppler fetal echocardiographic features of 
congenital heart disease.  J   Obstet Gynaecol Res . 2008;34(4 
pt 2):670–673. 

  31. Government Recognizes Diagnostic Medical Sonography as 
Independent Profession [press release]. Society of Diagnos-
tic Medical Sonography; March 18, 2002. http://www.sdms.
org/news/release03182002.asp. Accessed August 2009. 

  32. The U.S. Department of Labor. Occupational Outlook 
Handbook, 2008–2009 Edition. http://www.bls.gov/oco/
ocos273.htm. Accessed August 2009. 

 • The performing sonographer introduces himself or 
herself, confi rms patient identity through multiple 
methods (name, date of birth, exam, armband), and 
takes a history. 

 • Each imaging laboratory must develop an imaging 
protocol to ensure completeness of the exam and 
consistency between examinations. 

 • A transabdominal examination of the female repro-
ductive organs, either in a gravid or nongravid state, 
begins with an adequately full bladder. 

 • Transducer selection depends on the transducer 
footprint, body habitus, examination, and stage of 
pregnancy. 

 • Endovaginal and transperoneal examinations require 
covering of the transducer. 

 • There is general consensus of multiple entities, such 
as the FDA and NIH, that ultrasound examination 
should only be performed for a specifi c medical 
c ondition. 

 • Sonographers will always minimize the patient’s ex-
posure to ultrasound energy by effi cient scanning and 
by using the lowest exposure levels possible (ALARA). 

 • Professionalism is partially determined through 
obtaining certifi cation and maintaining registries 
through CME completion. 
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 Mesonephric ducts Connection between the meso-
nephros and the cloaca 

 Mesonephros Second stage of kidney development 
(aka wolffi an body) 

 Mesovarium Section of the uterine broad ligament that 
covers the ovary 

 Müllerian ducts (paramesonephric ducts) Paired 
ducts that become the oviducts, uterus, cervix, and up-
per vagina 

 Oocytes Female germ cells 

 Oogonia Immature oocytes 

 Paramesonephric ducts see müllerian ducts 

 Primordial germ cells Precursor of germ cells, become 
oocytes or spermatozoa in the adult 

 Pronephros Primary or fi rst kidney, which develops in 
the embryo 

 Wolffi an ducts see Mesonephros 

 Urogenital Pertaining to the urinary and genital system 

 GLOSSARY 

 Allantois Saclike vascular structure that lies below the 
chorion and develops from the hindgut 

 Atretic Blockage or absence of a structure 

 Broad ligament Fold of peritoneum that connects the 
uterus to the pelvis 

 Embryogenesis Formation of an embryo 

 Cloaca Cavity that is part of the development of the 
digestive and reproductive organs 

 Diploid Normal number of paired chromosomes 

 Gonadal ridges Structure that appears at approximately 
5 weeks’ gestation and becomes either ovaries or testes 

 Hydrometrocolpos Accumulation of secreted fl uid 
resulting in distention of the uterus and vagina due to 
obstruction 

 Hydronephrosis Urine collection in the kidneys due to 
distal obstruction 

 Hydroureter Large, sometimes tortuous, ureter due to 
distal blockage 

 KEY TERMS 

 embryogenesis  |  urogenital  |  primordial germ cells  |  mesonephros  |  pronephros  |  
inducer germ cells  |  mesonephric ducts  |  paramesonephric ducts  |  müllerian ducts  |  
external genitalia  |  wolffi an ducts 

 OBJECTIVES 

 Order the appearance of embryonic structures 

 Describe the fi rst-trimester Carnegie staging 

 Relate embryonic structures to the resultant adult organs 

 List the development stages of the female reproductive system 

 Explain the interconnectivity of the urinary and reproductive systems 

 Understanding female reproductive anatomy begins 
with a thorough knowledge of pelvis structure em-
bryogenisis. Imaging of the uterus and ovaries becomes 
complicated in the presence of developmental anoma-
lies due to changes in the normal sonographic anatomy. 
Understanding the developmental relationship between 
the urinary and reproductive systems requires a nor-
mal and abnormal development of both organ systems. 

Commonly, anomalies in either system result in coexist-
ing malformations in the other. The urogenital system 
easily images in utero and throughout a woman’s life. 
This allows for diagnosis of morphologic anomalies in 
all stages of life from fetal, neonatal, pediatric, repro-
ductive, and postmenopausal. 

 Carnegie staging, a method used to classify the embryo, 
places the embryo into categories depending on the age, 
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of the congenital anomalies unless other conditions re-
quire sonographic imaging. 

 These anomalies occur early in embryonic life. The 
following sections review the development of the fe-
male internal and external genitalia. 

 EXPRESSION OF GENDER IN AN 
EMBRYO 
 THE PRIMORDIAL GERM CELLS 

 The chromosomal gender or sex is determined in the 
fi rst Carnegie stage at fertilization with the fusion of 
the sperm and egg. 1  This stage is also called the pre-
embryonic phase, which lasts into the third week. 1  The 
female gamete (the ovum) always contains the X sex 
chromosome. The male gamete (the spermatozoon) 
contributes either an X (female) or Y (male). If the 
sperm contributes an X to the ovum’s X, the result is 
a female zygote (XX). If the male contributes a Y chro-
mosome, the result is a male zygote (XY). 6  Fertilization 
results in a diploid chromosome count of 46 with two 
sex chromosomes (XX or XY). 

 The primordial germ cells that express or produce fe-
maleness or maleness are fi rst discernible in the em-
bryo late in the third week to early in the fourth week 
(approximately the 17th day 1 ) after conception. This 
stage, the embryonic phase, begins in the fourth week 
and extends into the eighth. 1  The appearance of the 
primordial germ cells along with the primitive groove, 
streak, and node indicate Carnegie stage 6. 1  These germ 
cells differentiate from cells in the caudal part of the 
yolk sac, close to the allantois (a small diverticulum 
of the yolk sac that extends into the connecting stalk) 
(Fig. 2-1A). In the sixth week during Carnegie stage 17, 2  
the primordial germ cells migrate from the yolk sac 
along the allantois and into the gonadal cords. 6,7  The 
genital or gonadal ridges form simultaneously and are 
the precursors to the female ovaries and to the male tes-
tes. These ridges are located on the anteromedial sides 
of the mesonephros, the embryonic regions where the 
kidneys develop (Fig. 2-1B). 7  The urinary system and 
the reproductive system are intimately associated in 
origin, development, and certain fi nal relations. Both 
arise from mesoderm that initially takes the form of a 
common ridge (mesonephros) located on both sides of 
the median plane. This tissue appears during the sixth 
Carnegie stage at about 13 days postovulation. 2  Both 
systems continue to develop in close proximity; they 
drain into a common cloaca and slightly later into a 
urogenital sinus, which is a subdivision of the cloaca. 
Some parts of the urogenital system disappear after a 
transitory existence. 8  For example, by the fi fth develop-
mental week, the fi rst-stage kidney (pronephros) has 
differentiated and has already disappeared. 9  The fi nal 
set of kidneys forms at about days 31–38, during the 
14th and 15th Carnegie stage. 3  Certain common primor-
dia transform differently in males and females. 

size, and morphologic characteristics. The embryo devel-
ops structures in a specifi c order that remains constant. 
Since, as with any organism, each develops at a different 
rate, the segmentation of development allows for consid-
eration of morphologic development, regardless of dates. 1  

 Carnegie staging applies to the fi rst 8 weeks of the 
gestation and pertains to the organogenesis of the em-
bryo. The resulting 23 stages end after the 8th week 
when the fetal period begins. Carnegie stages will be 
included with each organ development chapter. This 
chapter covers the normal development of the female 
urogenital structures, including the correlating  Carnegie 
stages. Abnormalities of development are further dis-
cussed in the next chapter. 

 FETAL PERIOD 
 The genitourinary system encompasses two systems: 
reproductive (genito-) and urinary. These systems de-
velop in tandem in the embryo and retain the close as-
sociation in the adult. 

 Most congenital anomalies discovered in fetuses in ute-
ro occur in the genitourinary system, with urinary tract ab-
normalities accounting for about 50% of the total. 2  These 
anomalies represent a wide range, from complete agen-
esis of the kidney and ureters to partial malformations, 
duplications, and obstructions with concomitant cyst for-
mation. Prenatal ultrasound may also detect congenital 
anomalies in the ovaries, uterus, and vagina, especially 
when they enlarge and produce a pelvic mass.  Cloacal 
anomalies, which can result in hydrometrocolpos, are the 
result of obstruction of vaginal outfl ow in the female fe-
tus. 3  This hypoechoic mass posterior to the bladder com-
presses the urinary tract, causing obstructive uropathy 
demonstrated by hydronephrosis or hydroureter. 3  

 NEONATAL PERIOD 
 As in the fetal period, the most common mass le-

sions in neonates are of renal origin 4 ; however, ovarian 
cysts are known to be the most common intra-abdom-
inal lesion in the neonate. 5  Identify the normal urinary 
bladder, uterus, vagina, and (whenever possible) ova-
ries when imaging the pelvis in a newborn girl to rule 
out masses and obstructions. 

 PREMENARCHE THROUGH 
ADULTHOOD 
 The onset of puberty results in menstrual irregulari-
ties and, thus, a visit to the sonography lab. This often 
is the fi rst time any developmental abnormalities be-
come apparent. For example, in the patient with a du-
plicated uterus with one septate vagina, obstruction to 
menstrual fl ow from one side can present as unilateral 
hematocolpos. 6  In these patients, imaging of the kid-
neys becomes important as there are often associated 
anomalies. 6  Asymptomatic patients may not be aware 



 2 — Embryonic Development of the Female Genital System 23

named wolffi an bodies) or second-stage kidney and its 
mesonephric duct (previously named wolffi an ducts) 
have developed lateral to the gonadal ridges. 7,10  

 As the primordial cells are invading the ridges, an out-
er layer of fetal tissue called coelomic epithelium grows 
into the underlying mesenchymal tissue, or embryon-
ic connective tissue. Active tissue growth here forms 
a network, or rete, called the primitive sex cords (Fig. 
2-2). This rete forms anastomoses with a portion of the 
mesonephric duct, thus establishing the fi rst urogenital 

 INDUCER GERM CELLS 
 During the fi fth week of development, the primordial 
germ cells migrate by ameboid movement from their 
origin in the yolk sac along the dorsal mesentery. In the 
sixth week, they invade the gonadal ridges (Fig. 2-1B). 
If by chance they do not reach the ridges, the gonads 
cease to develop. Thus, these primordial germ cells act 
as inducers of the gonads. Note that at this time in devel-
opment (the sixth week), the mesonephros (previously 

BA

Cloaca

Yolk sac

Primordial
germ cells

Hindgut

HindgutForegut

Heart

Allantois Genital
ridge

Genital
ridge

Mesonephros

Mesonephric
duct

Paramesonephric
duct

Proliferating
body epithelium

Primitive
sex cords

Aorta

Primordial
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C

Figure 2-1 Future sperm and egg cells gather in the genital ridge. Gametes arise in the gut tube endoderm (A) and migrate through the 
dorsal mesentery (B) to receptive primitive sex cords that are proliferating in the genital ridge (C). (From Sadler TW. Langman’s Medical 
 Embryology. 10th ed. Baltimore, MD: Lippincott Williams & Wilkins, 2006. Figure 15.18a,b, p. 240; Figure 15.19, p. 249.)

Figure 2-2 Development of embryo on 
one side. Indifferent gonad stage; for-
mation of primitive sex cords.
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The primary oocyte with its surrounding granulosa cells 
is called a primordial follicle. Many undergo degeneration 
during childhood and adolescence, so that by puberty, ap-
proximately 500,000 remain. Between puberty and meno-
pause, approximately 300 to 400 fertile ova are produced. 7  

 GENITAL DUCTS 

 It is necessary to backtrack in time to trace the develop-
ment of the ductal system that occurs simultaneously 
with the development of the gonads (ovaries or testes). 
In the indifferent gonad stage (until the seventh week), 
the genital tracts of both male and female embryos have 
the same appearance and comprise two pairs of ducts. 
The mesonephric ducts arise from the second-stage kid-
ney, the mesonephros. The müllerian ducts (or parame-
sonephric ducts) arise from an invagination or pocket 
of coelomic epithelium lateral to the cranial end of each 
mesonephric duct. Growth progresses caudad, eventu-
ally hollowing out to form an open duct. 10  Development 
of the embryonic ductal system and external genitalia 
occurs under the infl uence of circulating hormones in 
the fetus. In males, fetal testes produce an inducer sub-
stance that causes differentiation and growth of the me-
sonephric ducts and inhibition of the müllerian ducts. 
In females, because the male inducer substance is ab-
sent, the mesonephric ducts regress while the müllerian 
ductal system, infl uenced by maternal and placental es-
trogens, develops into the fallopian tubes and uterus. 10,11  

connections in the embryo. After the degeneration of 
the second-stage kidney, the mesonephros—the male 
embryo—appropriates its mesonephric duct and con-
verts it into genital canals. These stages are similar be-
tween the two sexes, and it is impossible to determine 
gender through morphology. This stage of development 
is often termed the indifferent gonad stage. 6,7,10  

 In the seventh week, if the embryo is a genetic male, 
the primitive sex cords continue to proliferate and even-
tually give rise to the rete testis. If the embryo is a genetic 
female, the primitive sex cords break up into irregularly 
shaped cell clusters, which eventually disappear. They are 
replaced by a vascular stroma, a supporting tissue, that 
later forms the ovarian medulla (Fig. 2-3). 6,7  In a female 
gonad (the ovary), the outer layer of epithelium contin-
ues to proliferate, giving rise to a second group of cords, 
which eventually occupy the cortex of the ovary. These 
are the cortical cords, or Pluger’s tubules (Fig. 2-4). 10  

 In the fourth month, the cortical cords split into 
 isolated cell clusters, each surrounding one or more 
primitive germ cells. Now, the primitive germ cells dif-
ferentiate into oogonia, which divide repeatedly by mi-
tosis to reach a maximum number of 7 million by the 
fi fth month of prenatal life. Many oogonia subsequently 
degenerate, so at birth, their number is approximately 
1 million (Fig. 2-5). 7  

 The surviving oogonia differentiate into primary oo-
cytes during prenatal life and are surrounded by a single 
layer of granulosa cells derived from the cortical cords. 

Surface epithelium

Primary oocyte

Follicular cells

Paramesonephric duct

Mesonephric duct

Cortical
cords

Degenerating
medullary

cords

Ductuli efferentes

Urogenital
mesentery

Degenerating
mesonephric tubule

Paramesonephric
duct

Mesonephric
duct

Surface epithelium

A B

 Figure 2-3  A:  Transverse section of 
the ovary at the seventh week, show-
ing degeneration of the primitive 
(medullary) sex cords and formation 
of the cortical cords.  B:  Ovary and 
genital ducts in the fi fth month. Note 
degeneration of the medullary cords. 
The excretory mesonephric tubules 
(efferent ductules) do not communi-
cate with the rete. The cortical zone 
of the ovary contains groups of oogo-
nia surrounded by follicular cells. 

 Figure 2-4 Formation of the cortical cords. 
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 Figure 2-5 Differentiation of primitive germ cells into oogonia in the 
fourth month. 

 Figure 2-6 Formation of  uterovaginal 
canal, eighth week. Inset: ovary at fourth 
month, forming the oogonia. 

 The müllerian ducts fi rst extend downward paral-
lel to the mesonephric ducts, then turn medial in the 
lower abdomen, crossing anterior to the mesonephric 
ducts and fusing together in the midline to form a sin-
gle duct, the uterovaginal canal (Fig. 2-6). This fusion 
begins caudally and progresses up to the site of the fu-
ture fallopian tubes. In normal development, the mid-
line septum disappears by the end of the third month 
and the uterine corpus and cervix are formed. They are 
surrounded by a layer of mesenchyme, which eventu-
ally forms the muscular coat of the uterus (the myome-
trium) and its peritoneal covering (the perimetrium). 7,10  

 FORMATION OF THE FALLOPIAN TUBES 

 After the formation of the uterovaginal canal, the seg-
ment of each müllerian duct positioned above the junc-
tion of the inguinal ligament becomes a fallopian tube. 
The cranial orifi ce of the müllerian duct, which stays 
open to the peritoneal cavity, becomes the fi mbriae of the 

fallopian tube. Initially, the fallopian tube lies in a verti-
cal position. As development proceeds, it moves to the 
interior of the abdominal cavity to lie horizontally. This 
causes the ovary, which is attached to the fallopian tube 
by the mesovarium, to descend and fi nally to assume a 
position dorsal to the fallopian tube (Table 2-1, Fig. 2-7). 7  

 FORMATION OF THE BROAD LIGAMENT 

 As the müllerian duct fuses medially and the ovary is 
successfully located cranial and fi nally dorsal to the fal-
lopian tubes, the mesenteries follow these positional 
changes. 10  This movement causes the folds of the peri-
toneum to be elevated from the posterolateral wall, thus 
creating a large transverse pelvic fold called the broad 
ligament, which extends from the lateral sides of the 
fused müllerian ducts toward the wall of the pelvis. The 
fallopian tube will be located on its superior surface and 
on its posterior surface, the ovary (Fig. 2-7). The ovary is 
suspended by several structures: (1) the mesovarium is a 
double- layered fold of peritoneum that is continuous with 
the posterosuperior layer of the broad ligament. (2) The 
 proper  ligament of the ovary is a band of connective tis-
sue that lies between the two layers of the broad ligament 
and connects the lower pole of the ovary with the lateral 
uterine wall. (3) The suspensory ligament is a triangular 
fold of peritoneum that actually forms the upper lateral 
corner of the broad ligament. This ligament suspends 
both the ovary and the fallopian tube by its confl uence 
with the parietal peritoneum at the pelvic brim. 11  

 FORMATION OF THE VAGINA 

 The vagina has a dual origin: its upper region is derived 
from the mesodermal tissue of the müllerian ducts and 
its lower region is derived from the urogenital sinus. 
The urogenital sinus is the ventral half of the primi-
tive cloaca (hindgut) after it has been divided by the 
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 Figure 2-8 Formation of the vagina. 
 A:  Uterovaginal canal makes contact 
with wall of urogenital sinus.  B:  For-
mation of vaginal plate.  C:  Sino-
vaginal bulbs encircle the vaginal 
plate and elongate.  D:  Canalization 
of vaginal plate to form the vagina; 
separation of vagina and urogenital 
sinus by the hymen. 

 Figure 2-7 Fully developed female reproductive organs. 

urorectal septum. The upper portion of the urogenital 
sinus becomes the urinary bladder, and the lower por-
tion is divided into two portions: the pars pelvina, which 
is involved in the formation of the vagina, and the pars 
phallica, which is related to the primordia (developing 
organs) of the external genitalia. This can best be under-
stood by following the development of the vagina step by 
step. First, the distal end of the uterovaginal canal makes 
contact with the posterior wall of the urogenital sinus 
(Fig. 2-8A). As these structures fuse, a solid group of 
cells called the vaginal plate is formed (Fig. 2-8B). From 

the vaginal plate, two outgrowths (sinovaginal bulbs) 
surround the uterovaginal canal and fuse on opposite 
sides (Fig. 2-8C). If the sinovaginal bulbs do not fuse 
normally, a vagina with two outlets, or a vagina with 
one normal outlet and one atretic one, may  result. 7,10  

 After normal development, the center core of cells 
hollows out to form a lumen in the vagina. The va-
gina is now separated from the urogenital sinus only 
by a thin tissue plate, the hymen (Fig. 2-8D). The vag-
inal fornices, which surround the ends of the uterus 
( cervix), are thought to be of müllerian duct origin. 
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forming the labia minora through fusion of the pos-
terior portion resulting in the frenulum. These folds 
fuse in the posterior area to form the posterior labial 
commissure with anterior fusion forming the anterior 
labial commissure and mons pubis. The labia majora 
are the result of nonfused labioscrotal folds and cor-
relate to the male scrotum (Table 2-2, Fig. 2-9). 7,10,12,13  
By stage 23 (56 days), the external genitalia are com-
pletely formed. 1  

 SUMMARY 
 • Carnegie stages classify the embryo by age, size, 

and appearance of structures in the fi rst 8 weeks of 
 development. 

 • The reproductive (genital) and urinary systems develop 
simultaneously, resulting in coexisting malformations. 

 • Determination of chromosomal gender or sex occurs 
at the time of fertilization and is either female (46XX) 
or male (46XY) in the normal confi guration. 

 • Primordial germ cells appear in the third to fourth 
week during Carnegie stage 6 and migrate in the 
sixth week during Carnegie stage 17. 

 EXTERNAL GENITALIA DEVELOPMENT 

 As discussed earlier, in the fi rst few months of devel-
opment, the genitalia are undifferentiated. External 
development of the genitalia is similar in both sexes 
until approximately the ninth week. 12  Maternal estro-
gen is the promoting factor in the development of the 
female external genitalia. External genitalia include the 
lower portion (vestibule) of the vagina, vestibule, Bar-
tholin and Skene glans, the clitoris, labia minora and 
majora, and the mons pubis. 10,11  In the undifferentiated 
stage, the genital tubercle elongates while the labio-
scrotal swellings and urogenital folds develop lateral 
to the cloacal membrane at 44 to 48 days during stage 
18. 2  In both sexes, the genital tubercle becomes the 
primordial phallus. At this point, the primordial phal-
lus discontinues development to become the clitoris 
in the female, which is relatively large until the 18th 
week of gestation. 7  Gonadal gender can be determined 
in the male embryo at approximately the 44th day of 
gestation, which correlates with Carnegie stage 18. 1  
Gonadal gender for the female embryo appears later in 
Carnegie stage 20, which correlates to approximately 
the 49th day. 1  The labioscrotal folds continue to grow, 

Urethral fold

Urethral groove Tail (cut)

Anus

Genital
tubercle

Labioscrotal
swelling

A Indifferent
(approximately 5 weeks)

Penis

Glans penis

Scrotum

Urethral folds

Anus

Anus

Labioscrotal
swellings
(scrotum)

B Male development C Female development

Clitoris Urogenital
sinus

Urethral folds
(labia minora)

Anus

Labioscrotal
swellings
(labia majora)

Clitoris

Anus

Labia majora
Labia minora

At 10 weeks

Near term

Figure 2-9 Development of the external reproductive organs.
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 Critical Thinking Question 

 A 25-year-old patient presents to her clinician with the 
inability to become pregnant after a year of trying. The 
initial sonogram revealed what appears to be a bicornu-
ate uterus. Explain the development of this malforma-
tion and how this discovery would change your imaging 
procedure. ANSWER: Uterine malformations are due to 
improper fusion of the müllerian ducts. The reproduc-
tive (genital) and urinary systems develop simultane-
ously, resulting in coexisting malformations. If there is a 
uterine fusion malformation, it is quite probable that the 
kidneys also have some type of congenital anomaly. 
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Embryonic Origin of Adult Structures7,8,10,11

Embryonic 
Structure

Intermediate 
Structure Adult Structure

Indifferent gonad/
 primitive sex 
 cords

Genital/
  gonadal 

ridges

Ovary/testies

Cortical cords/
 Pluger’s tubules

Cortex of the ovary/
 primary oocytes

Mesonephros Wolffi an ducts Genital canals
Coelomic epithelium Müllerian 

 ducts
Fallopian tubes, 
  uterus, 

myometrium, 
perimetrium

Upper urogenital 
 sinus

Urinary bladder

Müllerian ducts/
  lower urogenital 

sinus

Vagina

Primordial phallus Glans of clitoris
Urogenital 
 membrane

Urogenital 
  groove/

folds

Labia minora

Labioscrotal 
 swellings

Labia majora

TABLE 2-2

 • Gonadal ridges (mesoderm), located on the anterome-
dial sides of the mesonephros, are precursors to the fe-
male ovaries and male testes, developing during Car-
negie stage 6 approximately 2 weeks postovulation. 

 • The fi rst-stage kidney (pronephros) forms during the 
fi fth week, and second-stage kidneys (mesonephros) 
form in the sixth week; the fi nal set of kidneys devel-
ops during Carnegie stages 14 and 15. 

 • Migration of the primordial germ cells into the go-
nadal ridge results in development of the gonads. 

 • Rete form the primitive sex cords and the fi rst anastomo-
ses with the mesonephric duct (second-stage kidneys), 
establishing urogenital connections in the embryo. 

 • In the seventh week, the primitive sex cords change 
and either proliferate (male) or degenerate (female). 

 • Müllerian ducts fuse to develop the normal uterus, 
also giving rise to the fallopian tubes; the broad liga-
ment is a fold of the peritoneum. 

 • The vaginal formation occurs through development 
of the urogenital sinus and the primitive cloaca. 

 • Genitalia are undifferentiated until Carnegie stage 18 
at approximately 44–48 days. 

 • During Carnegie stage 23, the external genitalia form. 

http://www.embryology.ch/anglais/iperiodembry/carnegie01
http://www.embryology.ch/anglais/iperiodembry/carnegie01
http://www.visembryo.com/
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Hematometrocolpos Accumulation of menstrual 
blood in the uterus and vagina caused by either an 
imperforate hymen or other obstruction

Hydrometra Accumulation of watery fl uid in the 
 uterine cavity

Hymen Ringlike area of tissue that represents the 
 opening to the vagina

Hysterosalpingography Radiographic imaging of 
the uterus and fallopian after injection of radiopaque 
 material

Imperforate hymen Usually congenital due to the 
failure of degeneration of central epithelial cells of the 
hymenal membrane. An imperforate hymen is visible 
upon examination as a translucent thin membrane just 
inferior to the urethral meatus that bulges with the 
Valsalva maneuver and completely covers the vagina; it 
must be surgically corrected.

Klippel-Feil syndrome Characterized by congenital fu-
sion of the cervical spine, a short neck, a low posterior 
hairline, and a limited range of cervical spine motion; as-
sociated with Mayer-Rokitansky-Küster-Hauser syndrome

GLOSSARY

Apoptosis Mechanism by which the uterine septum 
regresses

Cervical incompetence Medical condition in which 
a pregnant woman’s cervix begins to dilate and efface 
before her pregnancy has reached term. Cervical incom-
petence may cause miscarriage or preterm birth during 
the second and third trimesters.

Congenital Mental or physical traits, anomalies, mal-
formations, or diseases present at birth

Diethylstilbestrol (DES) Nonsteroidal drug  administered 
between the late 1940s and the early 1970s to pregnant 
women. This drug was the fi rst  demonstrated transpla-
cental carcinogen responsible for clear-cell vaginal carci-
noma in girls born to mothers who took the drug during 
pregnancy to prevent  miscarriage. Uterine malformations 
associated with DES exposure include uterine hypoplasia 
and T-shaped  endometrium.

Hematocolpos Accumulation of menstrual blood in 
the vagina resulting from a lower vaginal obstruction or 
imperforate hymen

Hematometra Retention of blood in the uterine cavity

KEY TERMS

arcuate uterus | bicornuate bicollis uterus | bicornuate unicollis uterus | diethylstilbestrol-
related anomalies | hysterosalpingography | Mayer-Rokitansky-Küster-Hauser syndrome | 
mesonephric ducts | müllerian duct anomalies | paramesonephric ducts | septate uterus | 
subseptate uterus | T-shaped uterus | unicornuate uterus | uterine agenesis | uterus 
didelphys | vaginal agenesis | wolffi an duct | Wunderlich-Herlyn-Werner syndrome

 3  Congenital Anomalies of the 
 Female Genital System
Faith Hutson

OBJECTIVES

Discuss normal and abnormal paramesonephric (müllerian) and mesonephric (wolffi an) 
duct development

Identify criteria to differentiate a bicornuate from a septate uterus

Compare different uterine fusion anomalies on sonographic, radiographic, and 
magnetic resonance imaging (MRI) studies

Explain treatment options for uterine anomalies

Relate uterine anomalies to possible renal positional and structural changes

Recognize the characteristic uterine appearance of a patient exposed to 
diethylstilbestrol (DES)

Summarize fertility and pregnancy outcomes for the patient with congenital anomalies 
of the uterus
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(wolffi an) ducts. At this phase in embryo development, 
the genital systems are identical, although there are cel-
lular differences. Wolffi an duct development precedes 
müllerian duct development and, for a brief period, the 
wolffi an ducts drain the primitive mesonephric kidney 
into the cloaca. In the absence of testosterone in the 
female fetus, the wolffi an ducts  degenerate, while the 
müllerian ducts develop bidirectionally along the later-
al aspects of the gonads. 2  The remaining vestiges of the 
wolffi an ducts provide a template for the developing 
müllerian ducts. Renal anomalies are associated with 
abnormal differentiation of the wolffi an and developing 
müllerian ducts. Renal agenesis is the most commonly 
associated anomaly, but duplicated collecting systems, 
cystic renal dysplasia, and crossed renal ectopia have 
all been described. 4  The proximal segments of the mül-
lerian ducts remain unfused and open into the perito-
neal cavity to form the fallopian tubes. The distal ductal 
segments join together to create the uterovaginal canal 
that forms the uterus, cervix, and upper four-fi fths of 
the vagina. 

 Although initially separated by a septum, by 10 
weeks, the müllerian ducts fuse at the inferior margin 
and the septum regresses to form the unifi ed body of 
the uterus and cervix (Fig. 2-3; Fig. 3-1). Regression of 
the septum occurs because of apoptosis, which is medi-
ated by the Bc12 gene. In the absence of this gene, the 
septum persists. 5  Recently reported cases range from 
a partial uterine septum limited to the uterine fundus 
to a complete septum extending from the fundus into 
the cervical canal. Occasionally, a longitudinal vaginal 
septum is also present. Even rarer are the cases of cer-
vical duplication in conjunction with complete uterine 
and vaginal septa. 5  All these various case presentations 
confound attempts at clinical diagnosis, make classifi -
cation diffi cult, and change pregnancy outcome predic-
tions. 

Uterine aplasia Complete absence of the uterus

Uterus arcuatus Mildest fusion anomaly, resulting in a 
partial indentation of the uterine fundus with a normal 
endometrial cavity; considered a normal variant

Uterus bicornis bicollis Anomaly that results in one 
vagina, two cervices, and two uterine horns

Uterus bicornis unicollis Anomaly that results in one 
vagina, one cervix, and two uterine horns

Uterus didelphys Anomaly that results in two vaginas, 
two cervices, and two uteri

Uterus unicornis unicollis Anomaly that results in one 
cervix and one uterine horn

Wunderlich-Herlyn-Werner syndrome Uterus didel-
phys with obstructed unilateral vagina and associated 
ipsilateral renal and ureter agenesis

Metroplasty Reconstructive surgery on the uterus used 
primarily to correct a septate uterus

Ostium (pl. ostia) A small opening, especially one of 
entrance into a hollow organ or canal

Paramesonephric (müllerian) ducts Paired embryonic 
tubes roughly parallel to the mesonephric ducts that 
empty into the urogenital sinus; in the female, the up-
per part of these ducts form the fallopian tubes and the 
lower parts fuse to form the uterus

Renal agenesis Absence of one or both kidneys

Septate uterus Complete failure of the median septum 
to be reabsorbed

Sinovaginal bulb Part of the vaginal plate of the urogeni-
tal sinus, which forms the lower 20% of the vagina

Subseptate uterus Partial failure of the median 
 septum to be reabsorbed

 C ongenital anomalies of the female reproductive or-
gans are rare, accounting for less than 5% of all  women. 1  
Because uterine abnormalities are usually not recog-
nized at birth, the actual incidence and prevalence of 
müllerian duct anomalies in the general population are 
not known. Most cases are diagnosed in the infertility 
or recurrent pregnancy loss populations. Other factors 
contributing to the unknown incidence include non-
standardization of classifi cation systems, differences in 
diagnostic criteria of study populations, and nonunifor-
mity in diagnostic procedures. 2  

 Uterine and vaginal malformations occur from any 
of the following complications: 

 1. Arrested development of the paramesonephric 
( müllerian) ducts 

 2. Failure of fusion of the müllerian ducts 
 3. Failure of resorption of the median septum 3  
 In 1979, Buttram and Gibbons proposed a classifi -

cation system based on the confi guration of the anom-
aly, its clinical symptoms, the treatment options, and 
prognosis. This classifi cation system, which has been 
 adapted by the American Fertility Society, provides a 
useful reference system when discussing congenital 
anomalies (Table 3-1). 

 EMBRYOLOGY 
 In the fetus, the undifferentiated gonads are induced to 
develop by germ cells that migrate from the yolk sac to 
the gonadal region at about 5 weeks’ gestation. These 
germ cells form the genital ridges, which become the 
sex cords. If the germ cells do not migrate to the go-
nadal region of the pelvis, the gonads and ovaries will 
not form. 4  

 At 6 weeks, gestational age, both male and female 
embryos have two sets of paired genital ducts: the 
paramesonephric (müllerian) and the mesonephric 
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TABLE 3-1

Classifi cation System of Müllerian Duct Anomalies

Class I

Hypoplasia or agenesis of: 

 A. Vagina
 B. Cervix
 C. Fundus
 D. Tubal
 E. Combined

Class II

Unicornuate:

 A1a. Communicating
 A1b. Noncommunicating
 A2. No cavity
 B. No horn

Class III

Uterus didelphys

Class IV

Bicornuate:

 A. Complete
 B. Partial
 C. Arcuate

Class V

Septate uterus:

 A. Complete
 B. Partial

Class VI

DES- and drug-related anomalies or Arcuate 

(From Buttram VC, Gibbons WE. Müllerian anomalies: a proposed 
classifi cation [an analysis of 144 cases]. Fertil Steril. 1979;32:40–46.)

 Because of newly reported cases, the classic theory 
of unidirectional (caudal to cranial) müllerian duct de-
velopment was challenged and the alternative theory of 
bidirectional development was proposed. According to 
this theory, fusion and resorption begin at the isthmus 
and proceed simultaneously in both the cranial and 
caudal directions. 5  This theory could explain anomalies 
such as a complete uterine septum with a duplicated 
cervix or an isolated vertical upper vaginal septum with 
a normal uterus. 4  

 While the uterovaginal canal develops, the sinusal 
tubercle begins to thicken, forming the sinovaginal 
bulbs of the urogenital sinus; this in turn forms the 
lower one-fi fth of the vagina. The uterovaginal canal 
is separated from the sinovaginal bulb by a horizontal 
vaginal membrane or plate; this plate elongates dur-
ing the third to fi fth months, and its interface with 
the urogenital sinus produces the hymen. The hymen 

typically ruptures during the perinatal period 4 ; if it does 
not, an imperforate hymen results. The diagnosis of an 
imperforate hymen is usually made at menarche, when 
a tense, bulging membrane is palpated. Sonography is 
very useful in imaging hematometrocolpos, a combi-
nation of menstrual blood, fl uid, and secretions in the 
distended vagina and uterus (Fig. 3-2). 

 The ovaries are not associated with müllerian duct 
anomalies because they are formed from the mesen-
chyme and the epithelium of the gonadal ridge and 
therefore are not affected by formation errors of the 
mesonephric and paramesonephric ducts. 

 ARRESTED DEVELOPMENT 
 Arrested development of the müllerian ducts can be ei-
ther bilateral or unilateral. Arrested bilateral develop-
ment is quite rare and produces agenesis or hypoplasia 
of the vagina and/or uterus. If the arrested development 
is unilateral, then there is development of a uterus uni-
cornis unicollis (one uterine horn and one cervix). 6  

 AGENESIS/HYPOPLASIA OF THE UTERUS 
AND VAGINA 

 Approximately 5% to 10% of müllerian duct anomalies 
are attributed to arrested development of the parameso-
nephric ducts; this produces either hypoplasia (partial 
arrestment) or agenesis of the vagina and uterus (com-
plete arrestment). 4  

 The most common manifestation of complete agene-
sis of the vagina and uterus is Mayer-Rokitansky-Küster-
Hauser (MRKH) syndrome, with a related 15% to 40% 
incidence of urologic abnormalities in diagnosed cases. 
Skeletal anomalies such as an absence of or fusion of 
the vertebra occur in 12% to 50% of cases, resulting 
in an association between MRKH and Klippel-Feil syn-
drome. 2,7  Hypoplasia (partial arrestment) is more rarely 
encountered and is characterized by a normal uterus 
and small vaginal pouch (Fig. 3-3). 

 Clinical signs present at puberty include primary amen-
orrhea with severe cyclic pelvic pain. Physical examina-
tion will probably reveal an obstructed uterus, resulting in 
hematometra (Fig. 3-4). Secondary sexual characteristic 
are present, indicating normal ovarian function. 

Treatment
 Both surgical and nonsurgical methods of treatment 
have been used. The nonsurgical techniques involve 
graduated dilators to progressively widen an opening, 
creating a neovagina; this process can take months 
or years before a functional vagina is formed. In the 
case of vaginal agenesis, vaginoplasty is used to cre-
ate a  vagina. Various surgical methods can be used 
depending on the surgeon’s preference and level of 
experience as well as the patient’s preference. One 
 successful method involves using the distal sigmoid 
colon to create a vagina. 2  



Ligament of ovary proper

Mesovarium

Corpus uter

Cervix

Fornix

Vagina

Suspensory ligament
of ovary

Round ligament
of uterus

Paroophoron

Gartner cyst

Fimbriae

Epoophoron
Cortical cords

of ovary

Mesonephros

Uterine canal

Paramesonephric
tubercle

Abdominal ostium
of uterine tube

Mesonephric duct

A B

Figure 3-1 A: Genital ducts in the female at the 
end of the second month. Note the parameso-
nephric (müllerian) tubercle and formation of the 
uterine canal. B: Genital ducts after descent of the 
ovary. The only parts remaining from the meso-
nephric system are the epoophoron, paroophoron, 
and Gartner cyst. Note the suspensory ligament of 
the ovary, ligament of the ovary proper, and round 
ligament of the uterus.

A B

C

Figure 3-2 A: This image demonstrates hematocolpos with the vagina distended 
with hemorrhagic material. The uterus is not involved. B: This young patient pre-
sented with primary amenorrhea and an abdominal mass. Ultrasound images re-
veal hypoechoic fl uid distending the uterus and vagina. Fine particulate debris is 
seen within the fl uid (blood). These fi ndings suggest vaginal outfl ow obstruction 
due to imperforate hymen. Nearly 800 mL of blood was drained during surgery on 
this patient. (Images courtesy of Joe Antony, MD, Cochin, India. From the  website 
at: http://www.ultrasound-images.com/fetus-general.htm.) C: Hematocolpos in a 
patient with uterus didelphys. Sagittal T2-weighted image of pelvis demonstrates 
large fl uid-fi lled vagina (arrows) compressing bladder (arrowheads). Note continuity 
of fl uid with superiorly displaced uterine horn (thin arrow).

 34
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 Pregnancy Outcomes 
 Pregnancy is incompatible with uterine agenesis. There 
is little possibility of reproduction for patients with 
uterine hypoplasia; this, however, depends on the de-
gree of hypoplasia and amount of functional endome-
trial tissue present. Since the ovaries are normal, oocyte 
harvesting can be done in women who want to have 
children with a surrogate. 

 Imaging Techniques 
 Hysterosalpingography (HSG) is not useful in the evalu-
ation of vaginal agenesis and hypoplasia. 

 With müllerian agenesis, there is no uterus or vagina 
identifi ed with transabdominal sonography, although 
the ovaries can typically be seen. Evaluation of a hypo-
plastic uterus or uterine remnant may be diffi cult due 
to peristalsing bowel loops. 

 MRI is often a compliment to sonography. Uterine 
agenesis and hypoplasia are best imaged in a sagittal 
plane, whereas vaginal agenesis is more easily demon-
strated in a transverse plane (Fig. 3-5). With müllerian 
agenesis, no identifi able uterus is seen on MRI; uterine 
hypoplasia demonstrates abnormal low-signal-intensity 
myometrium on T2-weighted images, with poorly de-
lineated zonal anatomy. Both the endometrial cavity 
and the myometrium are small. 4  

 VAGINAL SEPTUM 

 In addition to obstruction from vaginal agenesis, defects 
of vertical vagina fusion can result in the formation of 
a transverse vaginal septum, which can also cause ob-
struction and produce hematocolpos in patients having 
a uterus with functional endometrial tissue. 4  The most 
 frequent  location for this transverse septum is at the 

A

B
Figure 3-3 Mayer-Rokitansky-Küster-Hauser syndrome. A:  Sagittal 
T2-weighted image through the pelvis of a female patient with 
amenorrhea reveals absence of uterus with only small amount of fl uid 
occupying space between bladder and rectum (arrowhead). Solitary 
pelvic kidney (arrows) is noted. B: Axial fat-suppressed  T2-weighted 
image through lower pelvis in same patient as (A) shows normal ure-
thra (arrow) surrounded by high-signal-intensity periurethral veins. 
Vagina (arrowhead) lacks normal “H” shape.

Figure 3-4 A sagittal endovaginal image of a uterus with hematometra. 
(Image courtesy of Philips Medical Systems, Bothell, WA.)

Figure 3-5 Congenital absence of the lower one-third of the vagina. 
MRI demonstrates that a uterus is present (A) as well as an upper 
vaginal pouch (B). The upper vagina has formed a hematocolpos, 
which began soon after menarche and presented as a pelvic mass.



 36 PART 1 — GYNECOLOGIC SONOGRAPHY

junction of the upper and middle third of the vaginal 
canal. An imperforate hymen can mimic a low trans-
verse septum with resultant hematocolpos; however, 
imperforate hymen is not a müllerian duct anomaly, 
resulting in necessitating different treatment upon di-
agnosis. A transverse septum can occur with any type 
of müllerian duct anomaly, although it is most often 
associated with uterus didelphys. 

 Defects of lateral fusion produce longitudinal septa 
that are most often associated with septate and dupli-
cation anomalies; if there is obstruction, it is usually 
unilateral. 4  

 Treatment 
 With the presence of a uterus, surgical therapy is 
twofold: fi rst, the drainage of accumulated menstrual 
blood; and second, the preservation of a perineal space 
of adequate size to function as a normal vagina. 8  Most 
often, the septum can be excised through the vagina. In 
cases of high transverse septum, the septum is much 
thicker, making the surgical procedure more diffi cult. 9  

 Pregnancy Outcomes 
 Pregnancy outcomes for complete transverse vaginal 
septum are hard to ascertain because there has been 
little follow-up of the reproductive capacity of many 
of these patients. 9  Successful pregnancy outcomes on 
whether the anomaly is just in the vagina or if there is 
also uterine involvement, and also on the location of the 
transverse septum. Patients with a transverse septum in 
the middle or upper vagina are less likely to conceive 
than are those with a lower vaginal transverse septum. 9  
One theory is that retrograde menstrual fl ow through 
the uterus and fallopian tubes would occur earlier in pa-
tients with a middle or upper transverse septum, mak-
ing them more asymptomatic and predisposing them to 
endometriosis, whereas patients with a lower vaginal 
septum would have more vaginal distention and there-
fore a greater length of time from retrograde menses. 9  

 Imaging Techniques 
 HSG has no role in evaluating a transverse septum, giv-
en the inability to catheterize the cervix. 

 Vaginal anomalies, including transverse septa and 
duplicated vagina, can be challenging to image with so-
nography. Complete absence of the vagina is apparent 
by the missing normal central coapted vaginal echoes. 
When there is partial vaginal agenesis, ultrasound can 
be useful in identifying the atretic area by mapping out 
the section where no normal echoes are visualized. 

 Visualization of a discrete attenuated transverse sep-
tum is not always possible but can be inferred by the 
accumulations of blood in the vagina (colpos) or endo-
metrial canal (metra). The appearance of hematometro-
colpos is variable; most often, it is seen as a cystic mass 
with low-level echoes distending the endometrium and 
the vagina. 

PATHOLOGY BOX 3-1

Sonographic Appearance of Congenital 
Vaginal Anomalies

Anomaly Sonographic Appearance

Hydrocolpos or 
hematocolpos

Anechoic to hypoechoic 
 pear-shaped mass with no 
normal vaginal echoes located 
adjacent and posterior to the 
bladder

Vaginal septa Normal vaginal echoes
Double vagina  Either no signifi cant change in 

appearance of normal vagina 
or enlarged vagina; endovagi-
nal scanning may demonstrate 
second vagina

Absent vagina  Absence of normal vaginal echoes
Duplicated uterus 

with  unilateral 
imperforate 
vagina

Vagina appears normal; lateral to 
normal uterus, ananechoic or 
echo-fi lled mass might be seen. 
Kidney ipsilateral to mass is 
usually absent

Intact hymen  In postmenarchal  symptomatic 
 patient, possible  fi nding 
of hematocolpos or 
 hemato metrocolpos

Gartner duct cyst  Anechoic small mass in 
 anterolateral vagina

 With transabdominal scanning, the vaginal canal 
and the surrounding vaginal muscles should appear 
continuous with the cervix in a longitudinal plane. Ab-
sence of this continuity could indicate atresia, which 
can be further documented in the transverse plane. 

 The endovaginal approach should be performed 
with caution if there is suspicion of an atretic or absent 
vagina. The transperineal approach is also helpful in 
determining vaginal absence or obstruction. 

 Because of the complexity of these anomalies, MRI is 
an important diagnostic imaging tool, especially since 
 ultrasound can be limited by fi eld of view and distortion 
of anatomy due to hematometrocolpos. MRI can visual-
ize the vaginal septum and resultant hematometra or 
hematometrocolpos. The trapped blood demonstrates 
increased signal intensity on T1-weighted images and 
variable signal intensity on T2-weighted images owing 
to the variable age of the retained blood. 4  MRI multipla-
nar capability is very effective at delineating complex 
anomalies, any resultant distortion of the uterovaginal 
anatomy, and any secondary processes that can involve 
the ovaries and adnexa, such as endometriosis. 4  

 UTERUS UNICORNIS 

 This anomaly occurs when there is complete or incom-
plete failure of one müllerian duct to elongate while 
the other duct develops normally; this accounts for 
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between 2.4% and 13% of all müllerian duct defects. 
In three unrelated studies, researchers have reported 
a unicornuate uterus and ipsilateral ovarian agenesis 
leading to speculation that in some situations the uter-
us unicornis may be the result of agenesis involving all 
structures derived from the urogenital ridge rather than 
just the müllerian duct 2  (Fig. 3-6). 

 Although this defect may occur alone, it is frequent-
ly associated with a rudimentary horn on the opposite 
side. The rudimentary horn can have a uterine cavity 
with functional endometrium, and in some cases, there 
may be communication between the endometrium of 
the main horn and the rudimentary horn. If the non-
communicating rudimentary horn has functional endo-
metrial tissue, there will be either retrograde menses 
(often increasing the likelihood of endometriosis 3 ) or 
retention of menstrual blood (leading to hematome-
tra 6 ), depending on whether an opening into the pelvic 
cavity is present or not. Unexplained is the predomi-
nance of the unicornuate uterus to be on the right side. 4  
Associated urologic anomalies are common (44%), es-
pecially with an obstructed horn.  Urological anomalies 
include ipsilateral renal agenesis (67%), horseshoe kid-
neys, and ipsilateral pelvic kidney (15%) 2,10  (Fig. 3-7). 

 Treatment 
 With noncommunicating horns, resection is advisable 
for both symptomatic relief and because of the possibili-
ty of ectopic pregnancies through transperitoneal sperm 
migration. 4  Additionally, there is an increased incidence 
of endometriosis with the noncommunication sub-
group. Consideration should be given to the resection 
of a communicating rudimentary horn as well because 

 pregnancies that develop in there rarely produce viable 
offspring. Rudimentary horns without endometrial tis-
sue typically do not require surgical intervention. 4  

 Pregnancy Outcomes 
 Numerous studies have all concluded that the unicornu-
ate uterus has the poorest overall productive outcomes 
of all the uterine anomalies. Reported spontaneous abor-
tion rates range from 41% to 62%, whereas premature 
birth rates range from 10% to 20%. Reproductive prob-
lems are  attributed to abnormal uterine vasculature and 
diminished myometrial mass. Other common obstetric 
complications include ectopic pregnancy (4.3%), missed 
abortion, uterine rupture, intrauterine growth restriction, 
and abnormal fetal lie or maternal death (0.5%). 4  

 Imaging Techniques 
 Upon instillation of contrast medium with HSG, the en-
dometrium appears fusiform, draining into a solitary 
fallopian tube. The uterus typically is shifted away from 
midline. HSG is unable to delineate noncavitary and 
noncommunication rudimentary horns 8  (Fig. 3-8). 

 Two-dimensional (2D) vaginal sonography without 
HSG is less sensitive in identifying the unicornuate uter-
us, probably because the single cavity of the unicornu-
ate uterus can be confused with a normal uterine cav-
ity. 8  Recent studies have found that three-dimensional 
(3D) sonography with multiplanar imaging is very effec-
tive in the  diagnosis and classifi cation of müllerian duct 
defects. 11  With major müllerian duct defects, various 
authors  reported the  sensitivity and specifi city of endo-
vaginal 3D ultrasound were both 100%, compared with 
100%  sensitivity and 95% specifi city for endovaginal 

PATHOLOGY BOX 3-2

Sonographic Appearance of Uterine Anomalies

Anomaly

Sonographic Appearance

Nonpregnant Uterus Pregnant Uterusa

Cervical atresia No cervical echoes but corpus of uterus appears as 
echogenic mass

Uterine agenesis Absence of echoes in area of uterus or small 
 remnant of apparently fi brous tissue

Unicornuate uterus Normal to slightly asymmetric uterus, loss of pear 
shape, lateral  displacement

In advanced pregnancy, no abnormalities 

Didelphic uterus Double cervix, uterine corpora, enlarged uterus, 
two endometrial canal echoes visualized

Pregnancy in one uterus; decidual reaction 
and enlarged other

Bicornuate uterus Dependent on degree of cleft between horns; broad 
uterine fundus, two distinct cornua, with a cleft 
between them of over 1 cm and angle between 
horns of over 75 degrees, two endometrial cavity 
echoes or normal-looking uterus

Eccentric implantation of gestational sac

Subseptate uterus Depends on extent of septum (partial or complete). 
Undivided and widened fundus, convex or fl at in 
contour. Two endometrial echoes might be seen 
until fusion of endometrium

Thick septum might be seen in early 
 pregnancy. Sac might extend across septum. 
Differentials include large ovarian cyst, 
 degenerated cystic fi broid, ectopic gestation

aAfter 22 weeks’ gestation, most anomalies cannot be visualized.
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Double uterus (didelphys)
and double vagina

Uterus bicornuate

Uterus duplex bicornis

Uterus unicornuate

Complete septate uterus Subseptate uterus

Figure 3-6 Uterine anomalies. Uterine fusion abnormalities include double uterus, double cervix, double vagina, uterine duplex bicornis, 
bicornuate uterus single cervix, unicornuate uterus, septated uterus, and subseptate uterus.
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and storage of volume data, which can be reviewed ret-
rospectively. Coronal views record the relationship of 
the myometrium and the endometrium. 

 On MRI, the unicornuate uterus is curved and elon-
gated, with the external uterine contour having a ba-
nana-shaped appearance. Uterine volume is reduced, 
although there is normal zonal anatomy of the myome-
trium. The endometrium may be uniformly narrow or 
it may taper at the apex, giving a bullet shape. If pres-
ent, the appearance of the rudimentary horn is variable. 
When the  endometrium is absent, the horn has low sig-
nal intensity, with a loss of normal zonal anatomy. If 
the rudimentary horn has endometrial tissue, normal 
zonal anatomy may be preserved. 4  

 FAILURE OF FUSION 
 Partial fusion failure results in either a uterus bicor-
nis  bicollis (one vagina, two cervices, and two uterine 
horns) or a uterus bicornis unicollis (one vagina, one 
cervix, and two uterine horns). A uterus arcuatus is 

2D ultrasound. However, the largest difference was the 
positive predictive value, with 100% for 3D compared 
with 50% for 2D sonography. 6  3D sonography can im-
age in the coronal plane, which 2D sonography cannot 
since there is limited mobility of transducer without the 
confi nes of the vagina. This coronal plane can show the 
relationship of the myometrium and the endometrium 
at the uterine fundus, delineate the entire endometrial 
and cervical canals, and visualize the cornual angles 
and external uterine contours. 4  Since all potential imag-
ing planes are captured within the volume data set on 
3D sonography, there is no loss of information, which 
is a possibility with selected static 2D images (Fig. 3-9). 

 Sonohysterography, also called saline-infused sonog-
raphy (SIS), uses a saline injection to distend the uter-
ine cavity, separating the walls of the uterus and high-
lighting any defects. Using 3D coronal imaging while 
the uterine cavity is distended with saline reduces the 
time the uterus is distended, thereby reducing pain for 
the patient. It also facilitates visualization of endome-
trial irregularities and provides immediate acquisition 

Renal artery

Aorta

Ureter

Inferior
mesenteric

artery
Aorta

Common iliac artery

Ureters

Adrenal gland

Inferior vena cava

Pelvic kidney

A B

C

Figure 3-7 A: Unilateral pelvic kidney showing 
the position of the adrenal gland on the affect-
ed side. B,C: Illustration and photomicrograph, 
 respectively, of horseshoe kidneys showing the 
position of the inferior mesenteric artery. BW, 
bladder wall; U, ureters.
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usually at the isthmus with communication of the en-
dometrial cavities. In the bicornuate unicollis, the in-
tervening muscular septum extends to the internal 
 cervical os, while the cleft of the bicornuate bicollis can 
be of variable length. 4  

 It is extremely important to distinguish between a 
bicornuate and a septate uterus because the pregnancy 
outcomes and treatment techniques differ considerably. 

 Treatment 
 Generally, surgical intervention is not indicated; how-
ever, Strassmann metroplasty has been advocated for 
women with a history of recurrent miscarriage (RM) 

considered either a very mild form of the bicornuate 
uterus or a normal variant. It results in a partial inden-
tation of the uterine fundus with a normal endometrial 
cavity. Complete fusion failure produces a uterus didel-
phys (two vaginas, two cervices, and two uterine horns). 

 BICORNUATE UTERUS 

 The bicornuate uterus accounts for approximately 10% 
of all the müllerian duct anomalies. Troiano et al. lists 
at least six variations of the bicornuate uterus with 
longitudinal upper vaginal septa coexisting in 25% of 
bicornuate uteri. 4  The two cornua are fused caudad, 

A

B C
Figure 3-8 A: Radiograph of the normal uterus and uterine tubes (hysterosalpingogram). Radiopaque material was injected into the uterus 
through the external os of the uterus. The contrast medium has traveled through the triangular uterine cavity and uterine tubes (arrowheads) 
and passed into the pararectal fossae of the peritoneal cavity (lateral to the arrowheads). (C) Catheter in the cervical canal. B: The hysterogram 
is suggestive of a unicornuate malformation. The exam reveals nonsymmetrical horns with the left horn developed more than the right horn. 
C: Hysterogram suggestive of a unicornuate uterus.
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who have no other infertility issues. The Strassmann 
procedure removes the muscular septum by wedge 
resection to unify the two cavities. Few studies have 
demonstrated the benefi ts of metroplasty with this type 
of anomaly. Cervical  incompetence has been reported 
in about 38% of  bicornuate uterus anomalies, and the 
placement of a cervical cerclage has been reported to 
increase fetal survival rates. 4  

 Pregnancy Outcomes 
 Women with bicornuate uterus but no other extrauter-
ine infertility issues usually have no diffi culty con-
ceiving; however, maintaining a healthy pregnancy 
is another  issue. The reported spontaneous abortion 
rates for bicornis bicollis uteri range from 28% to 
35%. Premature birth rates range from 14% to 23%, 
and fetal survival rates range from 57% to 63%. In 
women with bicornis unicollis uteri, the rates of spon-
taneous abortion and premature delivery are even 
higher 4,12 (Fig. 3-10). 

 Imaging Techniques 
 HSG cannot reliably distinguish bicornuate from sep-
tate uteri because the radiographic appearance has a 

great degree of overlap and because the external uter-
ine contour cannot be evaluated (Fig. 3-11). 

 Sonographic imaging should be performed during 
the secretory phase of the endometrial cycle, when the 
 endometrial echo pattern is more easily identifi ed. Cor-
rect classifi cation depends on identifi cation of a large 
fundal cleft with divergence of the uterine horns. 3D en-
dovaginal  sonography is very useful for all the müllerian 
duct anomalies but especially in making the distinction 
between  bicornuate and septate anomalies (Fig. 3-12). 

 MRI can defi nitively make the distinction when bicor-
nuate uterus is suspected. There is increased intercor-
nual distance, usually greater than 4 cm, and a concave 
cleft in the external fundal uterine contour measuring 
deeper than 1 cm (Fig. 3-13). The fundal contour is best 
visualized in an oblique coronal plane, along the long 
axis of the uterus. Typically, the septum exhibits signal 
characteristics identical to the myometrium. 3  

 UTERUS DIDELPHYS 

 Uterus didelphys is defi ned as the complete midline 
failure of müllerian duct fusion. The result of failure 
of fusion is the production of two hemiuteri each with 
their own endometrium and vagina. Each hemiuteri is 
associated with one fallopian tube and there is no com-
munication between the duplicated endometrial cavi-
ties. Ovarian malposition may also be present. 2   Uterus 
didelphys comprises approximately 5% of uterine 
anomalies. 

 Women with nonobstructive uterus didelphys are 
typically asymptomatic, although it may be diagnosed 
at menarche with tampon use if these fail to obstruct 
menstrual fl ow. With obstructive uterus didelphys, the 
most common presenting symptoms are onset of dys-
menorrhea after the onset of menses and progressive 
pelvic pain. Physical examination may detect a unilat-
eral pelvic mass seen twice as often on the right side. 2  

Figure 3-9 Failure of one of the müllerian ducts to form properly re-
sults in the development of a unicornuate uterus. A rudimentary horn 
may accompany this malformation. The small horn may have a cavity 
containing endometrial tissue. Usually the rudimentary horn remains 
separate but may have access to the main body of the uterus. (Image 
courtesy of GE Healthcare, Wauwatosa, WI.)

Figure 3-10 Gravid bicornuate uterus. Coronal Half-Fourier Acquired 
Single-shot Turbo spin Echo (HASTE) image demonstrates second 
uterine horn (arrow) in pregnant patient with bicornuate uterus.
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 Treatment 
 Resection of the vaginal septum is indicated for an ob-
structed unilateral vagina. Unless removed after diag-
nosis, hematometra is present and possibly retrograde 
menses leading to hematosalpinx, endometriosis, and 
possibly pelvic adhesions. Without obstruction, there 
is little indication for surgical unifi cation of the uteri; 
cervical unifi cation is diffi cult and can result in cervical 
incompetence or stenosis. 

 Pregnancy Outcomes 
 Given the low incidence of uterine didelphys, less data 
are available about the reproductive outcomes; however, 
they are reported to be better than for women with unicor-
nis uterus. Compiled data from two studies revealed the 
following information from 86 pregnancies: 21 (24.4%) 
preterm deliveries, 59 (68.6%) live births, 2 (2.3%) 
ectopics, and 18 (20.9%) spontaneous abortions. 2,4  

 An unusual fi nding of uterus didelphys is the abil-
ity to have intercourse in both vaginas. Simultaneous 
pregnancies can occur in each uterus and, although it 
is rare, it is well documented. The twins are always 
dizygotic, and each pregnancy should be regarded as a 
separate entity since the delivery of twins can be widely 
spaced apart, ranging from 3 hours to 8 weeks between 
the deliveries. 1  It is speculated that labor is complete in 
one uterus fi rst then followed by the second; lactation 
is reported to occur after the birth of the second twin. 
Delivery management also varies with some authorities 
believing that vaginal delivery is safe, whereas others 
advocate cesarean delivery. Some reported complica-
tions include unilateral premature labor and unilateral 
placental abruption. 2  

Endometriosis and pelvic  adhesions are secondary to 
vaginal obstruction and retrograde menstrual fl ow. 

 Uterus didelphys, more than any other müllerian 
anomaly, is associated with renal agenesis. The reported 
incidence of renal anomalies is 20%. Uterus didelphys 
with obstructed unilateral vagina is more frequently 
associated with ipsilateral renal and ureter agenesis; 
this condition is called Wunderlich-Herlyn-Werner syn-
drome. Numerous case reports of this syndrome have 
been published between 2000 and 2004 due to the in-
creased use of MRI. 2  

Figure 3-12 Incomplete fusion of the müllerian ducts results in a 
 bicornuate uterus. This anomaly has communication of the two 
uterine cavities with fusion of the lower uterine segment and cer-
vix. Note the characteristic midsaggital indentation of the fundus on 
the Z plane and 3D reconstruction on this multiplanar image. This 
 image represents a bicornuate bicollis uterus. (Image courtesy of GE 
Healthcare, Wauwatosa, WI.)

A

B
Figure 3-11 A: Hysterosalpingogram demonstrating a large uterine 
septum. This cannot be distinguished from a bicornuate uterus in the 
 absence of careful evaluation of the external contour of the uterus. 
(Courtesy of Sherif G. Awadalla, MD.) B: Hysterosalpingogram show-
ing a bicornate uterus. 1 and 2, uterine cavity; I, isthmus of tube; E, 
cervical canal; F, uterine tube. (Courtesy of C.E. Stuart and David F. 
Reid. In  Copeland LJ. Textbook of Gynecology. Philadelphia, PA: WB 
Saunders; 1993.)
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late secretory phase when the endometrium is at its 
thickest and most echogenic. Hematometrocolpos will 
be visualized if there is unilateral obstruction. 

 MRI also demonstrates two separate uteri, two sep-
arate endometria, two separate cervices, and many 
times, an upper vaginal septum. Each uterus has nor-
mal zonal anatomy, and the endometrial-to-myometrial 
ratio is intact. An obstructed unilateral vaginal septum 
shows variance of deformity depending on the degree 
of  hematometrocolpos. 4  

 FAILURE OF RESORPTION 

 The resultant failure of median septum resorption is a 
septate uterus (complete failure) or subseptate uterus 
(partial failure). This leads to complete or partial dupli-
cation of the uterine cavities without duplication of the 
uterine horns, since complete fusion of the müllerian 
ducts has already taken place. Failure of resorption is 
the most common, occurring in approximately 55% of 
all  müllerian anomalies. 4  

 The septum is composed of poorly vascularized fi -
bromuscular tissue. Numerous variations of septum 
formation exist. There is the complete septum, which 
extends from the fundus to the internal os, dividing the 
endometrium into two halves; this is associated with a 
longitudinal vaginal septum. There is the partial sep-
tum, which typically does not extend down to the inter-
nal os. Another variant consists of the triad of complete 
septum, duplicated cervix, and vaginal septum and may 
be more common than previously reported. Addition-
ally, some septa have segments and may permit partial 
communication between the endometrial cavities. 

 The most common presenting symptoms are dyspa-
reunia, dysmenorrhea, and infertility—either primary 
or secondary. 2  A very rare variant is the Robert uterus, 
which is characterized by a complete septum and non-
communicating hemiuteri with a blind horn. This anom-
aly presents with hematometra and dysmenorrhea. 2  

 Treatment 
 The septate uterus is typically treated by hysteroscopic 
resection of the septum. The decision for surgical cor-
rection should be based on poor reproductive outcome 
rather than just on the presence of a septum. 2  Candidates 
for septal resection are women having recurrent sponta-
neous abortions, second-trimester loss, or history of pre-
term delivery. Controversy surrounds surgical manage-
ment for women with complete septate uterus, duplicate 
cervix, and septal defects of the vagina. Some specialists 
advocate the removal of the vaginal septum, whereas 
others argue that this will increase the risk of cervical 
incompetence and likelihood of surgical complications. 2  

 Pregnancy Outcomes 
 Although fertility with the septate uterus is not typi-
cally compromised, this anomaly is associated with 

 Imaging Techniques 
 With uterus didelphys, HSG demonstrates two separate 
endocervical canals, each opening into separate endo-
metrial cavities. There is no communication between 
the uterine horns. Each endometrial cavity ends in a 
single fallopian tube. If there is unilateral obstruction, 
only one cervical os may be visualized. 

 With sonography, especially 3D endovaginal imag-
ing, separate diverging horns are visualized with a large 
fundal cleft. The endometrial cavities are separate with 
no communication; two separate cervices should be 
documented. Transverse images best visualize duplica-
tions of the cervix and uterus. Optimal visualization of 
the endometrial and cervical echoes is best during the 

A

B
Figure 3-13 Uterine variants. A: Bicornuate uterus. Note large sepa-
ration between uterine horns (arrows) and deep fundal cleft (arrow-
head). B: Subseptate uterus. Note lack of fundal cleft (arrow) at site 
of thick septum.
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an angle of less than 75 degrees between uterine horns 
suggests a septate uterus, whereas an angle of more 
than 105 degrees is more defi nitive of bicornuate uteri. 
Unfortunately, there is considerable overlap between 
these two anomalies, and the presence of myomas or 
adenomyosis within the septum can widen the angles 
of divergence, making the correct diagnosis more diffi -
cult. 11  Tubal patency and the length and thickness of the 
septum can, however, be assessed with HSG. 2  

 With the sonographic orthogonal view, a line can be 
drawn between the apices of the endometrium at the 
level of the ostia. If the fundal indentation of the exter-
nal uterine contour is below the interostial line or less 
than 5 mm above the line, the uterus is either didelphic 
or bicornuate. If the fundal indentation is more than 
5 mm above the interostial line, the anomaly is septate 
uterus. 4  Combining 3D sonography with color Doppler 
resulted in 95% sensitivity and 99.3% specifi city for 
septate diagnosis 2  (Figs. 3-14 and 3-15). 

the poorest reproductive outcomes of all the mülleri-
an duct  anomalies. Compilation of data from several 
sources indicates that the spontaneous abortion rate is 
between 26% and 94%, 2,4  premature birth rates range 
from 9% to 33%, and fetal survival rate ranges from 
10% to 75%. 4  Numerous septal biopsies demonstrate 
large amounts of muscular tissue rather than the pre-
viously thought connective tissue. Troiano et al. and 
Dabirashrafi  et al. theorize that the decreased connec-
tive tissue may result in poor decidualization and im-
plantation, while the increased muscular tissue could 
result in increased contractibility and thus the pro-
pensity for spontaneous abortions. 4,8  Narrowing of the 
uterine cavity by the septum is also an implication in 
poor pregnancy outcomes. 

 Imaging Techniques 
 The accuracy of differentiating septate uterus from bi-
cornuate uteri with HSG alone is only 55%. In general, 

A B

C
Figure 3-14 A: A multiplanar reconstruction of a normal uterus. Notice the triangular endometrial shape and the smooth outer contour (open 
arrow). B: The triangular septation extending into the endometrium (arrow) and the maintenance of the rounded outer contour of the uterus 
would result in a diagnosis of a partial septation or subseptate uterus. (Images courtesy of Philips Medical Systems, Bothell, WA.) C: A septation 
extending from the fundus to the cervix is considered a complete septate uterus. (Image courtesy of GE Healthcare,  Wauwatosa, WI.) 
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A B

C D
Figure 3-15 A–C: Serial transverse images from the lower uterine segment to the fundus demonstrate the characteristic appearance of the 
two endometria seen with the septate or didelphic uterus. D: If the coronal reconstruction of the uterus has less than a 1 cm indentation, then 
the malformation is considered septate rather than bicornuate. (Images courtesy of Derry Imaging Center, Derry NH Robin Davies, Ann Smith, 
and Denise Raney.)

 On MRI, the septate uterus has a normal fundal con-
tour with outward fundal convexity, but each endome-
trial cavity appears smaller than a normal cavity. There 
is low signal intensity for the septum 2  (Fig. 3-16). 

 ARCUATE UTERUS 

 With this anomaly, there is only a mild indentation of 
the endometrium at the fundus because of near com-
plete resorption of the uterovaginal septum. Buttram 
and Gibbons originally classifi ed the arcuate uterus 
as a subclassifi cation of the bicornuate; the American 
Fertility Society reclassifi ed the arcuate under a sepa-
rate classifi cation because of its complete fundal uni-
fi cation; however, classifi cation remains problematic, 
since it is unclear whether this is a true anomaly or an 
anatomic variant of normal 4 (Fig. 3-17). 

 Treatment 
 As with the bicornuate, no surgical treatment is indicated. 

 Pregnancy Outcomes 
 There is a great amount of confl icting data concerning 
the reproductive outcomes of the arcuate uterus. Both 
negative and positive obstetric outcomes have been 
reported. In the RM population, the arcuate uterus is 
approximately 12%, more than threefold the preva-
lence of the general fertile population. 8  According to a 
study by Woelfer et al., women with arcuate uteri tend 
to miscarry more often during the second trimester, 
whereas women with septate uteri more often mis-
carry during the fi rst t rimester. 8  

 According to Troiano et al., when there is a ratio of 
less than 10% between the height of the fundal indenta-
tion and the distance between the lateral apical horns, a 
good pregnancy outcome is expected. 4  

 Imaging Techniques 
 HSG demonstrates a single uterine cavity with a broad 
saddle-shaped indentation of the uterine fundus. 
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and for DES daughters older than 50 the relative risk 
is estimated to be even higher. 13  A common structural 
malformation associated with this drug exposure is the 
T-shaped endometrium. It is estimated that 2 to 3 mil-
lion women received DES, exposing 1.0 to 1.5 million 
offspring in utero; the negative repercussions on repro-
ductive potential will probably continue for the next 10 
to 15 years. 4  

 DES interferes with embryonic development of the 
mesenchyme of the genital tract. Anomalies of the uterine 
corpus, endometrium, cervix, and vagina have all been 
reported; however, not all women exposed to DES have 
reproductive problems. Reproductive complications 
depend on the amount of DES ingested and the ges-
tational age of the fetus at exposure. If the drug was 

 A broad smooth indentation on the fundal portion 
of the endometrium can be discerned with sonogra-
phy. The fundal indentation is best demonstrated in the 
transverse view (Figs. 3-18 and 3-19). 

 A normal external uterine contour is appreciated 
with MRI. The fundal indentation is smooth and broad, 
and the signal is isointense to the normal myometrium. 
MRIs can sometimes show a subtle indentation of the 
peripheral subserosal arcuate vessels at the level of the 
 fundus. 4  

 DIETHYLSTILBESTROL-EXPOSED 
UTERUS 
 DES is an estrogen that was fi rst introduced in 1948 and 
prescribed to women experiencing pregnancy complica-
tions, including premature deliveries and repeat spon-
taneous abortions. The drug was discontinued in 1971 
after it was proven that in utero exposure caused clear 
cell carcinoma of the vagina. The incidence of clear cell 
carcinoma development is 0.14 to 1.4 per 1,000 women 
exposed. 4  DES daughters over age 40 are nearly twice 
as likely as unexposed women to get breast cancer, 

Arcuate

Figure 3-17 Müllerian duct anomaly, arcuate—Schematic represen-
tation of developmental anomaly of the müllerian duct involving an 
arcuate uterus.

Figure 3-18 This image demonstrates bilateral hydrosalpinx ob-
structing the fallopian tubes at the fi mbriated ends. The character-
istic saddle-shaped indentation (arrow) indicates an arcuate uterus.

A B
Figure 3-16 A: This axial MRI T2-weighted image demonstrates a septate uterus. Taken at the mid uterine (small arrow) level, the image shows 
a single uterine horn with two endometrial canals divided by a septum (large arrow) M, myometrium. B: Compare to the bicornuate uterus axial 
T2-weighted image showing two uterine horns of similar size with functioning endometrium (E).
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administered very early in the fi rst trimester or after 
22 weeks’ gestation, structural anomalies are not likely 
to occur 4  (Fig. 3-20). 

 TREATMENT 

 The author found no sources recommending surgical 
 repair of a small, T-shaped, DES-exposed uterus since 
the benefi ts have not been established and the risks are 
high. The risk factors include severing of a major uter-
ine artery branch, resulting in hemorrhage putting the 
woman at a high risk for hysterectomy and signifi cant 
morbidity or even mortality. 

 PREGNANCY OUTCOMES 

 There is little evidence that women exposed to DES 
in utero have decreased conception rates; rather, they 
have a twofold increased risk of spontaneous abor-
tions and a ninefold increased risk of ectopic preg-
nancy. Numerous studies also show increased risk of 
premature labor and perinatal mortality. 4  There are 
reports of cervical  incompetence from both structural 

Figure 3-19 A 3D multiplanar reconstruction of a uterus demon-
strating an arcuate uterus. (Image courtesy of Philips Medical Sys-
tems, Bothell, WA.)

changes and  histologic changes such as abnormal 
smooth muscle-to-collagen ratio and  decreased cervi-
cal elastin. 4  

 IMAGING TECHNIQUES 

 Approximately 69% of DES-exposed women have uter-
ine anomalies visualized with HSG; perhaps the most 
commonly associated anomaly is a T-shaped endome-
trial  cavity, which is seen in 31% of exposed women. 
Other uterine abnormalities include constriction bands, 
small hypoplastic uterus, widened lower uterine seg-
ment,  irregular endometrial margins (including a nar-
rowed fundal segment of the endometrial canal), and 
intraluminal fi lling defects. Cervical anomalies occur in 
44% of patients and include hypoplasia, anterior cer-
vical ridge, cervical collar, and pseudopolyps. Cervical 
hypoplasia and cervical stenosis can make cannula in-
sertion for HSG diffi cult. Fallopian tube anomalies are 
also visualized with HSG, including foreshortening of 
the tube, sacculations and fi mbrial  stenosis, and defor-
mities 4  (Fig. 3-21). 

 3D multiplanar endovaginal sonography is valuable 
in imaging the hypoplastic uterus and T-shaped uter-
ine cavity. 3D ultrasound can also evaluate the internal 
and external uterine contours, which HSG cannot. 3,6  
Doppler ultrasound studies have shown an increased 
uterine artery pulsatility index (PI), which indicates de-
creased uterine perfusion 4  (Fig. 3-22). 

 MRI is extremely good at visualization of uterine 
hypoplasia, T-shaped uterine canal, and constriction 
bands.  Imaging parallel to the long axis of the uterus 
gives the best views of the T-shaped confi guration. Con-
striction bands are seen as focal thickening of the junc-
tional zone. 4  

 POTENTIAL PITFALLS 
 Normal sonographic fi ndings of pregnancy can mimic 
many of the uterine anomalies: an ectopic gestational 
sac in a fallopian tube may look like a pregnancy in a 

DES related

Figure 3-20 Schematic representation of 
 müllerian duct developmental anomalies 
 related to DES.
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uterine horn; a cornual uterine fi broid may look like 
a  nonpregnant horn; the decidual reaction in the non-
pregnant bicornuate uterus may suggest a twin ges-
tation. Knowledge of the patient’s clinical symptoms 
and the sonographic characteristics of each müllerian 
duct anomaly helps avoid any pitfalls. 

 FALLOPIAN TUBES 
 In extreme rare cases, both fallopian tubes are absent 
in müllerian duct anomalies. More typical is unilateral 
absence in association with uterus unicornis. Isolated 
anomalies of the fallopian tubes are quite rare and in-
clude accessory ostia, duplication of the tubes, an absent 
muscular layer, luminal atresia, absent ampulla with 
blind fi mbria, or ectopic location. Rare doubling of the 
tube can also occur on one side. 2  Atresia of a portion of 

a tube can cause infertility or tubal pregnancy. Fallopian 
tube patency can be established with HSG or sonohys-
terography using a contrast agent or  saline, respectively. 

 OVARIES 
 Congenital agenesis of the ovaries is very rare since 
they arise from the epithelium and mesenchyme of the 
gonadal ridge, which is not associated with the forma-
tion of the mesonephric and paramesonephric ducts 4 ; 
however, it has been reported that ovaries are frequent-
ly malpositioned above the iliac vessels in patients with 
congenital uterine anomalies, particularly in uterine 
agenesis or unicornuate uteri. 14  

 Supernumerary ovaries are occasionally found re-
motely located in the omentum and retroperitoneum. 
This condition probably results from development of 
separate primordia in an ectopic portion of the gonadal 
ridge. Benign teratomas and dermoid cysts can occa-
sionally be found in supernumerary ovaries. 15  

 Occasionally, an ovary may be split into separate 
portions. This accessory ovarian tissue can be found 
in the broad ligament near the normal ovary or near 
the cornua of the uterus. 15  Ectopic ovarian tissue may 
also be found near the kidney or elsewhere in the 
retroperitoneum. 

 SUMMARY 

 • Malformations of the female genital tract are due to 
lack of müllerian duct development, fusion, or reab-
sorbtion. 

 • Germ cell migration from the yolk sac into the go-
nadal region results in formation of the gonads and 
ovaries. 

 • Abnormal differentiation of the embryonic wolffi an 
and müllerian ducts results in renal, uterine, cervix, 
and vaginal malformations. 

 • Arrested development of the paramesonephric ducts 
results in hypoplasia or agenesis of the vagina and 
uterus. 

 • HSG, MRI, CT, and sonography help diagnose and 
monitor patients with congenital anomalies of the 
genital tract. 

 • A transverse vaginal septum is not the same as the 
 imperforate hymen. 

 • Uterus unicornis is the result of normal development 
of half of the uterus with no or rudimentary develop-
ment of the rest. 

 • Partial fusion failure of the müllerian duct results in 
 either a uterus bicornis bicollis or a uterus bicornis 
unicollis. Complete fusion failure results in uterus di-
delphys. 

 • The septate and subseptate uterus is due to lack of 
the median septum reabsorbtion. 

Figure 3-22 A multiplanar reconstruction demonstrating the charac-
teristic hypoplastic T-shaped uterine cavity seen in women  exposed 
to DES. The external uterine contour is normal; however, cervical 
 defects may also be present. (Image courtesy of GE Healthcare, Wau-
watosa, WI.)

Figure 3-21 Hysterosalpingogram demonstrating T-shaped uterus 
in patient exposed to DES in utero.
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 1. During the sonographic examination of a 15-year-old 
patient, the sonographer fi nds a large uterus fi lled 
with complex-appearing material. Since the patient 
is currently virginal, an endovaginal examination 
cannot be performed. The patient denies the start of 
her menses and complains of lower abdominal pain 
and pressure. What is a possible differential diagno-
sis for these fi ndings?
ANSWER: Hematocolpos due to an intact hymen

 2. A primiparous patient presents to your depart-
ment for a routine fi rst trimester size and dates. The 

 sonographic examination reveals a uterus with a 
lobular appearance on the transverse plane with an 
eccentric implantation of a 6-week viable embryo. 
The sagittal images reveal an echogenic thick endo-
metrium. The cervix appears normal. List the differen-
tials for these fi ndings. How can the sonographer help 
in differentiating between your differential diagnoses?
ANSWER: Bicornuate uterus or a sebseptate uterus. To 
differentiate between the bicornuate and subseptate 
uterus, obtain a coronal image of the uterine fundus. 
If there is a 1 cm or greater cleft between the horns, 
this is a bicornuate uterus.

Critical Thinking Questions

  8. Saravelos SH, Cocksedge KA, Li TC, et al. Prevalence and 
diagnosis of congenital uterine anomalies in women with 
reproductive failure: a critical appraisal.  Hum Reprod 
 Update . 2008;14(5):415–429. 

  9. Rock JA, Zacur HA, Dlugi MD, et al. Pregnancy success 
following surgical correction of imperforate hymen and 
complete transverse vaginal septum.  Obstet Gynecol . 
1982;59(4):448–451. 

  10. Yen TH, Lai PC, Huang CC, et al. Single kidney eliciting a 
search for associated genital tract anomaly.  Nephrol Dial 
Transplant . 2004;19(3):731–732. 

  11. Kupesic S. Clinical implications of sonographic detection 
of uterine anomalies for reproductive outcome.  Ultrasound 
Obstet & Gynecol . 2001;18:387–400. 

 12. Chaudhry S. AJR teaching fi le: infertility in a young 
 woman.  AJR Am J Roentgenol . 2007;189(3 suppl):S11–S12. 

  13. Palmer JR. Prenatal diethylstilbesterol exposure and 
risk of breast cancer.  Cancer Epidemiol Biomarkers Prev.  
2006;15:1509. 

  14. Dabirashrafi  H, Mohammad K, Moghadami-Tabrizi N. 
Ovarian malposition in women with uterine anomalies. 
 Obstet Gynecol . 1994;83:293–294. 

  15. Durfee RB. Congenital anomalies in female genital tract. In: 
Benson R, ed. Current Obstetrics and Gynecology: Diagnosis 
and Treatment. 2nd ed. Los Altos, CA: Lange; 1978:147–156. 

 • A mild indentation of the superior portion of the en-
dometrium is called an arcuate uterus. 

 • Women exposed to DES in utero before 22 weeks of-
ten develop a T-shaped uterus. 
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 4 The Female Cycle
Sue Benzonelli-Blanchard

KEY TERMS

corpus luteum | estrogen | follicle-stimulating hormone (FSH) | gonadotropin-releasing 
hormone (GnRH) | luteinizing hormone (LH) | oocyte | ovum | progesterone

OBJECTIVES

Describe the physiology of the menstrual cycle

Identify the hormonal changes that occur during the various ovulatory and 
endometrial phases

Explain ovum development and its passage from the ovary to the uterus

Discuss the function of the female cycle

Follicle-stimulating hormone (FSH) Hormone pro-
duced by the anterior pituitary, which stimulates ovar-
ian follicle production in females and sperm production 
in males1

Gonadotropins Hormones produced by the anterior 
pituitary that affects the female and male gonads1

Gonadotropic Protein hormones secreted by gonado-
trope cells of the pituitary gland

Graafi an follicle A mature, fully developed ovarian cyst 
containing the ripe ovum

Luteinization The transformation of the mature ovarian 
follicle into a corpus luteum

Negative feedback When concentration of a hormone 
rises above a certain level, a series of actions take place 
within a system to cause the concentration to fall. Con-
versely, steps are taken to increase concentration when 
the level is too low

Menorrhagia Abnormally heavy or prolonged 
 menstruation

Mesometrium The mesentery of the uterus. It consti-
tutes the majority of the broad ligament of the uterus, 
excluding only the portions adjacent to the uterine tube 
and ovary

Oligomenorrhea Abnormally light or infrequent 
 menstruation. Opposite of menorrhagia

Perimetrium The outer serosa layer of the uterus, 
equivalent to the peritoneum

Positive feedback loop Steps taken to increase 
 concentration when the level is too low

Polymenorrhea (poly � many, menorrhea � bleeding) 
Frequent irregular periods

GLOSSARY

Amenorrhea Absence of menstruation

Androgens Male hormones produced in small 
 quantities by the female ovaries and adrenal glands, 
with the greatest quantities occurring at the midpoint of 
a woman’s menstrual cycle

Antefl exed Uterus angled forward toward the cervix

Anterverted Forward-tipped uterus with the cervix 
and vaginal canal forming a 90-degree angle or less

Antrum (follicular) The portion of an ovarian follicle 
fi lled with liquor folliculi. Spaces formed by the confl u-
ence of small lakes of follicular liquid in the ovary

Broad ligament The broad ligament is a peritoneal 
fold that also supports the fallopian tubes, uterus, and 
vagina. It connects the sides of the uterus to the walls 
and fl oor of the pelvis1

Cardinal ligament The cardinal ligament attaches to 
the uterus at the level of the cervix and from the supe-
rior part of the vagina to the lateral walls of the pelvis.1 
The cardinal ligament provides support to the uterus.

Corpus luteum (Latin for “yellow body”) Formed in 
the ovary when a follicle has matured and released its 
egg (ovum) after ovulation. The follicle becomes the 
corpus luteum that produces progesterone. Progester-
one causes the lining of the uterus to thicken for egg 
implantation2

Dysmenorrhea Painful menstruation

Endocrine system A system of glands and cells that 
produce hormones released directly into the circulatory 
system

Estrogen General term for female steroid sex hor-
mones secreted by the ovary and responsible for female 
sexual characteristics
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A female baby is born with approximately one million 
immature eggs or oocytes in each one of her ovaries. At 
birth, the female baby’s oocytes stop development and 
will not restart until puberty. At this time, the ovaries 
contain approximately 300,000 oocytes. When the fi rst 
menses begins, several oocytes restart their develop-
ment each month but usually only one matures. About 
400 oocytes actually ovulate during a woman’s lifetime 
with immature oocytes degenerating.5–7

The menstrual cycle is a series of changes in the 
 endometrium of the uterus in preparation for the arrival 
of a fertilized ovum that will develop in the uterus until 
birth. If fertilization does not occur, the lining of the en-
dometrium sheds during menstruation. In general, the 
term “female reproductive cycle” includes the ovarian 
and uterine cycles, the hormonal changes that regulate 
them, and related cyclical changes in the breasts and 
cervix.

The female reproductive cycle is an intricate series of 
chemical secretions, reactions, and changes in physical 
anatomy. Understanding the physiology of the female 
cycle is important for understanding the pathophysi-
ology of the female pelvis. This chapter describes the 
different parts of the female reproductive system: the 
hormones that regulate a woman’s body, the menstrual 
cycle, ovulation, and postmenopause.

ANATOMY

The female reproductive internal organs include the 
uterus, fallopian tubes, two ovaries, cervix, vagina, 
and the mammary glands. The uterus is shaped like 
an upside-down or inverted pear, with a thick lining 
and muscular walls lying between the urinary  bladder 
and rectum. The anatomic sections of the uterus are the 
fundus (dome-shaped portion above the uterine tubes), 
the central portion called the body, and the inferior nar-
row portion opening into the vagina called the cervix.8

The uterus contains three layers:
• Perimetrium: The serous outer layer of the uterus
• Myometrium: The muscular middle layer. Smooth 

muscle that forms the walls of the uterus
• Endometrium: Mucous membrane that lines the 

uterus. See Figure 5-37 for endometrial layers.
The uterus is hollow to allow a blastocyte, or fertil-

ized egg, to implant and grow. It also allows for the 

 inner lining of the uterus to build up until a fertilized 
egg implants, or it is sloughed off during menses.

At the upper corners of the uterus are the fallopian 
tubes. There are two fallopian tubes, called the “uterine 
tubes” or the “oviducts.” The fallopian tubes have dif-
ferent segments. These segments are:

• Isthmus: The narrow portion of the tube that con-
nects the fallopian tube to the uterus

• Ampulla: The wide portion of the fallopian tube that 
curves around the ovary. Fertilization usually occurs 
in the ampulla, which ends at the infundibulum

• Infundibulum: The distal funnel-shaped portion 
of the fallopian tube. It contains ciliated, fi nger-
like projections called fi mbriae, which catch the 
released egg from the ovary

Each fallopian tube attaches to one side of the uterus 
and connects to an ovary positioned between the liga-
ments that support the uterus. When an ovary releases 
an egg, it is swept into the lumen of the fallopian tube 
by fi mbriae. Once the egg is in the fallopian tube, tiny 
hairs in the fallopian tube’s lining help push the egg 
down the narrow passageway toward the uterus.

The ovaries are oval or almond-sized organs locat-
ed on each side of the uterus in relation to the lateral 
wall of the pelvis. Normal ovaries (after menarche) 
are  approximately 3 to 5 centimeters in length, 1.5 to 
3 centimeters in width, and about 0.5 to 1.5 centimeters 
thick. They attach to the posterior border of the uterine 
broad ligament, behind and below the uterine tubes. 
The ovaries attach to the uterus by the ovarian ligament 
and to the pelvic wall by the suspensory ligament.8,9 
The fi rst pregnancy displaces the ovaries, which do not 
often return to the original location after the pregnancy.

The lower portion of the uterus is the cervix. The 
cervix (from Latin “neck”) is the portion of the uterus 
that joins with the top end of the vagina; where they 
join together forms an almost 90-degree curve. The 
 vagina is the canal that leads from the uterus to the 
outside (Fig. 4-1). Mammary glands are the organs that 
produce milk for the nourishment of the baby.

PHYSIOLOGY

The endocrine system controls the ovarian and uterine 
 cycles by chemical messengers or “hormones.” These 
 hormones are secreted by the hypothalamus (gonadotropin 

Progesterone A steroid hormone produced by the 
 corpus luteum, whose function is to prepare and main-
tain the endometrium for the reception and development 
of the fertilized ovum

Rectouterine recess (pouch) An area in the pelvic 
cavity between the rectum and the uterus that is likely 
to accumulate free fl uid; also known as the posterior 
cul-de-sac and the pouch of Douglas

Retrofl exed A backward angle of the uterine fundus in 
relation to the cervix

Retroverted A uterus tilted posterior toward the rectum
Suspensory (infundibulopelvic) ligament A perito-
neum ligament extending upward from the upper pole 
of the ovary
Theca interna An ovarian layer characterized by 
 polyhedral cells and numerous blood vessels that 
secrete estrogen. The cells develop from stromal cells, 
which produce steroid hormones.
Theca externa An ovarian layer containing spindle-
shaped cells incapable of hormone production
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releasing hormone [GnRH]), anterior pituitary gland 
( follicle-stimulating hormone [FSH] and luteinizing hor-
mone [LH]), and ovaries (estrogen, progesterone, and in-
hibin) and control the female  reproductive events.

FEMALE REPRODUCTIVE ENDOCRINE GLANDS

This section describes the endocrine glands necessary 
for the control of the female reproductive system.

Hypothalamus
The hypothalamus is sometimes called the control 
 center of the endocrine system. This is because the 
 hypothalamus collects and integrates a variety of infor-
mation from the body and organizes neural and endo-
crine responses in order to maintain a stable internal 
environment (homeostasis).10

The hypothalamus is part of the diencephalon lo-
cated at the center of the base of the brain, below the 
 thalamus and directly above the pituitary gland. It 
makes up the fl oor of the third cerebral ventricle. This 
small cone-shaped structure projects downward from 
the brain, ending in the pituitary (infundibulum) stalk.11

About ten or eleven small nerve cell groups are 
 located in the hypothalamus. Cells located in the anterior 
and posterior areas of the hypothalamus monitor blood 
temperature and adjust abnormal body temperature. 

Neural activity in the anterior area controls heat loss 
by dilating blood vessels and inducing sweating. In the 
posterior hypothalamus, neurons help to preserve heat 
by constricting blood vessels, activating shivering, and 
slowing breathing. In addition, other hypothalamic 
 nuclei work together to balance food intake. Activity 
in the lateral hypothalamic area stimulates the appe-
tite, while the ventromedial nucleus (VMN) suppresses 
 appetite. In the preoptic area are cells that use several 
hormonal mechanisms to stimulate and regulate the 
menstrual cycle and other reproductive functions.12

The hypothalamus secretes hormones that stimulate 
or suppress the release of hormones in the pituitary gland. 
Many of these hormones are “releasing hormones,” 
which are secreted into an artery (the  hypophyseal por-
tal system) that carries the hormones directly to the ante-
rior pituitary gland. The anterior pituitary gland receives 
releasing and inhibitory hormones in the blood via the 
hypophyseal portal system (Fig. 4-2).

The Hypophyseal Portal System
The hypophyseal portal system  facilitates endo-
crine  communication between the two structures. 
The hypo physeal portal system, also known as the 
 hypothalamo-hypophyseal portal system, is a group of 
blood  vessels that link the hypothalamus to the anterior 

Fallopian tube Isthmus Fundus of uterus

Suspensory
ligament of ovary

Ovary
Ovarian
ligament 

Ampulla

Infundibulum 

Fimbria

Corpus luteum
of menstruation

Abdominal
opening of

fallopian tube

Secondary
oocyte Uterus

Perimetrium (serosa)

Myometrium

Endometrium
(glandular mucosa)

Cervical canal

External os

Cavity of uterus

Broad ligament

Internal os of cervix

Cervix

Vagina

Labium minus

Vesicular
appendix

Figure 4-1 Anatomy of the female reproductive system.
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3. The anterior pituitary capillaries, which carry ante-
rior pituitary hormones, turn into veins that drain 
into the systemic venous blood (Fig. 4-3)

The utility of this unconventional vascular system is 
that minute quantities of hypothalamic hormones are 
carried in a concentrated form directly to their target 
cells in the anterior pituitary and are not diluted out in 
the systemic circulation (Fig. 4-4).13

Pituitary Gland
The pituitary gland, also known as the “hypophysis,” 
lies immediately beneath the hypothalamus, resting 
in a pocket of bone called the sella turcica (“Turkish 
saddle”) at the base of the brain. It is about the size 
of a pea and it connects to the hypothalamus by the 
pituitary stalk, which contains nerve fi bers and blood 
vessels.10

pituitary gland. This unique group of blood vessels pass-
es from the hypothalamus through the pituitary stalk to 
the anterior pituitary gland. Instead of a direct neural 
link to the anterior pituitary gland, the hypothalamus 
uses the hypophyseal portal system, which is a “capillary 
to capillary” connection. The hypophyseal portal system 
is one of the few portal systems in the body that involves 
two capillary beds connected by a series of venules.13,14

The hypothalamic hormones reach the anterior pitu-
itary by the following path:

1. A branch of the hypophyseal artery diverges into a 
capillary bed in the lower hypothalamus, and the 
hypothalamic hormones secrete into that  capillary 
blood

2. Blood from those capillaries drains into the hypotha-
lamic-hypophyseal portal veins, which branch again 
into another series of anterior pituitary capillaries

Hypothalamus

Anterior
pituitary

GnRH

LH
FSH

Ovaries
(or testes)

Cellular targets
throughout body

Estradiol or
testosterone

Psychological and
sensory influences

Figure 4-2 Bidirectional interactions between the brain and the gonads. The hypothalamus is infl uenced by both psychological factors and 
sensory information, such as light responses from the retina. GnRH from the hypothalmus regulates gonadotropin (LH and FSH) release from 
the anterior pituitary. The testes secrete testosterone and the ovaries secrete estradiol, as directed by the gonadotropins. The sex hormones 
have diverse effects on the body and also send feedback to the pituitary and hypothalamus.
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anterior pituitary under the direct infl uence of the hy-
pothalamus. Hypothalamic hormones secrete to the an-
terior lobe through a special capillary system called the 
 hypothalamic-hypophyseal portal system (discussed 
above). The anterior pituitary hormones that are most 
important to the female reproductive system are FSH 
and LH.

Ovaries
Ovaries are both gonads and endocrine glands, which 
produce eggs (ova) and are the main source of fe-
male hormones, such as estrogen and progesterone. 
The ovaries perform dual and interrelated functions 
of  oogenesis (producing ova) and the endocrine func-
tion of producing hormones. The ovaries produce small 
quantities of testosterone, releasing the hormone into 
the bloodstream via the ovaries and adrenal glands.

Ovarian endocrine functions control the develop-
ment of female body characteristics, for example, the 
breasts, body shape, and body hair. They also regulate 
the menstrual cycle and pregnancy (Table 4-1).16

FEMALE REPRODUCTIVE HORMONES

GONADOTROPIN-RELEASING HORMONE

GnRH, also known as luteinizing-hormone-releasing 
hormone (LHRH), is secreted by the hypothalamus and 
stimulates the release of FSH and LH from the anterior 
pituitary gland. GnRH is a neurohormone, which is a 
hormone produced in a specifi c neural cell and released 
at its neural terminal. The preoptic area of the hypothal-
amus contains most of the GnRH-secreting neurons.18,19

When GnRH reaches the anterior pituitary gland, it 
stimulates the formation and secretion of the gonado-
tropins, which are controlled by the size and frequency 
of GnRH “pulses” and by feedback from androgens and 
 estrogens.

GnRH is secreted into the hypophyseal portal system 
and transported to the anterior pituitary in a “pulsatile” 
manner. The pulses vary in frequency and amplitude 
depending upon different physiologic conditions. On 
average, the frequency of GnRH secretion is once per 
90 minutes during the early follicular phase,  increases 
to once per 60 to 70 minutes, and decreases with 
 increased amplitude during the luteal phase. GnRH in-
duces the release of both FSH and LH; however, LH is 
much more sensitive to changes in GnRH levels.20,21

FOLLICLE-STIMULATING HORMONE

FSH is a glycoprotein (molecule that contains a carbo-
hydrate and a protein) gonadotropin secreted by the 
anterior pituitary gland in response to GnRH. FSH is 

The pituitary gland actually functions as two 
separate but distinctive tissues, an anterior portion 
( adenohypohysis-hormone producing) and the poste-
rior gland (neurohypophysis).

Each lobe of the pituitary gland produces distinctive 
hormones.

Anterior Lobe

• Growth hormone—Controls growth and develop-
ment; promotes protein production

• Prolactin—Stimulates milk production after birth
• Adrenocorticotropic hormone (ACTH)—Stimulates 

the adrenal glands
• Thyroid-stimulating hormone (TSH)—Stimulates 

the production and secretion of thyroid hormones
• FSH—Stimulates ovarian follicle growth and matu-

ration, estrogen secretion, and endometrial changes
• LH—Main function is to cause ovulation as well as 

the secretion of androgens and progesterone.

Posterior Lobe

• Antidiuretic hormone (ADH)—helps the body to 
retain water by decreasing urine production

• Oxytocin—contracts the uterus during childbirth 
and stimulates milk production (Fig. 4-5)15

The anterior pituitary gland secretes important endo-
crine hormones. These hormones are released from the 
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Figure 4-5 Magnocellular neurosecretory cells of the hypothalamus. 
Shown here is a midsagittal view of the hypothalamus and pituitary. 
Magnocellular neurosecretory cells secrete oxytocin and vasopressin 
directly into capillaries in the posterior lobe of the pituitary.

PATHOLOGY BOX 4-1

Hypothalamus → GnRH → Anterior pituitary
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progression of the female menstrual cycle, including 
ovulation, preparation of the uterus for implantation 
of a fertilized egg, and the ovarian production of both 
estrogen and progesterone. Theca cells (connective tis-
sue surrounding the follicle) in the ovary respond to 
LH stimulation by secretion of testosterone, which is 
converted into estrogen by adjacent granulosa cells.23

The “LH surge” or “preovulary LH surge” is a sharp 
rise in LH that triggers ovulation. LH is responsible for 
the maturing or ripening of the Graafi an follicle, which 
contains the matured ovum. After ovulation, the group 
of hormone-producing follicle cells becomes the cor-
pus luteum. The corpus luteum produces estrogen and 
large amounts of progesterone. Progesterone causes the 
endometrium to mature so that it can support implanta-
tion of the fertilized egg or embryo. If implantation of 
a fertilized egg does not occur, the levels of estrogen 
and progesterone decrease, the endometrium sloughs 
off, and menstruation occurs.24

 primarily responsible for promoting follicle develop-
ment within the ovary and spermatogenesis in men. 
FSH is responsible for the maturation of the egg, the 
cells surrounding the egg that produce the hormones 
(estrogen) needed to support a pregnancy, and the fl uid 
around the egg.20,22

As the follicle grows, cells in the follicle produce an 
increasing amount of estrogen that is released into the 
bloodstream. Estrogen stimulates the endometrium to 
thicken before ovulation occurs. The higher estrogen 
blood levels signal the hypothalamus and pituitary 
gland to slow the production and release of FSH.22

LUTEINIZING HORMONE

LH is a gonadotropic hormone secreted by the ante-
rior pituitary. LH is required for both the growth of pre-
ovulatory follicles and the luteinization and ovulation 
of the dominant follicle. LH controls the duration and 

PATHOLOGY BOX 4-2

Hypothalamus → GnRH →  Anterior → FSH
 pituitary

PATHOLOGY BOX 4-3

Hypothalamus → GnRH →  Anterior → LH
 pituitary

TABLE 4-1

Female Reproductive Endocrine Glands

Endocrine Glands Affecting Hormone Target Cells Major Function
Female Reproductive System   (Is in Control of:)

Hypothalamus GnRH Anterior pituitary Secretes hormones that control the 
 secretion of anterior pituitary hormones

Anterior pituitary Gonadotropic 
 hormones
 (FSH and LH)

Stimulate gonads (gamete production 
 and sex hormone secretion)

FSH Ovarian follicles • Promotes follicular growth and 
 development
• Stimulates estrogen production

LH Ovarian follicles and 
 corpus luteum

Stimulates:
• Ovulation
• Corpus luteum development
• Estrogen production
• Progesterone production

Ovaries Estrogen

Progesterone

• Breast, vagina, uterus, 
 bone, fallopian tubes, 
 placenta
• LH and FSH
• Endometrium
• LH
• Myometrium
• Vaginal epithelium 
 and cervical mucus

• Reproductive system, growth and 
 development
• Negative feedback reducing the 
 production of GnRH, LH, FSH
• Prepares the endometrium for 
 implantation
• Inhibits the secretion of LH, thus 
 inhibiting ovulation
• Desensitizes the myometrium to 
 oxytocic activity
• Modifi es the secretory activity
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calcium from the bones. Estrogen affects many organ 
systems, including the musculoskeletal and cardiovas-
cular systems and the brain.28

Estrogen is the principal modulator of the “hypothal-
amus-pituitary axis.” This involves complex interactions 
between pituitary and ovarian hormones that are in-
volved with forward control, positive feedback, and neg-
ative feedback mechanisms. The higher blood levels of 
estrogen also tell the hypothalamus and pituitary gland 
to slow the production and release of FSH. The ability 
of estrogens to suppress secretion of FSH and thereby 
inhibit ovulation makes estrogen and estrogenlike com-
pounds major components in oral contraceptives.

CONTROL OF GNRH (POSITIVE AND 
NEGATIVE FEEDBACK)

High levels of estrogen in the bloodstream result in the 
placement of negative feedback on LH and FSH secre-
tion, resulting in inhibition of the secretion of these 
hormones. The opposite, low estrogen levels, results in 
a positive feedback on LH and FSH secretion, resuming 
production.29,30

PROGESTERONE

Progesterone is a steroid that belongs to a group of hor-
mones called “progestogens” and is the major naturally 
occurring human progestogen. Its production is stimu-
lated by the corpus luteum, which is stimulated by LH, 
which in turn is stimulated by GnRH.

When a LH surge occurs (remember that a LH surge 
is a sharp increase in LH in the blood that triggers ovu-
lation), it causes the follicle to rupture. The residual 
cells within ovulated follicles develop to form the cor-
pus luteum, which then starts to secrete the hormones 
progesterone and estradiol.31 Small amounts of proges-
terone are also produced in the adrenal glands.

Progesterone prepares the body for pregnancy and 
maintains it until birth. Progesterone is a hard-working 
hormone, as it:

• Prepares the endometrium for implantation
• Desensitizes the myometrium to oxytocic activity 

(oxytocin is produced in the posterior pituitary 
gland and stimulates rhythmic contractions of the 
uterus); in other words, it decreases the contractil-
ity of the uterine smooth muscle

THECA INTERNA

The theca folliculi is a cover of condensed connec-
tive tissue surrounding a developing follicle within the 
 ovary. The theca folliculi are divided into two  layers, 
the theca interna and the theca externa. The theca in-
terna responds to LH by synthesizing and secreting an-
drogens, which are processed into estrogen. Theca cells 
do not begin secreting estrogen until puberty.25

ESTROGEN

Estrogen (or oestrogen) is the name for a class of natu-
rally occurring steroid hormones that primarily regulate 
the growth, development, and function of the female 
reproductive system. The main sources of estrogen in 
the body are the ovaries, but the corpus luteum and the 
placenta also produce small amounts of estrogen. The 
three major naturally occurring estrogens are  estradiol, 
estriol, and estrone, all of which promote the develop-
ment of female body characteristics. Some of the  female 
body characteristics are:

• development of breasts
• uterus and vagina
• pubic and axillary hair growth
• the distribution of adipose tissue
• broadening of the pelvis
• voice pitch
Estradiol is the principal estrogen formed from devel-

oping ovarian follicles, the adrenal cortex, and placenta. 
Estradiol is responsible for female characteristics, sex-
ual functioning, and the growth of the uterus, fallopian 
tubes, and vagina. It promotes breast development and 
the growth of the outer genitals. In addition, estradiol 
is important to women’s bone health. However, estra-
diol contributes to most gynecologic problems such as 
endometriosis and fi broids and even female cancers.26,27 
Estriol is made from the placenta and is only produced 
during pregnancy.26 Estrone is widespread throughout 
the body. It is the only estrogen present in any amount 
in women after menopause.26

During the menstrual cycle, estrogen stimulates the 
endometrium to thicken before ovulation. This produc-
es an environment acceptable for fertilization, implan-
tation, and nutrition of the early embryo. In addition 
to regulating the menstrual cycle, estrogens also help 
promote blood clotting and help minimize the loss of 

PATHOLOGY BOX 4-4

Hypothalamus    →    GnRH    →    Pituitary    →    LH    →    Theca interna    →    Androgens    →    Estrogen

PATHOLOGY BOX 4-5

Increased levels of → Negative feedback (GnRH, LH, → Decreased levels → Positive feedback (GnRH, LH, and FSH
 estrogen  and FSH secretion stopped)  of estrogen  secretion resumed)
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seventh month, the oogonia stop dividing, with most 
oogonia dying during this period. The remaining oogo-
nia (called primary oocytes) begin the fi rst meiotic divi-
sion until they reach the diplotene stage (completion 
of DNA replication). At this stage the primary oocytes 
enter into meiotic arrest until puberty.35,36

The fi rst part of meiosis begins in the fetus and does 
not resume until roughly 12 years later, when puberty 
begins. With the onset of puberty, there is renewed ac-
tivity in the ovary. The fi rst meiotic division is com-
pleted just before the oocyte is about to be released 
from the ovary.16,36

After the maturing primary oocyte completes meio-
sis I, it divides into two haploid cells. Each of the hap-
loid cells receives half the chromosomes (23) and two 
chromatids. One cell is called the “polar body.” It is 
the smaller of the two cells and receives very little cy-
toplasm. The other cell is now a secondary oocyte and 
enters meiosis II. This larger cell (dominant follicle) is 
in meiotic arrest until fertilization.16

At around day 14, the secondary oocyte bursts from 
the ovary. The fallopian tube contains microscopic 
cilia that beat and draw the released oocyte. Thus, the 
secondary oocyte enters the fallopian tube where it 
waits for fertilization and completion of the meiosis 
process.16

Upon fertilization, the second meiotic division  occurs 
in the fallopian tube right after ovulation. The oocyte 
divides into two daughter cells with each cell receiving 
23 chromosomes with a single chromatid. One daugh-
ter cell is the mature ovum (or fertilized ovum) and 
it retains almost all the cytoplasm. The second small 
nonfunctional daughter cell is called a “second polar 
body”16 (Fig. 4-6).

FOLLICLE STAGES

Oocytes exist in follicles. The ovary contains either pri-
mordial follicles or primary (more developed follicle) 
follicles. Both follicle types consist of a primary oocyte 
with a single layer of surrounding cells (called granu-
losa cells). As the primary follicle develops, the oocyte 
siza and granulosa cells increase. As the granulosa cells 
increase, they secrete a thick layer of material called 
the zona pellucida, which forms a layer around the 
granulosa cells and oocyte. As the follicle continues to 
grow, new layers form such as the outer layer, which 

• Blocks the development of new follicles (inhibits 
the secretion of LH, thus inhibiting ovulation)

• Modifi es the secretory activity of the vaginal epi-
thelium and cervical mucus (makes it thick and 
impenetrable to sperm)

• Increases the basal body temperature
• Stimulates the development of the alveolar system
• Inhibits lactation during pregnancy. The decrease 

in progesterone levels following delivery is one 
of the triggers of the mammary glands for milk 
 production.

• Decreases the maternal immune response and 
prepares the lining of the uterus for the fertilized 
ovum implantation.32,33

• Stimulates the growth of the uterine wall and the 
uterine blood vessels.33

If implantation occurs, the placenta will begin to 
 secrete progesterone near the end of the fi rst trimester 
and will continue until the end of the pregnancy. One 
of progesterone’s most important functions is to stimu-
late the endometrium to secrete special proteins during 
the second half of the menstrual cycle, preparing it to 
implant and nourish the fertilized egg. If there is no im-
plantation, estrogen and progesterone levels drop, the 
corpus luteum begins to break down, the endometrium 
breaks down, and menstruation occurs.29,33

Progesterone Feedback
Elevated levels of progesterone are controlled by the 
same positive and negative feedback loop used by 
 estrogen. High levels of progesterone also inhibit the se-
cretion of GnRH and LH, just like high estrogen levels.29

OVARIAN CYCLE

The ovarian cycle is a series of ovarian physiologic 
events involved in ovulation. This cycle covers oo-
cyte maturation, ovulation, and the release of the ma-
ture ovum into the fallopian tube. The ovarian cycle 
contains three phases, the follicular phase, ovulatory 
phase, and the luteal phase.

OOGENESIS

During fetal development, the primitive germ cells or 
oogonia (singular is oogonium) go through numerous 
mitotic divisions during the fi rst 7 months. After the 

PATHOLOGY BOX 4-6

Hypothalamus → GnRH → Pituitary → LH → Corpus luteum → Progesterone

PATHOLOGY BOX 4-7

Increased levels of → Negative feedback (GnRH, → Decreased levels → Positive feedback (GnRH, LH
 progesterone  LH secretion stopped)  of progesterone  secretion resumed)
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follicles may reach maturity and more than one oocyte 
will be released from the ovary.

Follicular Phase
The follicular phase (or preovulatory phase) starts 
when the menstrual cycle begins with the fi rst day of 
menstrual bleeding (day 1). Menstrual bleeding occurs 
with the fall of estrogen and progesterone levels. The 
decrease in these two hormones causes the thickened 
endometrial lining to break down and slough off, as it 
is no longer needed to sustain a possible pregnancy. 
The follicular phase lasts from day 1 of the menstrual 
cycle and ends when the LH surge occurs and ovulation 
begins (typically on day 14).37 The main purpose of the 
follicular phase is to develop a viable follicle capable of 
surviving ovulation.

is called the “theca.” When the theca layer forms, the 
follicle is at the “preantral” stage. When the follicle has 
almost reached its full size, a fl uid-fi lled space called 
the antrum starts to form in the granulosa cells. The 
granulosa cells secrete a fl uid into this space and at this 
point going forward, the growth of the follicle will be 
due to the expanding antral space. The follicle is now 
in the antral stage.16

Approximately 1 week in the menstrual cycle, a se-
lection process begins. The largest, most mature follicle 
continues to develop and other follicles go through a 
degeneration process called “atresia.” The mature fol-
licle or Graafi an follicle bulges out of the surface of the 
ovary. Ovulation occurs when the Graafi an follicle and 
ovarian wall rupture to release the oocyte (Fig. 4-7).16

Note: In 1% to 2% of all menstrual cycles, two or more 

Figure 4-6 The female embryo ovaries con-
tain primordial germ cells which undergo mi-
tosis to form oogonia (singular is oogonium). 
By the 7th month of fetal development, the 
primary oocytes become surrounded by a 
layer of fl attened cells and become known 
as primordial follicles. At this point the oogo-
nia stop dividing, with most oogonia dying 
during this period. The remaining oogonia 
(called primary oocytes) begin the fi rst mei-
otic division until they reach the diplotene 
stage (completion of DNA replication). At 
this stage the primary oocytes enter into 
meiotic arrest until puberty. With the onset 
of puberty, the fi rst meiotic division is com-
pleted just before the oocyte is about to be 
released from the ovary. 

After the maturing primary oocyte com-
pletes meiosis I, it divides into two haploid 
cells. One cell is called the “polar body.” 
The other cell is now a secondary oocyte and 
enters meiosis II. This larger cell (dominant 
follicle) is in meiotic arrest until fertilization.
Upon fertilization, the second meiotic division 
 occurs in the fallopian tube right after ovula-
tion. Theoocyte divides into two daughter 
cells with each cell receiving 23 chromosomes 
with a single chromatid.

PATHOLOGY BOX 4-8

Hypothalamus → GnRH → Pituitary → FSH → Follicle → Estrogens
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estrogen levels rise, menses begins to slow and stop, 
with the endometrial lining of the uterus beginning to 
thicken and develop progesterone receptors.34

Estrogen levels peak toward the end of the follicular 
phase of the menstrual cycle. This rise in estrogen is a 
signal that a mature follicle (Graafi an follicle) is ready 
to ovulate. At this critical moment, estrogen exerts posi-
tive feedback on LH, generating a dramatic preovulato-
ry LH surge.38,39 The LH level will start to rise rapidly 24 
to 36 hours before ovulation.40 Under the infl uence of 
LH, the primary oocyte enters the fi nal stage of the fi rst 
meiotic division and divides into a secondary  oocyte 
(Fig. 4-8).

Remember what happens when the estrogen levels in 
the blood decrease? The positive feedback mechanism 
triggers the secretion of GnRH, FSH, and LH. When the 
FSH levels start to rise, FSH then stimulates the devel-
opment of several ovarian follicles, each containing 
an egg. Every month, FSH initiates and promotes the 
growth of a group of follicles. Soon, one or two follicles 
assume dominance, continuing to grow, mature, and 
produce estrogen. The follicle will start to secrete es-
trogen (estradiol) by increasing the secretion of andro-
gens by the theca externa. Estrogen will then stimulate 
the cervix to produce mucus, allowing sperm to pass 
through the cervix and reach the ovum. In addition, as 

A B
Figure 4-8 A: Early follicular phase ovary in an endovaginal exam. B: 3D multiplanar reconstruction (MPR) of a follicular phase ovary.
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Figure 4-7 This diagram demonstrates the interconnectivity between the ovarian and endometrial cycle throughout the menstrual cycle.
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One important effect of the LH surge is the con-
version of the granulosa cells from predominantly 
androgen- converting cells to mostly progesterone-
synthesizing cells. The corpus luteum secretes 
mostly progesterone and some estrogen. Following 
ovulation, the corpus luteum responds to continued 
elevated LH levels by synthesizing high concentra-
tions of progesterone and estrogen (Figs. 4-9, 5-48, 
and 5-70).

The progesterone secreted by the corpus lute-
um peaks at around 5 to 7 days postovulation. The 
high progesterone levels trigger a negative feedback 
on GnRH and as a result the GnRH pulse frequency 
stops. After ovulation, the corpus luteum only lasts 
for about 12 to 14 days unless it begins receiving hu-
man chorionic gonadotropin (hCG) from a develop-
ing embryo. If the egg is not fertilized, the corpus 
luteum starts to degenerate and begins to evolve into 
the “corpus albicans,” and progesterone production 
stops. Since both estrogen and progesterone levels 
decrease, the negative feedback control on the GnRH 
pulse frequency is removed. Positive feedback initi-
ates and FSH and LH start to rise to begin the next 
menstrual cycle.34,38 See Figure 4-10.

Progesterone
• Causes the mucus in the cervix to thicken so 

that sperm or bacteria are less likely to enter the 
uterus

• Causes body temperature to increase slightly dur-
ing the luteal phase and remain elevated until a 
menstrual period begins (this increase in tempera-
ture can be used to estimate whether ovulation 
has occurred)

• With estrogen, causes milk ducts in the breasts to 
widen (dilate). As a result, the breasts may swell 
and become tender

• With estrogen, causes the endometrium to thicken 
and develop additional blood vessels to accept the 
blastocyst

Ovulatory Phase
The ovulatory phase begins with a surge of LH and FSH 
levels, usually occurring on day 14 of the menstrual 
 cycle (it may differ among some women). The release 
of the mature ovum ends this phase. The LH surge in-
duces release of enzymes that degrade the cells on the 
surface of the Graafi an follicle. It stimulates angiogen-
esis (development of new blood vessels) in the follicu-
lar wall. The LH effects on the follicle cause it to swell 
and rupture. Within a 24- to 36-hour period after the LH 
surge, the mature ovum is expelled through the Graaf-
ian follicle and ovarian wall and a small amount of 
fl uid collects in the posterior cul-de-sac.41 At this time, 
a urine test can detect the amount of LH in a woman’s 
urine (about 12 to 24 hours after release of the ovum). 
The amount of LH in the urine helps determine when 
a woman is fertile, as the egg will need to be fertilized 
within a 12-hour period after its release.37 After the egg 
has been expelled from the ovary, contractions of the 
fallopian tube bring the oocyte into contact with the 
epithelium of the fallopian tube to initiate migration 
through the oviduct.

At ovulation, some women experience a dull 
pain/ache or a sudden sharp pain on one side of 
the lower abdomen. Occurring on the same side as 
ovulation, this dull pain is called mittelschmerz. 
The word “mittelschmerz” actually means “middle 
pain,” because of mid-cycle pain occurring in con-
junction with ovulation. It can last anywhere from a 
few hours up to days. The cause of mittelschmerz is 
unknown.38,41

Luteal Phase
The luteal phase begins after ovulation, lasting on aver-
age approximately 14 days (unless fertilization occurs), 
and ends just before a menstrual period. The luteal 
phase needs to be at least 10 days in order to have a 
successful implantation. The main hormone associated 
with this phase is progesterone.

In the luteal phase, the ruptured Graafi an follicle 
closes after releasing the egg, and FSH and LH stimu-
late the remaining parts of the Graafi an follicle to form 
a structure called a corpus luteum (Latin for “yellow 
body”). The corpus luteum forms from the zona granu-
losa and theca cells left after ovulation and some of 
the surrounding capillaries and connective tissue.38 The 
corpus luteum is approximately 1 to 1.5 centimeters in 
diameter.42

PATHOLOGY BOX 4-9

Rising levels
Estrogen  

→ • Cervical mucus is produced
•  Endometrium starts to thicken and 

develops progesterone receptors
• Triggers LH surge
•  Negative feedback (GnRH, FSH 

secretion stopped)

Figure 4-9 Anechoic corpus luteal cyst.
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called human chorionic gonadotropin (hCG). This hor-
mone maintains the corpus luteum, which continues to 
produce  progesterone and estrogen until the placenta 
takes over, after approximately 3 months. Pregnancy tests 
are based on detecting an increase in hCG level (Fig. 4-7).38

The corpus luteum produces progesterone until the pla-
centa begins to take over production at around the tenth 
week of gestation. When a pregnancy occurs and the de-
veloping blastocyst  burrows into the endometrium, the 
cells around the developing zygote produce a hormone 

Estrogen

• Develops and maintains female
  reproductive structures
• Causes female secondary sex
  characteristics to develop
 • Fat deposits in breasts, buttocks, 
  and thighs
 • Axillary and pubic hair
 • Mammary glands
 • Broadened pelvis

Progesterone

• Prepares endometrium for
  implantation
• Prepares mammary glands for
  lactation

Developing
follicle

Anterior
pituitary

Hypothalamus

Primary
follicle

Corpus 
luteum

Follicle stimulating
hormone (FSH)

Inhibits Inhibits

Ovulation

Luteinizing 
hormone (LH)

Figure 4-10 Effects of pituitary FSH and LH in 
ovulation. The hypothalamus stimulates the pi-
tuitary gland fi rst to release FSH, then LH. FSH 
stimulates ovarian follicle development, ovula-
tion, and follicular estrogen secretion, which in 
turn stimulates the endometrium to grow (the 
proliferative phase). Next, LH stimulates forma-
tion of the corpus luteum from the ruptured 
follicle after ovulation. The corpus luteum se-
cretes progesterone, stimulating  endometrial 
glandular development and glycogen accu-
mulation and readying the endometrium for 
implantation. If pregnancy does not occur, the 
corpus luteum atrophies to become a corpus 
albicans, and  menstruation occurs.

PATHOLOGY BOX 4-10

Hypothalamus → GnRH → Pituitary → LH → Corpus luteum → Progesterone
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Luteal Phase Defect

The fi rst person to describe the luteal phase defect was 
Georgeanna Jones, MD in 1949. Dr. Jones found the 
corpus luteum defective in the production of proges-
terone, which caused infertility or early spontaneous 
abortion. Since then, further investigation has revealed 
a more complicated defect. The following are some of 
the causes of luteal phase defect (LPD):

• Abnormal follicular development
 •  Low levels of FSH and LH
 •  Since FSH stimulates the granulosa cells in the 

follicle to produce estradiol from androstenedi-
one, a reduction in FSH reduces granulosa cell 
growth and lowers the estradiol levels.  Abnormal 
folliculogenesis affects the corpus luteum result-
ing in decreased progesterone production

• Abnormal LH
 •  Decreased LH can cause a decrease in andro-

stenedione from the theca cells
 •  A decrease in androstenedione will result in a 

decrease in estradiol and, thus, lower progester-
one levels. In addition, a suboptimal LH surge 
causes defi cient progesterone due to inadequate 
luteinization of the granulosa cells

• Uterine abnormalities
 •  The vascularization of the endometrium can be 

disrupted by uterine abnormalities with normal 
progesterone levels. Several uterine abnormali-
ties such as myomas, uterine septa, and endo-
metritis can be the source for poor secretory 
changes in the endometrium

• Abnormally short luteal phase
 •  Less than 12 days between ovulation and men-

ses with normal progesterone levels.43

An endometrial biopsy is the most accurate method of 
diagnosis for luteal phase defect.

HYPOTHALAMIC-PITUITARY-OVARIAN 
AXIS

The hypothalamic-pituitary-ovarian axis is the func-
tional interaction between the ovaries and the hypo-
thalamus-pituitary system. The intricate interactions 
between the hypothalamus-pituitary and ovarian hor-
mones involve forward control, positive feedback, and 
negative feedback mechanisms.

One of the most important functions of the hy-
pothalamic-pituitary-ovarian axis is to regulate re-
production and sustain a self-perpetuating, monthly 
 endocrine cycle. By controlling the uterine and ovar-
ian cycles, the brain and ovaries are able to regulate 
reproduction.44
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Figure 4-11 The menstrual cycle. The menstrual cycle is divided 
into the follicular and the luteal phase. Ovulation defi nes the tran-
sition between these two phases. During the follicular phase, go-
nadotroph cells of the anterior pituitary gland secrete LH and FSH 
in response to pulsatile GnRH stimulation. Circulating LH and FSH 
promote growth and maturation of ovarian follicles. Developing fol-
licles secrete increasing amounts of estrogen. At fi rst, the estrogen 
has an inhibitory effect on gonadotropin release. Just before the 
midpoint in the menstrual cycle, however, estrogen exerts a brief 
positive feedback effect on LH and FSH release. This is followed by 
follicular rupture and release of an egg into the fallopian tube. Dur-
ing the second half of the cycle, the corpus luteum secretes both 
estrogen and progesterone. Progesterone induces a change in the 
endometrium from a proliferative to a secretory type. If fertilization 
and implantation of a blastocyst does not occur within 14 days after 
ovulation, the corpus luteum involutes, secretion of estrogen and 
progesterone declines, menses occurs, and a new cycle begins.

PATHOLOGY BOX 4-11

Hypothalamus → GnRH → Anterior pituitary → FSH → Follicles activate the theca externa → Secretion of
         into androgen synthesis   estrogen
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PROGESTERONE AND ESTROGEN

The corpus luteum secretes progesterone and estrogen 
until it starts to degenerate during the luteal phase. 
When the corpus luteum undergoes atresia to become 
the corpus albicans, progesterone and estrogen produc-
tion stops and their levels decrease.

DECREASED PROGESTERONE AND 
ESTROGEN

Diminished estrogen and progesterone levels initiate, 
removing the negative feedback control on the GnRH 
pulse frequency. FSH and LH start to rise upon initia-
tion of the positive feedback beginning the next men-
strual cycle.

MENSTRUAL AND/OR ENDOMETRIAL 
CYCLE

The female reproductive years begin around 11 to 
13 years of age with the start of menstruation and end 
around the age of 50 with the end of menstruation. 
Menstruation is the periodic discharge of blood, mu-
cus, tissue, fl uid, and epithelial cells. It is a rhythmic 
approximately 28-day cycle and is tightly coordinated 
with the ovarian cycle. Cycles can range anywhere 
from 21 to 35 days in adults and from 21 to 45 days 
in young teens. When a menstrual cycle length is less 
than 21 days, it is called “polymenorrheic” (poly � 
many,  menorrhea � bleeding). When a menstrual cy-
cle is  longer than 35 days it is called “oligomenorrheic” 
(oligo � having little, menorrhea � bleeding).

ULTRASOUND EVALUATION OF THE 
ENDOMETRIUM IN PREMENOPAUSAL 
WOMEN

Ultrasound evaluation and measurements of the en-
dometrium vary with phases of the menstrual cycle. 
Measurements also vary depending upon menopaus-
al status, age, parity, and gravidity. The endometrial 
thickness measurement is important, as it can help de-
tect a number of benign and malignant abnormalities. 
Changes in endometrial thickness can be associated 

The glands and hormones involved in the hypotha-
lamic-pituitary-ovarian axis are:

• The hypothalamus, which produces GnRH
• The anterior pituitary gland, which produces LH 

and FSH
• The ovaries (gonads), which produce estrogen and 

testosterone (Fig. 4-11)44

INCREASED FOLLICLE STIMULATING 
HORMONE

The anterior pituitary gland is stimulated by GnRH to 
secrete FSH. FSH stimulates the follicles to activate an-
drogen synthesis by the theca externa, which in turn 
produces estrogen. Estrogen secretion peaks during 
days 10 to 13 in the menstrual cycle.

INCREASED ESTROGEN SECRETION

A negative feedback will be placed on the hypothala-
mus when circulating estrogen reaches a high level. 
The hypothalamus will inhibit GnRH secretion; if GnRH 
secretion stops, the anterior pituitary will not be stimu-
lated to produce FSH and LH.

THE LH SURGE

The LH surge occurs when estrogen reaches a peak 
level. How can this be? We just discussed how an in-
crease in estrogen levels activates the negative  feedback 
mechanism, which in turn decreases LH and FSH pro-
duction. How do peak estrogen levels exert a positive 
feedback? When a follicle reaches its mature stage and 
begins to produce a higher level of estrogen within a 
specifi c “critical” threshold and duration, the opposite 
effect takes place. A positive feedback mechanism then 
activates and the pituitary releases a preovulatory surge 
of LH and, to a lesser extent, FSH.

The LH surge stimulates the Graafi an follicle and 
ovarian wall to rupture and release the mature ovum.16 
The remaining granulosa cells, theca cells, and sur-
rounding connective tissue of the Graafi an follicle 
form into the corpus luteum. The corpus luteum be-
gins to produce progesterone while LH and FSH levels 
 decrease.

PATHOLOGY BOX 4-12

Increased levels of estrogen → Negative feedback → Hypothalamus is inhibited → Decreased FSH and LH
   mechanism is   from producing GnRH   secretion
   activated   secretion

PATHOLOGY BOX 4-13

Hypothalamus   →   GnRH → Pituitary   →   LH   →   Corpus luteum   →   Progesterone and estrogen are secreted
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are at their lowest levels. The low levels of estrogen and 
progesterone initiate menstrual bleeding and stimulate 
positive feedback. The low levels of estrogen and pro-
gesterone stimulate the hypothalamus to secrete GnRH, 
which in turn simulates the pituitary to secrete FSH and 
LH. As the secretions of FSH and LH reach the ovary via 
the bloodstream, the follicles in the ovaries are stimu-
lated to start developing, and the primary follicles begin 
to grow. Each follicle consists of an oocyte surrounded 
by cells that produce estrogen.

Endometrium During Days One to Five

During menstruation, two layers of the endometrium are 
shed, the stratum compactum and the spongiosum. The 
stratum basal layer is not shed during menstruation and 
is responsible for the regeneration of the endometrium. 
The decrease in estrogen and progesterone levels triggers 
a constriction of the spiral arteries, which leads to tissue 
necrosis in the stratum compactum and spongiosum. 
It must be noted that the network of blood vessels in 
the endometrium has a selective process with hormonal 
changes. The radial and basal arterioles do not react to 
hormonal changes, but the spiral arteries do. They are 
very sensitive to hormone changes and will constrict 
when progesterone diminishes (Figs. 4-13 and 4-14).45

ULTRASOUND EVALUATION:

Sonographic Appearance
Uterus

During late menstruation, the endometrium images 
as a thin hypoechoic to echogenic line measuring less 
than 1 millimeter in thickness.48 Intraluminal blood or 
sheets of sloughed endometria may be identifi ed. In the 
postmenstruation time, the endometrium consists of a 
superfi cial functional layer and a deep basal layer. As 
a result, the superfi cial functional layer appears as the 
thin echogenic line (Table 4-2).

with endometrial polyps, hyperplasia, or  carcinoma. 
In general, the normal endometrium should be uni-
form in thickness, homogeneous in echotexture, 
and not displaced by any submucosal, myometrial 
 abnormality.

The American Institute of Ultrasound in Medicine 
(AIUM) in its practice guidelines for the performance of 
pelvic ultrasound examinations states that the endome-
trium is to be measured as follows:

“The endometrium should be measured on 
a midline sagittal image, including anterior and 
posterior portions of the basal endometrium and 
excluding the adjacent hypoechoic myometrium 
and any endometrial fl uid”68 (Fig. 4-12).

ULTRASOUND EVALUATION OF THE OVARIES

According to the AIUM practice guidelines for the per-
formance of pelvic ultrasound examinations, “ovarian 
size may be determined by measuring the ovary in 
three dimensions (width, length, and depth), on views 
obtained in two orthogonal planes.”68

MENSTRUAL CYCLE

The menstrual cycle is regulated by the complex inter-
action of hormones: LH, FSH, estrogen, and proges-
terone. The menstrual cycle has three phases: menses 
phase, proliferative phase, and the secretory phase.

Menses or Menstruation Phase

Days One to Five (Early Follicular Phase)

The menstrual cycle begins with menstrual bleeding 
and lasts, on average, fi ve days. Some women may 
have a shorter menses phase and some may have a lon-
ger phase. Menses coincides with day 1 of the ovarian 
follicular phase. At this time, estrogen and progesterone 

Figure 4-12 A: Measurement of the thin uniform endometrium from a sagittal approach. B: Caliper placement for a focally thickened endo-
metrium on a sagittal view. C: In the presence of intrauterine fl uid, measure each endometrial layer on a sagittal plane.

Hypothalamus → GnRH → Anterior pituitary → FSH and LH secreted into the bloodstream to 
       stimulate follicle growth

PATHOLOGY BOX 4-14
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1
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2

2

Basal layer

Myometrium

Uterine cavity with epithelial cells, 
blood corpuscles, and remainders of 
the expulsed mucosa

Intact and partially expulsed 
uterine glands

Figure 4-13 Endometrium during the menstruation phase.

Figure 4-14 Changes in the uterine glands and gland cells during 
the menstrual cycle.

5 µm

0.5 mm

End of 
proliferative phase
14 days

Initial 
secretory phase
15-21 days

Late 
secretory phase
22-28 days

TABLE 4-2

Menstruation Phase: Days 1–546,48

Endocrinology

•  Estrogen and progesterone levels are low (see hormone 
graph)

•  Low levels of estrogen and progesterone trigger the 
hypothalamus to secrete GnRH. GnRH signals the pituitary 
to secrete FSH and LH

•  FSH and LH start to travel in the bloodstream from the 
pituitary to the ovaries

•  FSH begins to stimulate the maturation of several follicles
• FSH and LH stimulate the development of estrogen 

Uterine Cycle

•  Decrease of estrogen and progesterone trigger the uterine 
endometrium to break down and shed the endometrial 
lining. Menstrual bleeding starts on day 1

•  The thin endometrium measures �4 millimeters thick at 
the end of the menstrual phase

Ovarian Cycle

•  Coincides with early ovarian follicular phase
• Primary follicles begin development
•  Each follicle contains an oocyte surrounded by granulosa 

cells
•  FSH initiates and promotes the growth of a group of 

follicles
•  As the follicles begin to mature, the theca starts to 

produce low levels of estrogen
•  The theca interna responds to LH by synthesizing and 

secreting androgens that process into estrogen

  67
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dominant follicle grows, it synthesizes and secretes in-
creasing amounts of estrogen.

Increased estrogen levels stimulate the cervix 
to produce fertile cervical mucus that allows the sperm 
to pass through the cervix and reach the ovum. It also 
prepares the endometrium receptors to respond to pro-
gesterone in the luteal phase of the ovarian cycle.

Sonographic Appearance
Endometrium

Once the proliferative phase begins, the endometrium 
appears as a thin echogenic stripe with a thickness of 
less than 6 millimeters.39 The endometrium continues 
to thicken (from 5 to 7 millimeters)48 during the prolif-
erative phase as estrogen levels increase. The endome-
trium will be more echogenic than the myometrium. 
The increased echogenicity is due to the development 
of glands, blood vessels, and stroma (Table 4-3).

Proliferative Phase/Postmenstrual Phase (Late 
Follicular Phase): Days Six to Thirteen
The proliferative phase begins when menstrual bleeding 
stops. At this point, the endometrium appears as a thin 
central stripe. The positive feedback mechanism stimu-
lates the secretion of FSH and LH. FSH stimulates the 
maturation of several ovarian follicles. As they increase 
in size, they produce more estrogen. As the  estrogen 
levels increase, the endometrium starts to thicken and 
form a new endometrium layer in the uterus (prolif-
erative endometrium). As the endometrium becomes 
thicker, it becomes supplied with more blood vessels 
and glands.

During the mid to late proliferative phase, one 
(sometimes two) follicle(s) become(s) dominant. The 
rest of the follicles start to die off (atresia). The domi-
nant follicle continues to grow to maturation from a 
preantral to antral follicle or Graafi an follicle. As the 

Increased levels of estrogen → Negative feedback → Hypothalamus is → Decreased FSH
   mechanism is   inhibited from   and LH
   activated    producing GnRH   secretion

PATHOLOGY BOX 4-15

TABLE 4-3

Proliferative Phase: Days 6–1047,48

Endocrinology

LH

FSH

Day

LH

FSH

Pituitary

Uterus

Graafian follicle

Cervical mucus

Estrogen

H
or

m
on

e 
le

ve
ls

6-10

Estrogen

Progesterone

• Estrogen levels continue to rise as follicles develop
•  FSH continues to stimulate maturation of several ovarian 

follicles
•  Synthesis and release of estrogen occurs predominantly 

from a single dominant follicle (Graafi an follicle) around 
the mid-to-late proliferative phase

•  Estrogen starts to prepare the endometrium receptors to 
respond to progesterone in the luteal phase

Ovarian Cycle

• Coincides with the late ovarian follicular phase
•  The selection process begins and one becomes dominant 

and continues to grow and mature. The rest of the follicles 
undergo atresia

•  Usually one mature follicle grows to the antral state (two 
if there are twins). As the dominant follicle matures, it will 
secrete increasing amounts of estrogen (see the hormone 
chart)

Uterine Cycle

•  The estrogens that follicles secrete stimulate the formation 
of a new layer of endometrium lining in the uterus 
(proliferative endometrium). Blood vessels and glands 
supply the thickening endometrium

•  Maximum thickness is 11 millimeters late in the follicular 
phase/proliferative phase

•  Increased estrogen levels stimulate the cervix to produce 
fertile cervical mucus, allowing the sperm to pass through 
the cervix and reach the ovum
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follicle, which leads to the release of the mature ovum. 
Which of the two ovaries (right or left) ovulates is en-
tirely random. The mature ovum is then swept up into 
the fallopian tube by the fi mbria.46,49 With ovulation, 
the external os opens slightly and fi lls with mucus; 
in the cervix, the mucus thins to become more perme-
able to sperm.46,49

Sonographic Appearance
Endometrium

The endometrium becomes its thickest during the se-
cretory phase (9 to 14 millimeters).47 It also becomes 
more echogenic in appearance with posterior en-
hancement. The increase in endometrial echogenicity 
is believed to be caused by stromal edema and glands 
distended with mucus and glycogen. The posterior 
acoustical enhancement is considered to be caused by 
stromal edema.48

During the secretory phase, the endometrium will
• Appear uniformly hyperechoic
• Lose its three layer structure and hypoechoic 

 border
• Appear increasingly hyperechoic to the myome-

trium51 (Table 4-6)

Secretory Phase: Days 15 to 22
The Graafi an cavity collapses with the release of the 
follicular fl uid, and the corpus luteum phase of devel-
opment begins. The corpus luteum becomes a site of 
concentrated angiogenesis, resulting in the formation of 

Days 11–12 of the Proliferative Phase
Starting at around days 11 to 13, the prolonged duration 
of elevated estrogen levels triggers the negative feed-
back mechanism. The hypothalamus is stimulated to 
inhibit GnRH production, which in turn inhibits FSH 
and LH secretions (Table 4-4).

Day 13 of the Proliferative Phase 
(Preovulation or Periovulatory Phase): 
Sonographic Appearance
Endometrium

In the late proliferative (preovulatory) phase, the en-
dometrium develops the “three line sign” or becomes 
multilayered. A thin echogenic layer separates the 
echogenic basal layer and hyperechoic inner function-
al layer. At this stage, the endometrium may measure 
as much as 5 to 11 millimeters in thickness. The three 
line sign usually disappears 48 hours after ovulation 
(Table 4-5).48

Secretory Phase (Premenstrual) Day 14 
(Ovulation)
When the Graafi an follicle matures, it secretes enough 
estrogen to trigger a positive feedback. The pituitary 
gland releases a surge of LH. The rise in LH stimu-
lates the developing ovum within the follicle to com-
plete the fi rst meiotic division (meiosis I). The mature 
ovum now forms into a secondary oocyte and meiosis 
II division occurs. LH weakens the wall of the Graafi an 

TABLE 4-4

Proliferative Phase: Days 11–12

Endocrinology

11-12

LH

FSH

Day
LH and FSH 
suppressed by 
negative feedback

Ovary

Graafian follicle

Estrogen

Progesterone

Estrogen

Progesterone

H
or

m
on

e 
le

ve
ls

•  As the estrogen and progesterone levels rise, a negative 
feedback initiates, inhibiting FSH and LH secretions

•  When elevated concentrations of estrogen and 
progesterone reach a specifi c “critical” threshold and 
duration, they stimulate a positive feedback mechanism

Ovarian Cycle

• The Graafi an follicle moves toward the ovarian wall
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lining receptive to implantation and supportive of the 
blastocyst.45,46

The rising levels of estrogen and progesterone in the 
blood trigger the negative feedback control and inhibit 
the production of FSH and LH from the pituitary. The 
levels of FSH and LH begin to fall.

a dense capillary network. This enables the hormone-
producing cells to obtain the oxygen, nutrients, and 
hormone precursors necessary to synthesize and release 
large amounts of progesterone and, to a lesser extent, 
estrogen. Progesterone has an important role in con-
verting the proliferative endometrium into a secretory 

TABLE 4-5

Proliferative Phase: Day 1340

Endocrinology

13

LH

FSH

Day

Ovary

Estrogen

Progesterone

Estrogen

Progesterone

H
or

m
on

e 
le

ve
ls

LH

LH

FSH

Pituitary

•  A surge in LH occurs and FSH levels increase temporarily
•  The LH level starts to rise rapidly 24 to 36 hours before 

ovulation. Under the infl uence of LH, the primary oocyte 
enters the fi nal stage of the fi rst meiotic division

•  LH and FSH begin to decrease to baseline levels almost 
immediately. By the time ovulation occurs, LH and FSH are 
on the decline

Uterine Cycle

• Endometrial glands are nonsecretory at this time

Ovarian Cycle

•  The dominant follicle (Graafi an follicle) completes its fi rst 
meiotic division

TABLE 4-6

Secretory Phase (Premenstrual) Day 14 (Ovulation)47

Endocrinology

14

LH

FSH

Day

Ovary

Ovulation

Ovum

Estrogen

Progesterone

Estrogen

Progesterone

H
or

m
on

e 
le

ve
ls

LH

LH

Pituitary

Cervical mucus
thins

•  A rising level of LH causes the developing egg within the 
follicle to complete the fi rst meiotic division (meiosis I), 
forming a secondary oocyte

•  The LH surge induces the release of enzymes that degrade 
the cells on the surface of the Graafi an follicle

Uterine Cycle

•  The external os opens slightly and fi lls with mucus at 
ovulation

•  Mucus in the cervix thins to become more permeable to 
sperm

Ovarian Cycle

•  LH surge causes Graafi an follicular and ovarian wall to 
rupture, and ovulation occurs



 4 — The Female Cycle 71

FSH and LH will start to rise to begin the next men-
strual cycle.38 (Tables 4-8, 4-9, and 4-10).

ABNORMAL MENSTRUAL CYCLE

AMENORRHEA

Amenorrhea is an absence or cessation of menstrua-
tion. It is a condition that can be transient, intermittent, 
or permanent. It can be the result of a dysfunction of 
the hypothalamus, pituitary, ovaries, uterus, or vagina. 
It is divided into two categories: primary and secondary 
amenorrhea.

Primary Amenorrhea
Primary amenorrhea is when menstruation fails to take 
place. Menarche does not occur in a young girl age 16.52

Secondary Amenorrhea
Secondary amenorrhea occurs in women who have 
started menstruation, but have had the absence of 
menses for the equivalent of three menstrual cycles or 
6 months.52

OLIGOMENORRHEA

Oligomenorrhea is infrequent or very light menstrua-
tion. When a woman has menstrual periods that oc-
cur at intervals of greater than 35 days, with only four 
to nine periods in a year, she is considered to have 
o ligomenorrhea.

If the released mature ovum is fertilized by sperm in 
the fallopian tube, the developing blastocyst implants 
into the endometrium approximately 7 days after ovu-
lation. The implantation of the blastocyst stimulates 
the endometrium to produce hCG, which supports the 
 corpus luteum so that it will continue to secrete pro-
gesterone and estrogen.50 Progesterone thickens the 
endometrium during the pregnancy until it forms the 
 placenta. It also triggers the mucus in the cervix to 
thicken so that sperm or bacteria are less likely to enter 
the uterus (Table 4-7).

If the released mature ovum is not fertilized the cor-
pus luteum starts to degenerate and begins to evolve 
into the corpus albicans, which is a mass of fi brous scar 
tissue. Progesterone and estrogen production stops. 
When estrogen and progesterone levels drop to a cer-
tain level, it initiates a positive feedback control and 
FSH and LH will start to rise to begin the next men-
strual cycle.38 Without a high level of progesterone, the 
endometrium starts to degenerate, which will lead to 
menses. Decreasing levels of progesterone initiate men-
strual shedding.

Secretory Phase: Days 23 to 28
If the released mature ovum is not fertilized the corpus 
luteum starts to degenerate and begins to evolve into 
the “corpus albicans” (which is a mass of fi brous scar 
tissue). Progesterone and estrogen production stops. 
When estrogen and progesterone levels drop to a cer-
tain level it will initiate a positive feedback control and 

TABLE 4-7

Secretory Phase: Days 15–22

Endocrinology

15-22

LH

FSH

Day

Ovum

Corpus luteum

Estrogen

Progesterone

Estrogen

Progesterone

H
or

m
on

e 
le

ve
ls

Cervical mucus
thickens

LH and FSH 
suppressed by 
negative feedback

Endometrial lining
thickens

•  The corpus luteum secretes progesterone
•  The presence of estrogen and progesterone in the blood 

inhibits the production of FSH and LH from the pituitary 
(negative feedback mechanism activates)

•  Progesterone and, to a lesser extent, estrogen are produced 
by the corpus luteum. The corpus luteum evolves under the 
infl uence of the preovulatory surge in LH

•  LH and FSH levels start to fall under negative feedback 
control as progesterone and estrogen levels rise (see 
hormone chart)

Uterine Cycle

•  Increase in progesterone causes the mucus in the cervix 
to thicken so sperm or bacteria are less likely to enter the 
uterus

•  Progesterone with estrogen causes the endometrium to 
thicken and develop additional blood vessels to accept 
the blastocyst

Ovarian Cycle

•  Graafi an cavity collapses with the release of the follicular 
fl uid. The corpus luteum phase of development begins
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TABLE 4-8

Secretory Phase—Days 23–25

Endocrinology

23-25

LH

FSH

Day

Ovum

Corpus albicans

Estrogen

Progesterone

Estrogen

Progesterone

H
or

m
on

e 
le

ve
ls

Progesterone

LH and FSH 
suppressed by 
negative feedback

•  If fertilization does not occur, the corpus luteum 
degenerates and progesterone and estrogen levels fall

Uterine Cycle

•  As progesterone and estrogen levels decrease with the 
degeneration of the corpus luteum, the endometrium 
starts to break down

• Endometrial blood vessels start to necrose

Ovarian Cycle

•  If fertilization does not occur, the corpus luteum 
undergoes atresia, evolving into the corpus albicans

TABLE 4-9

Secretory phase—Days 26–28

Endocrinology

23-25

LH

FSH

Day

Ovum

Corpus albicans

Estrogen

Progesterone

Estrogen

Progesterone

H
or

m
on

e 
le

ve
ls

Progesterone

LH and FSH 
suppressed by 
negative feedback

•  At day 28 of the menstrual cycle, estrogen and 
progesterone are at their lowest levels

•  Negative feedback on FSH is removed, and FSH and LH 
secretion resume

Uterine Cycle

•  Decreasing levels of progesterone initiate the menstrual 
shedding or sloughing of the endometrium
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POLYCYSTIC OVARIAN SYNDROME/
OVARIAN FAILURE (DYSFUNCTION) OR 
PREMATURE OVARIAN FAILURE

Premature ovarian failure (POF) is a primary ovarian 
defect characterized by a lack of menarche (primary 
amenorrhea) or premature depletion of ovarian follicles 
before the age of 40 years (secondary amenorrhea). 
This heterogeneous disorder affects approximately 1% 
of women under 40, 1:10,000 women by age 20, and 
1:1,000 women by age 30.53 POF puts women at risk for 
some other health conditions, such as

• Osteoporosis
• Low thyroid function
• Addison’s disease
• Heart disease risk54

According to the Mayo Clinic, polycystic ovarian 
syndrome (PCOS) is the most common hormonal 
disorder among women of reproductive age. Women 
who have PCOS do not ovulate. They have infrequent 
menstrual periods, excess hair growth, acne, obesity, 
and a much higher risk of high blood pressure and 
stroke. In some cases, women with the disorder have 
enlarged ovaries containing multiple small cysts. 
These cysts are usually located on the outer edge of 
the ovary.55 See Chapter 8 for a detailed discussion 
of PCOS.

MENOPAUSE

Menopause is the transition period in a woman’s life 
usually (but not always) occurring during her late 40s 
or early 50s.The ovaries slowly cease to produce ova, 
and less estrogen and progesterone are produced. 
During the menopausal stage, the hormone levels 
are unstable. Estrogen and progesterone keep surging 
and then reach a low point, until fi nally estrogen and 
progesterone levels become permanently low. The 
constant fl uctuation in hormone levels is the cause 
of the many symptoms of menopause. The ovaries 
slowly stop responding to FSH and LH. Menstruation 
becomes less frequent and eventually stops altogeth-
er. With the cessation of ovarian function, no ovum 
is released, there is no growth of the endometrium, 
and no menses occurs.56 The transition from repro-
ductive to nonreproductive is normally not sudden or 
abrupt, tends to occur over a period of years, and is a 
natural consequence of aging. Once the menopausal 
stage is over, the woman enters the postmenopausal 
stage where estrogen and progesterone levels are con-
stantly low.

Ovaries cease → No ova is → Estrogen production → Endometrium is not → No menses
 to produce ova   released   is decreased   stimulated to   occurs
       proliferate or grow

 PATHOLOGY BOX 4-16 

POSTMENOPAUSE

Postmenopause is the stage that the body enters after 
menopause.

Postmenopausal Uterus
The uterus becomes small and fi brotic because of at-
rophy of the muscles after menopause. Since the ova-
ries fail to produce any follicles after menopause, the 
estrogen level in the blood is reduced and the endo-
metrial lining becomes thin and atrophic. The normal 
uterus size in an ovulating adult is approximately 6 
to 8 centimeters in length, 3 to 5 centimeters wide, 
and 3 to 5 centimeters deep (anteroposterior dimen-
sion). During the postmenopausal years, the uterus 
decreases in size and the endometrium atrophies. The 
postmenopausal uterus measures approximately 3 to 5 
centimeters in length, 2 to 3 centimeters wide, and 2 to 
3 centimeters deep (anteroposterior dimension).39 The 
decrease in uterine size is based on how many years a 
woman has been postmenopausal (Table 4-11).48

Postmenopausal Ovaries
The postmenopausal ovary is a hypoechoic, well- 
defi ned ovoid echo complex and may be diffi cult to 
identify because of the absence of follicles. Postmeno-
pausal ovaries undergo changes such as a decrease in 
size and decreased to absent folliculogenesis. There is 
an inverse relationship between ovarian size and the 
time since menopause. As the length of the postmeno-
pausal period increases, the ovarian size decreases. The 
exception to this inverse relationship is when a patient 
is receiving hormone replacement therapy (HRT). The 
ovary may demonstrate no changes in ovarian volume 
at all.57 The volume size of a postmenopausal ovary 
depends upon the investigator  (Table 4-12).

TABLE 4-11

Uterine Size64–67

    Cervix/
 Length Width AP Corpus
 (cm) (cm) (cm) Ratio

Infantile 2–3 0.5–1 0.5–1 1:2
Neonate 2–5 0.8–2 0.8–2 1:1
Pediatric 5–7 2–3 2–3 1:1
Nulliparous 6–8 3–5 3–5 2:1
 adult
Parous adult 8–10 5–6 5–6 3:1
Postmenopausal 3–5 2–3 2–3 1:1
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endometrium is at its thinnest, and it will be  easier to 
spot irregularities. Generally, if the endometrial thick-
ness is less than 4 to 5 millimeters, cancer can be 
 excluded. If the endometrial thickness is greater than 5 
millimeters, or if the endometrium appears irregular and 
inhomogeneous, further investigation may be needed ei-
ther by a sonohysterography, biopsy, or hysteroscopy.49

Postmenopausal Hormonal Changes Due to 
Estrogen Defi ciency
Estrogen defi ciency produces changes in the female re-
productive system. The vaginal mucous membrane be-
comes thin and loses its rugosity (typical wrinkles in the 
mucosa). The depth of the vaginal vault disappears while 
decreased secretions make the vagina dry. Sexual inter-
course becomes painful and diffi cult because of a “dry 
vagina.” The fat in the labia majora and the mons pubis 
decreases and pubic hair becomes sparse. The vaginal 
opening becomes narrower. Endocervical cells produce 
less cervical mucus and the cervix becomes smaller and 
appears to fl ush with the vagina. The breast also changes 
with a decrease in estrogen. The glandular structure of 
the breasts will start to atrophy, but not the breast fat.61

Postmenopausal Hormone 
Replacement Therapy
HRT was thought to be able to ward off heart disease, 
 osteoporosis, and cancer while improving a woman’s 
quality of life. Doctors prescribed HRT to relieve the 
symptoms resulting from low levels of female hormones. 
But beginning in July 2002, fi ndings emerged from clini-
cal studies that showed long-term use of HRT posed se-
rious risks and may increase the risk of heart attack and 
stroke. HRT can involve the use of either estrogen alone, 
or it can be combined with progesterone or progestin 
in its synthetic form. Estrogen plus progestin actually 
increases the chance of a fi rst heart attack, as well as 
breast cancer, and it increases the risk for blood clots.62

HRT Is Benefi cial for

1. Reducing “hot fl ashes”
2. Helping to keep bones strong; it can help prevent 

osteoporosis
3. Decreasing pain and irritation caused by vaginal 

dryness
4. Raising high-density lipoprotein (“good cholester-

ol”) and lowering low-density lipoprotein (“bad 
cholesterol”)

According to Fleischer et al., the size of the normal, 
sonographically visualized postmenopausal ovary is 
2.2 � 0.7 centimeters in transverse, 1.2 � 0.3 centi-
meters in anteroposterior, and 1.1 � 0.6 centimeters in 
longitudinal axis.

Postmenopausal Endometrium
The normal postmenopausal atrophic endometrium 
(without HRT) appears as a thin, homogeneous, and 
echogenic linear echo within the uterus. It should mea-
sure less than 4 millimeters in double-layer thickness 
and less than 2.5 millimeters in single-layer thickness 
in a sonohysterography. It should also appear smooth 
and uniform in echotexture and not be displaced by any 
submucosal, myometrial abnormalities.60 The exception 
is in women on estrogen therapy. The endometrium in 
an HRT patient may vary up to 3 millimeters when us-
ing cyclic estrogen and progestin therapy. The normal 
postmenopausal endometrium measures 7 millimeters 
or less (Fig. 4-15).48

Postmenopausal Bleeding
Postmenopausal bleeding can occur when a patient 
 experiences endometrial atrophy, endometrial  polyps, 
submucosal fi broids, endometrial hyperplasia, endome-
trial carcinoma, or estrogen withdrawal. The best time 
to image a postmenopausal patient that is bleeding is 
directly after the bleeding has stopped. Presumably, the 

Figure 4-15 This fi gure demonstrates a typical postmenopausal 
fl uid collection. The one-sided measurements of the endometrium 
measure 0.8 millimeters anteriorly and 0.7 millimeters posteriorly (1.5 
millimeters in aggregate).

TABLE 4-12

Postmenopausal Ovarian Volumes58,59

 Schoenfeld et al. Fleischer et al. Aboulghar et al. Goswamy et al.

Normal average 1.3 � 0.7 cm3 2.6 � 2.0 cm3 3.4 � 1.7 cm3 Calculated right ovarian volume at
Postmenopausal     3.58 � 1.40 cm3 (range 1.00–14.01)
 ovary volume     and left ovarian volume at
     3.57 � 1.37 cm3 (range 0.88–10.90)
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between periods or after menopause, so obtaining a 
 patient history is important.64

To determine how far an endometrial carcinoma has 
advanced, the ratio of the anteroposterior (AP) diam-
eter of the total measured endometrial thickness to the 
AP diameter of the uterine corpus is calculated. If it is 
less than 50% the tumor has invaded less than half of 
the myometrium. If the ratio is greater than 50%, the 
tumor has invaded all the way to the outer half of the 
myometrium.65 For more information on endometrial 
carcinoma, see Chapter 9.

SUMMARY

• A complex interaction of hormones regulates the 
menstrual cycle.

• GnRH

• LH

• FSH

• estrogen

• progesterone

• GnRH stimulates the pituitary to synthesize and 
 secrete FSH and LH.

HRT Risks

1. Increased chance of uterine cancer. When estro-
gen therapy is used, it stimulates the endometri-
um to grow and increases the risk of endometrial 
 cancer

2. Both estrogen and progestin increase the risk of 
breast cancer

3. Increased risk of blood clots
4. Both estrogen and progestin increase the risk of a 

heart attack62,63

Postmenopausal Endometrial Lining 
in HRT Patients
In HRT patients, both uterine size and cyclical endo-
metrial changes may stay the same as those seen in a 
premenopausal patient. In general, estrogen therapy in 
the postmenopausal endometrium creates the same ef-
fect as natural estrogens in the normal cycle.56

Postmenopausal Ultrasound
Ultrasound is important in the management of the post-
menopausal patient. One of its most important uses is 
in diagnosing and managing endometrial cancer. About 
90% of patients diagnosed with endometrial cancer 
have abnormal vaginal bleeding, such as bleeding 

 1. Explain the difference between a positive and nega-
tive feedback loop. What is the importance of these 
processes? Give examples of these systems from the 
chapter and other obstetric physiologic processes.
ANSWER: Feedback loops are the interaction 
between opposing physiologic functions where 
the amount of one hormone infl uences changes 
in another hormone. When the system responds 
to changes in the same direction, this is called 
positive feedback. In this chapter this occurs when 
hormone concentrations are low, resulting in an 
increase in hormone production. Changes in the op-
posite direction are called negative feedback and re-
sult in a decrease in hormone production. Positive 
feedback results in an increase in hormone produc-
tion while negative feedback results in a decrease 
in hormone production. If there is no counterac-
tion (negative feedback), systemic hormone levels 
become abnormal.

  The following are a few of the many examples of 
physiologic feedback loops:

  a.  During parturition, oxytocin levels increase, result-
ing in uterine contractions. As labor continues, 
oxytocin levels increase, also increasing the strength 
and duration of the contractions. This positive feed-
back loop continues the process of childbirth.

  b.  As estrogen blood levels increase, the release 
of LH and FSH inhibits secretion (negative 

Critical Thinking Questions
 feedback). In the case of low estrogen levels, LH 
and FSH levels decrease, resulting in an increase 
of estrogen production (positive feedback).

  c.  During menopause, estrogen and progesterone 
levels decrease because of low production by the 
ovaries, resulting in constant FSH and LH produc-
tion. This is a positive feedback system due to 
the lack of estrogen production to counteract LH/
FSH production. Remember, a positive feedback 
system goes in one direction and the negative 
feedback counteracts that direction. In the case of 
menopause, there is a loss of the loop function.

 2. Describe the appearance of the endometrium in 
the late proliferative phase. Discuss the importance 
of this fi nding in patients tracking ovulation. How 
does the endometrium change upon ovulation?
ANSWER: The late proliferative or preovulatory 
phase endometrium images with three layers rep-
resenting the echogenic basal, hyperechoic inner 
functional layer, and the echogenic separating layer. 
At this phase, the double-layer endometrium mea-
sures as much as 11 millimeters. The three line sign 
disappears within 48 hours after ovulation. In the 
postovulatory period, the secretory endometrium 
thickens up to 14 millimeters and begins to lose the 
characteristic three layer appearance. Sonography 
images an endometrium with posterior enhance-
ment uniformly hyperechoic, and the myometrium 
increases in echogenicity.
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• FSH stimulates follicle growth.

• Growing follicles produce estrogen.

• Reversal of negative feedback occurs when estrogen 
rises to the threshold level and an LH surge occurs.

• The LH surge breaks down the Graafi an follicle and 
ovarian walls and ovulation occurs, releasing the 
 mature ovum.

• The corpus luteum forms after ovulation.

• The corpus luteum synthesizes and secretes estrogen 
and progesterone.

• Serum levels of estrogen and progesterone climb 
steadily, suppressing LH output.

• If the ovum is not fertilized, the corpus luteum starts 
to degenerate and begins to evolve into the corpus 
albicans.

• The atresia of the corpus luteum leads to a decline in 
estrogen and progesterone secretions.

• When estrogen and progesterone levels are low, the 
negative feedback control on the GnRH pulse fre-
quency is removed.

• Positive feedback begins and FSH and LH rise to be-
gin the next menstrual cycle.

• If a pregnancy does occur and the developing blasto-
cyst burrows into the endometrium, the cells around 
the developing zygote will produce hCG, which 
maintains the corpus luteum, which in turn produces 
progesterone and estrogen until the placenta takes 
over (approximately 3 months).
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  GLOSSARY 

 Anterior cul-de-sac aka vesicouterine recess. Potential 
space between the uterus and urinary bladder 

 Contralateral On the opposite side 

 Corpora albicantia Fibrous tissue that replaces the 
corpus luteum 

 False pelvis aka greater or major pelvis. Area superior 
to and anterior to the pelvic brim 

 Follicle-stimulating hormone (FSH) Hormone that 
stimulates growth and maturation of the ovarian 
 Graafi an follicle. The anterior pituitary gland secretes 
the hormone 

 Follicular atresia Degeneration and reabsorption of the 
follicle before maturity 

 Fundus Latin anatomic term referring to the portion of 
an organ opposite from its opening 

 Iliopectineal line aka pelvic brim or linea terminalis. 
The inner surface of the pubic and ilium bones contains 
a bony ridge, which serves as the line dividing the true 
and false pelvis 

 Iliopsoas muscle Combination of the psoas major, 
psoas minor, and iliacus muscles 

 Hypertrophy Increase in size 

 Ipsilateral On the same side 

 Linea terminalis aka innominate line. Line drawn from 
the pubic crest to the arcuate line dividing the true and 
false pelvis 

KEY TERMS

false pelvis | true pelvis | sacrum | coccyx | innominate | rectus abdominis muscle | 
psoas major muscle | iliopsoas muscle | linea terminalis | obturator internus muscle | 
piriformis | puborectalis muscle | levator ani muscles | transperoneal | bladder trigone | 
posterior enhancement | myometrium | endometrium | retrofl ex | antefl ex | anteversion | 
retroversion | cardinal ligaments | uterosacral ligaments | round ligaments | broad 
ligament | posterior cul-de-sac | pouch of Douglas | recto-uterine pouch | Graafi an 
follicle | follicle-stimulating hormone (FSH) | internal iliac artery | uterine artery | 
ovarian arteries | bimanual maneuver

OBJECTIVES

Identify the bony structures within the pelvic skeleton, pelvic muscles, and pelvic organs

Differentiate between the true and false pelvis

Discuss the sonographic techniques used for pelvic evaluation

List the segments, muscle layers, size and shape, and positional variants of the uterus

Explain the location of the fallopian tubes, ovaries, suspensory ligaments, ureters, and 
vasculature within the pelvis

Describe the normal sonographic appearance of the gynecologic, bowel, and vascular 
structures

Summarize transabdominal sonography (TAS) and endovaginal sonography (EVS) 
examination techniques for pelvic imaging

Explain the use of color, power and spectral Doppler, as well as 3D image data set 
acquisition of the pelvic organs.

 5  Normal Anatomy of the 
Female Pelvis
Sanja Plavsic Kupesic and Tricia Turner
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 Ultrasound is one of the most popular imaging modali-
ties used to evaluate the female pelvis. Modern ultra-
sound units provide high-resolution images of pelvic 
anatomy and pathology without the need for extensive 
prescan preparation or use of ionizing radiation. 

 The use of diagnostic ultrasound began in the mid-
1970’s. The two most common techniques are trans-
abdominal sonography (TAS) and transvaginal sonog-
raphy (TVS), also known as endovaginal sonography 
(EVS). These techniques are complementary, and ultra-
sound laboratories perform both examinations. 

 TAS provides a global view of the pelvic anatomy 
and enables the sonographer to visualize the true and 
false pelvis, allowing imaging of physiological and 
pathological changes. TAS also permits evaluation of 
anatomy and pathology related to the urinary blad-
der and abdominal wall muscles. TAS utilizes lower 
frequency settings, which results in a greater depth of 
anatomic coverage. The use of lower frequencies results 
in a trade-off in a decrease in anatomic resolution. 

 A fi lled urinary bladder and a curvilinear broad-
band transducer in the 3 to 5 MHz range provide op-
timal imaging for the transabdominal exam. The full 
bladder displaces the gassy bowel away from the fi eld 
of view, providing an acoustic window to visualize 
pelvic structures. Drinking approximately 32 ounces 
of fl uid prior to the exam hydrates the patient, with 
dehydrated patients requiring more fl uids to adequate-
ly fi ll the bladder. An alternate fi lling method is via a 
pre-existing Foley catheter. The scanning technologist 
must be considerate of the pressure applied on the full 
bladder, as this may be uncomfortable. The presence 
of free fl uid in the pelvis enhances visualization of the 
uterine borders and possibly reveals the broad liga-
ment and fallopian tubes. 

 Limitations of TAS include a decrease in anatomic 
resolution due to use of lower ultrasound frequencies, 
patient discomfort from a full bladder, and possible 
time constraints due to bladder fi lling. 

 Endovaginal techniques allow a more direct as-
sessment of the pelvic anatomy with shorter scanning 
distances and less interference from the bowel. The 
distance between the transducer and the ovary using 
EVS is half of that for TAS. Endovaginal imaging allows 
for the use of a higher frequency transducer, thus in-
creasing detail due to the close proximity of the pelvic 
organs. Most endovaginal transducers supply a broad-
band frequency range between 5 and 9 MHz. 

 The routine EV exam requires an empty urinary 
bladder. In the case of placenta previa assessment, a 
slight residual of urine helps identify and image the 
internal os of the cervix. EVS may be used not only 
as a diagnostic, but also as a therapeutic modality 
to guide the invasive procedures. Tables 5-1 and 5-2 
summarize various applications of EVS. Limitations 
of EVS include a smaller fi eld of view and possible 
patient discomfort due to transducer manipulation. 
Contraindication of EVS includes premature rup-
ture of membranes, as this may introduce an infec-
tion, and in  prepubertal virgins. Table 5-3 provides 
a summary of the advantages and disadvantages of 
both transabdominal and endovaginal sonographic 
 techniques. 

 A thorough knowledge of the gross and cross- 
sectional anatomy of the female pelvis is essential for 
the sonographer who is examining the pelvis. Under-
standing pelvic anatomy begins by building a mental 
picture of pelvic layers, beginning with the osseous 
structures. 

 Space of Retzius aka properitoneal space. Space 
 between the pubic symphysis and urinary bladder 

 True pelvis aka lesser or minor pelvis. Portion of the 
pelvic cavity inferior and posterior to the pelvic brim 

 Orthogonal At right angles (perpendicular) 

 Pouch of Douglas aka posterior cul-de-sac or rectouter-
ine recess. Potential space between the rectum and uterus 

 Serosa Serous membrane enclosing an organ that often 
excretes lubricating serous fl uid 

TABLE 5-1

Diagnostic Applications of Transvaginal Ultrasound

Early detection of intrauterine pregnancy
Direct and indirect signs of ectopic pregnancy
Detection of early pregnancy failure and pathology
Detection of embryonal and early fetal anomalies
Location, numeration, and chorionicity in multiple gestations
Early dating by biometry
Diagnosis of placenta previa
Monitoring cervical dynamics to rule out cervical 
 incompetence
Evaluation of the presenting fetal part in patients with 
 oligohydramnios
Scanning of fetal head in cephalic presentations
Diagnosis of uterine disease
Detection of uterine malformations
Detection and scoring of ovarian lesions
Evaluation of posterior cul-de-sac
Monitoring follicular growth
Periovulatory monitoring of endometrial, cervical, and 
 pelvic changes
Evaluation of nongynecologic lesions (i.e., urinary bladder 
 and tract, and bowel)
Evaluation of urodynamics
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and coccyx form the posterior wall of the pelvis, and 
the innominate bones form the lateral and anterior 
walls (Fig. 5-2). The innominate bones join posteri-
orly at the sacrum and anteriorly in the midline at 
the symphysis pubis. The outer surface of each of the 
innominate bone forms the acetabulum, the socket for 
the femoral head. 

 The sacrum and coccyx are modifi ed segments of the 
vertebral column. The sacrum consists of the fi ve sacral 
vertebrae, and the coccyx (vestigial tail of the humans) 
consists of four fused coccygeal vertebrae (Fig. 5-3). 
Between the sacrum and coccyx is an articulation that 
permits antero-posterior (AP) minimal motion. 

 The female pelvis serves three principal functions. 
First, it provides a weight-bearing bridge between the 
spine and the bones of the lower limbs through the sa-
crum and the innominate bones. Second, it directs the 
pathway of the fetal head during childbirth (parturi-
tion). Third, it protects reproductive and other pelvic 
organs. 

 Pelvic bones defi ne two distinct spaces, the true 
pelvis and the false pelvis, which are separated by an 
imaginary line (the linea terminalis) extending from the 
sacral prominence (promontory) along the inner sur-
face of the innominate bone down to the symphysis 

TABLE 5-2

Procedures Guided With Transvaginal Ultrasound (TVS)

TVS-Guided Procedure Indication Alternative Procedures Observations

Puncture of ovarian cyst Ovum retrieval
Histology

Laparoscopy
Laparotomy

Treatment of ectopic pregnancy Tubal, cornual, ovarian, or 
 cervical ectopic

Laparotomy
Laparoscopy

Reduction of multifetal 
 pregnancy

Super-multifetal pregnancy
Twin with major anomaly

Timely reduction 
  compared to 

transabdominal 
sonography

Drainage of pelvic content Pelvic abscess
Peritoneal cysts
Postoperative collection of blood 
 or lymph

Laparotomy
Laparoscopy

Culdocentesis Ectopic pregnancy
Corpus luteum rupture

Blind culdocentesis

Early amniocentesis Rarely performed

Chorionic villus sampling (CVS) Multiple anterior uterine fi broids Abdominal CVS
Cervical CVS

Rarely performed

Coelocentesis Early extra amniotic cytogenetics Rarely performed

Hysterosonography Pathology of the endometrial 
 cavity

Dilatation and curettage
Hysteroscopy

Salpingosonography
Saline
 Contrast medium
 Air

Pathology of the 
 fallopian tube

Laparoscopy
Hysterosalpingography

TABLE 5-3

Advantages and Disadvantages of Transabdominal 
and Endovaginal Ultrasound

Exam Type Advantages Disadvantages

Endovaginal Use of higher 
 frequency
Better resolution
Proximity to area 
 of interest
Empty bladder

Smaller fi eld of 
 view
Discomfort for 
 patient
Limited patient 
 population

Transabdominal Global view
Perform on 
 everyone
Applicable 
  to all patient 

populations

Lower frequency 
 requirement
Anatomic resolution
Discomfort due to 
 bladder fi lling

 THE PELVIC SKELETON 
 In adults, the osseous pelvis is a ring composed of 
four bones: the sacrum, the coccyx, and the two large 
innominate bones, which result from fusion of the ili-
um, ischium, and pubic bones (Fig. 5-1). 1  The sacrum 
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A  Medial view

B  Lateral view

Iliac crest

Iliac fossa

Iliac tuberosity

Posterior superior iliac spine

Posterior inferior iliac spine

Auricular surface
Greater sciatic notch

Arcuate line

Ischial spine

Lesser sciatic notch

Obturator groove

Obturator foramen

Ischial tuberosity

Anterior superior iliac spine

Anterior inferior iliac spine

Iliopubic eminence

Superior pubic ramus

Symphyseal surface

Ischiopubic ramus:
    Inferior pubic ramus
    Ischial ramus

Gluteal lines:
    Inferior
    Anterior
    Posterior

Posterior superior iliac spine

Posterior inferior iliac spine

Greater sciatic notch

Ischial spine

Lesser sciatic notch

Ischial tuberosity

Iliac crest

Iliac tubercle

External lip of iliac crest

Anterior superior iliac spine

Anterior inferior iliac spine

Acetabulum

Acetabular notch

Pubic pecten

Pubic tubercle

Obturator foramen

Ischiopubic ramus:
    Inferior pubic ramus
    Ischial ramus

Figure 5-1 Medial and lateral view of the pelvis.
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pubis anteriorly (Figs. 5-4 to 5-6). 1  The true pelvis, situ-
ated below the linea terminalis, has a horizontally ori-
ented inlet and a vertically oriented outlet (Fig. 5-7). 
The inlet of the true pelvis is entirely, and the outlet 
only partially, walled by bone (Figs. 5-2, 5-5, and 5-6). 
It is apparent that other structures fi ll in the gaps, and 
these include the membranes, ligaments, and muscles 
of the pelvic fl oor. 

 THE PELVIC MUSCLES 
 Muscles forming much of the abdominal body wall and 
lining the osseous framework of the pelvis easily image 
with ultrasound. Most are bilaterally symmetric paired 
structures. The pelvic skeletal muscles, along with the os-
seous pelvis, defi ne the limits of the space examined with 
pelvic sonography. The sonographer should be able to rec-
ognize these pelvic muscles to avoid confusing them with 
masses. Skeletal muscles appear hypoechoic compared to 
fat or smooth muscle and exhibit linear internal echoes 
outlining the muscle bundles (Fig. 5-11). Echogenic fascia 
and retroperitoneal fat outline the muscle borders. 

 Two muscles commonly demonstrated on transverse 
pelvic scans, the rectus abdominis and psoas, also ex-
tend through the abdominal region. The rectus abdomi-
nis muscles form much of the anterior body wall. They 
extend from the costal cartilages of the fi fth, sixth, and 
seventh ribs, and the xiphoid process to the symphysis 
pubis and the pubic crest (Fig. 5-8). 2  On cross-sectional 
imaging, the rectus muscle has an ovoid or lens shape, 
most pronounced in the lower abdomen. 

 The psoas major muscle originates from the lower 
thoracic and the lumbar vertebrae. 2  This cylindrical 
muscle then courses laterally and anteriorly as it de-
scends through the lower abdomen (Fig. 5-9). Above 
the level of the fourth lumbar vertebra (L4), the psoas 
closely attaches to the lateral margins of the spine. At 
about L5, it separates from the spine and changes the 
course more laterally, creating a gutter or troughlike 
space with the spine. The common iliac vessels run 
through this space. Below the level of the iliac crest, fi -
bers of the psoas major lie adjacent to or begin to inter-
digitate with the fi bers from the medial aspect of the 
iliacus muscle, thus creating the iliopsoas. This com-
posite muscle continues its lateral and anterior course 
through the false pelvis, passing over the  pelvic brim to 
insert on the lesser trochanter of the femur. 

 Through most of the false pelvis, the cross-sectional 
shape of the iliopsoas is that of an oddly shaped hook with 

(text continued on page 91)
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Figure 5-2 The female pelvis viewed from the front. Act, acetabu-
lum; Inn, innominate bone; Sc, sacrum; Cx, coccyx.
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Figure 5-3 A: Ventral and (B) lat-
eral surfaces of the adult sacrum 
(S) and coccyx (C). Five fused ver-
tebral bodies form the sacrum, and 
four fused bodies form the coccyx. 
The shallow S-shaped curve that 
these bones create establish the 
posterior wall of the pelvis. (A, 
articulation between sacrum and 
coccyx.)

PATHOLOGY BOX 5-1

Organs of the Female True and False Pelvis

True  Pelvic colon, rectum, bladder,
  uterus, ovaries, fallopian 

tubes, vagina, suspensory 
ligaments

False Ileum, sigmoid colon
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Lt

FpFp

Tp

Figure 5-4 The true and false pelvic cavities. The wide but shallow 
false pelvis (Fp) surrounds the deep central true pelvis ( Tp). The di-
viding line between the two spaces is the linea terminalis (Lt).
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Figure 5-5 Pelvis viewed from the side with the left innominate 
bone removed. The linea terminalis (innominate line) is made up of 
the pectineal line and the arcuate line. Sp, sacral protuberance; Al, 
ala (wing) of the ilium bone forming iliac fossa; Ic, iliac crest; ASs, 
anterior superior iliac spine; Als, anterior inferior iliac spine; Pt, pubic 
tubercle; ISt, ischial tuberosity; ISs, ischial spine; Gsn, greater sciatic 
notch; LSn, lesser sciatic notch; IFr, inferior ramus of pubis; Of, obtu-
rator foramen; SRp, superior ramis of pubis; IPe, iliopubic eminence; 
Pl, pectineal line; ARI, arcuate line.

Symphysis
pubis

Diagonal
conjugate

Linea
terminalis
(pelvic inlet)

Coccyx
Pelvic
outlet

Ischial
spine

Ischial
tuberosity

True
pelvis

False
pelvis

Figure 5-6 True and false pelvis. Portion above linea terminalis is 
false pelvis; portion below is true pelvis. Arrow shows “stovepipe” 
curve that the fetus must follow to be born.

Pelvic Inlet Midpelvis Pelvic Outlet

Figure 5-7 Shape of the true pelvis at its inlet, midpelvis, and outlet. 
Although the inlet and outlet are similar in shape, their axes differ 
by 90 degrees, which affects the orientation of the fetal head during 
parturition.

PATHOLOGY BOX 5-2

The Pelvis Muscles

Region Muscle Location

Abdominopelvic Rectus abdominis
Psoas major

Anterior wall
Posterior wall

False pelvis Iliacus Iliac fossa
True pelvis Obturator internus

Piriformis
Coccygeus
Levator ani

Lateral wall
Posterior wall
Posterior fl oor
Middle and anterior fl oor
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Pectoralis major muscle

Serratus anterior muscle

Linea alba

External abdominal
oblique muscle
ad aponeurosis

Semilunar line

Anterior superior
iliac spine

Inguinal ligament

Intercrural fibers arching
over superficial
inguinal ring

Lateral crus of
superficial inguinal ring

Medial crus of
superficial inguinal ring

External
spermatic fascia

Skin and dartos muscle and fascia (cut)

External spermatic fascia
(cut)

Cremaster muscle

Inguinal ligament

Anterior superior
iliac spine

Internal abdominal oblique
aponeurosis and muscle

External abdominal oblique
aponeurosis and muscle (cut)

Costal margin

A
Figure 5-8 A,B: The rectus abdominis muscles seen from the front. The left and right columns of muscle are separated by the midline linea 
alba and are interrupted by transverse tendinous intersections at the level of the umbilicus, between the umbilicus and the xiphoid, and at the 
xiphoid process. (continued)
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Rectus abdominis muscle

Pectoralis major muscle (cut)
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B
Figure 5-8 (continued)
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C1 Cross-section superior to arcuate line

C2 Cross-section inferior to arcuate line

Anterior layer of rectus sheath:
    External abdominal oblique aponeurosis
    Internal abdominal oblique aponeurosis
    Transversus abdominis aponeurosis

Transversalis fascia

Linea alba

Rectus abdominis muscle

Parietal peritoneum
Extraperitoneal connective tissue

Transversalis fascia
Transversus abdominis muscle

Internal abdominal oblique muscle
External abdominal oblique muscle

Superficial fascia
Skin

Parietal peritoneum
Extraperitoneal connective tissue

Transversalis fascia
Transversus abdominis muscle

Internal abdominal oblique muscle
External abdominal oblique muscle

Superficial fascia
Skin

Semilunar line

Aponeurosis of internal abdominal
oblique muscle (splitting)

Rectus abdominis muscle

Linea alba

Plane of section C1

Plane of section C2
Anterior layer of rectus sheath:
    External abdominal oblique aponeurosis
    Anterior layer of internal abdominal oblique aponeurosis

Posterior layer of rectus sheath:
    Posterior layer of internal abdominal oblique aponeurosis
    Transversus abdominis aponeurosis

Transversalis fascia

Figure 5-8 (continued) C: Cross-section views of the abdominal muscles at the upper and lower abdominal areas.
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Caval foramen (transmitting inferior
vena cava and right phrenic nerve at T8)

Central tendon

Arcuate ligaments:
    Median
    Medial
    Lateral

Quadratus
lumborum muscle

Psoas major
muscle

Psoas minor
muscle**

Iliacus muscle

Anterior longitudinal ligament

Lacunar ligament
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(trasmitting esophagus and vagal trunks at T10)
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Lumbocostal triangle is present in 80% of cases
Psoas minor muscle is present in 50% of cases

*
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Figure 5-9 Muscles of the posterior body wall and the false pelvis, viewed from the front.
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a bulbous medial limb (Fig. 5-10, section 4). On sagittal 
ultrasound scans, these muscles appear as a long, dark 
strip with a posterior margin coursing upward toward 
the anterior wall as the body muscle complex  descends 
through the pelvis (Fig. 5-11). The iliopsoas does not 
 enter the true pelvis. In the false pelvis, its  medial margin 
crosses the linea terminalis and thus marks the border 
between the true and false pelvis (Fig. 5-12). 

 Within the true pelvic space is the obturator internus 
muscle (Fig. 5-13). This triangular sheet of muscle origi-
nates as bands of fi bers anchored along the brim of the true 
pelvis and from the inner surface of the obturator mem-
brane, which closes the obturator foramen. 2  The muscle 
extends posteriorly and medially along the sidewall of the 
true pelvis, passing beneath the levator ani muscles to exit 
from the pelvic space through the lesser sciatic foramen. 
Because it lies parallel and adjacent to the lateral pelvic 

1

1

2

2

3

3

4

4

Ps

Ps

Ps

Ilc

Ilp

Figure 5-10 Shape of the iliopsoas muscles on cross-section at various levels in the abdomen and pelvis. Ps, psoas; Ilc, Iliacus; Ilp, iliopsoas.

Figure 5-11 Endovaginal image demonstrating the psoas major and 
iliac muscles (between arrows) in the true pelvis adjacent to the ovary 
(Ov). Faint lines within the muscle arise from the fi ber bundles and fascial 
planes. Note the upward slant of the posterior wall of the muscle group.
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Figure 5-13 A: Lateral view of pelvis with the deep pelvic 
sidewall muscles. The piriformis muscle exits the true pelvis 
through the greater sciatic foramen; the obturator internus 
exits the true pelvis through the lesser sciatic foramen. 
These foramina are defi ned by the sacrospinous and the 
sacrotuberous ligaments. B: The obturator internus muscle 
exhibits a tendinous band that runs anterior to posterior 
across the muscle. This band is the point of attachment for 
the pelvic diaphragm, which is in part suspended from the 
surface of the obturator internus muscle.

Piriformis muscle

Ischial spine

Coccygeus muscle

Levator ani muscle:
    Iliococcygeus muscle
    Pubococcygeus muscle
    Puborectalis muscle

Arcus tendineus
levator ani

Levator ani muscle

Sacrotuberous
ligament (cut)

Coccygeus muscle
(seen through
sacrospinous ligament)

Sacrospinous
ligament (ghosted)

Piriformis muscle

B  Lateral view

Obturator canal

Arcus tendineus
levator ani

Obturator internus
muscle and fascia

A  Medial view

Figure 5-12 Transverse scan of the midpelvis. The iliopsoas muscle 
complex (arrows) is almost always seen on transverse pelvic scans. 
The bright echo (open arrow) within the muscle arises from the femo-
ral nerve, the iliopsoas tendon, and fat fi lling a groove formed by the 
line of fusion between the two contributor muscles. Although the 
anatomic location of this bright echo complex is not actually central 
to the iliopsoas composite muscle, it usually appears central on the 
sonogram because the lateral region of the iliacus is rarely seen be-
cause of superimposed bowel gas. UBI, urinary bladder; Ut, uterus.
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BA
Figure 5-14 A: Transverse scan of the pelvis demonstrates the obturator internus muscle as a thin, hypoechoic strip (black arrows) adjacent to 
the lateral pelvic wall. The upper margin of the muscle is just below the brim of the pelvis. The levator ani muscle group is also well seen (open 
arrows). UBI, urinary bladder; CvX, cervix; Cx, coccyx; M, mass adjacent to cervix; Ilp, iliopsoas muscle. B: Forming the fl oor of the true pelvic 
space is the levator ani muscle group (arrows), which attaches to the medial surface of the obturator internus muscle (open arrows). UBI, urinary 
bladder; La, levator ani muscle; R, rectum; Va, vagina.
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Figure 5-15 A more detailed view of the pelvic muscles with the pel-
vic diaphragm in place. The ragged edges along the tendinous band 
of the obturator internus are the cut edges of the fascial membrane 
that covers these muscles. The major orifi ces that pass through the 
pelvic diaphragm are also shown. Oi, obturator internus muscle; Pr, 
piriformis muscle; Tb, tendinous band; CcG, coccygeus muscle; IlG, 
iliococcygeus; PcG, pubococcygeus; U, urethra; Va, vagina; R, rec-
tum; If, iliac fossa.

wall, the obturator internus is diffi cult to identify on a sag-
ittal ultrasound image. At normal gain levels it is often 
obscured on transverse scans as well; however, when it is 
visible, the obturator appears as a thin, hypoechoic, verti-
cal strip lining the wall of the  pelvis (Fig. 5-14). 

 Deeply posterior in the true pelvis is another rough-
ly triangular muscle, the piriformis, which originates 
from the sacrum and then courses laterally through the 
greater sciatic foramen and inserts on the greater tro-
chanter of the femur (Fig. 5-15). 2  Unless the urinary 
bladder is very full, the piriformis is usually obscured 
by overlying bowel gas in the sigmoid colon. 

 A complex group of mutually similar muscles collec-
tively forms a two-layered pelvic diaphragm forming the 
fl oor of the true pelvis. The outermost layer is composed 
of the muscles of the perineum, which are rarely identifi -
able in transabdominal ultrasound images. In contrast, 
the innermost layer of the pelvic diaphragm commonly 
visualizes in transverse ultrasound images. The named 
muscles of the innermost group include, from posterior 
to anterior, the coccygeus, the iliococcygeus, and the pu-
bococcygeus, a part of which is classifi ed as the puborec-
talis muscle (Figs. 5-15 and 5-16). 2  The iliococcygeus, 
pubococcygeus, and puborectalis are more correctly de-
scribed as the  levator ani muscles. Most authors include 
the coccygeus as part of the levator ani, but some do not 
because it functions only to support the sacrum. 

 The levator ani is similar to a hammock stretched 
between the pubis and the coccyx. Its lateral margins 
attach to a thickened band of the fascia that covers the 
obturator internus muscle, thus anchoring the levator 
ani to the lateral pelvic walls. 2  In the midline, fi bers from 
the levator ani insert on the walls of the rectum, vagina, 
and urethra as they pass through the pelvic  diaphragm. 

 The levator ani and the gravity resist increased in-
traabdominal pressure, such as in coughing or straining, 

holding the pelvic organs in place (Fig. 5-17). 2  If these 
muscles fail in their function, one of the results is pro-
lapse of the pelvic organs through the pelvic fl oor. 

 THE PELVIC ORGANS 
 The pelvic organs are (1) the external genitalia, (2) the uri-
nary bladder and urethra, (3) the uterus, fallopian tubes, 
and vagina, (4) the ovaries, and (5) the colon and rectum. 
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membranous fascia. The peritoneum covers the surface 
and the organs reside within the pelvis. Most of the 
organs of the female pelvis—the urinary bladder, uter-
us, and rectum—are extraperitoneally located. From a 
practical standpoint, however, the pelvic organs should 
be conceptualized as being inside the area defi ned by 
the pelvic walls. These organs constantly change size 
as the urinary bladder and rectum expand and contract. 
The uterus also expands during pregnancy, contracting 
after the birth of the fetus. 

 The arrangement of the organs within the pelvic 
space (Fig. 5-18) facilitates dimensional changes, but it 

 Before beginning a detailed examination of the or-
gans of the female pelvis, the reader should take a mo-
ment to conceptualize the various layers of the pelvic 
walls formed by the bones, muscles, aponeuroses, and 
tendons. Like the walls of a house, this wall provides 
a relatively rigid framework that supports a layer of 
fascia composed of loose connective tissue through 
which runs the “plumbing” ( arteries, veins, and lym-
phatics) and the “electrical and communication lines,” 
the nerves. Almost everywhere in the pelvis, a layer of 
insulation (the retroperitoneal fat, which lies between 
the peritoneum and the endopelvic fascia) covers the 
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Figure 5-17 Relationship of the pubo-
coccygeus muscle of the levator ani to 
the orifi ces that pass through the pelvic 
diaphragm.
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Figure 5-16 A view from above and posterior into the true pelvis. Relate the position of the muscles in this view to the view shown in Figure 5-15.
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 symphysis pubis by an interposed pad of extraperito-
neal fat in the space of Retzius, or preperitoneal space. 3  
The posterior wall is composed largely of the trigone 
region, which is defi ned by the orifi ces of the two ure-
ters and the urethra (Fig. 5-19). A thin layer of fat and 
connective tissue separates the anterior vaginal wall 
from the bladder, with a thicker, rigid area indicating 
the trigone region. The superior wall, the dome of the 
bladder, is covered by the parietal peritoneum and usu-
ally is in contact with the anterior wall of the uterus, 
which folds forward to rest on the dome (Fig. 5-18). 

 The walls of the urinary bladder are composed of 
three layers, but only two are visible on sonography. 
The thick middle muscularis layer or detrusor muscle 
is composed predominantly of smooth muscle fi bers, 
which give the bladder its contractility. The outer se-
rosal layer is not visible in ultrasound scans because 
it is thin and in intimate contact with adjacent layers 
of fascia and fatty tissues that cover most of the ante-
rior and posterior walls. The inner layer of the bladder 
is the mucosa, which is very echogenic. Sonographic 
demonstration of the muscularis and mucosa depends 
on the degree of bladder fi lling. When the urinary blad-
der is empty, the bladder mucosa is quite thick and 
 easily demonstrated (Fig. 5-20A). The distended bladder 
stretches the mucosal lining, resulting in thinning and 
the inability to identify the mucosa as a discrete layer. 

 Extending from the kidneys are the two ureters, 
which carry urine from the kidneys into the bladder. 
The urethra conducts urine from the bladder, crossing 
into the pelvic inlet anterior to the common iliac ar-
tery bifurcation, coursing posterior to the ovary, and 
lateral to the vagina to terminate at the urethral orifi ce. 
The urethra lies between the labia minora of the exter-
nal female genitalia. The thickened muscular internal 
sphincter surrounds the urethra marking the urethral 
exit. Sagittal sonographic images of this area often vi-
sualize this structure (Fig. 5-20B). 

 Peristaltic contraction of the ureter walls transports 
urine into the bladder. As the contraction reaches 
the bladder, back pressure from the bladder must be 
overcome; the ureteral valve pops open and a bolus 
of urine enters the bladder in a brief jet (Fig. 5-21). 
Urine jets routinely image on sonography with high 
gain in gray-scale imaging or with color Doppler, but 
the jet is transient and the echoes disappear quickly. 
The cause of these echoes is the subject of debate, 
but it is probable that the pressure differential be-
tween the jet and the surrounding urine is suffi cient 
explanation. Urine in the renal calyces, pelvis, ure-
ters, and urinary bladder is normally sterile and com-
pletely anechoic. 

 The contour of the urinary bladder does not change 
 uniformly as it expands with fi lling. The dome is the 
most distensible region of the bladder, so it might be 
expected to expand uniformly in the cephalad direc-
tion, but two factors dictate nonuniform expansion of 

Figure 5-18 Midline view of the female pelvis. Va, vagina; UBI, uri-
nary bladder; Ur, urethra; SR, space of Retzius; SyP, symphysis pubis; 
Ut, uterus; R, rectum.

Va UBI Ur SR SyP

Ut

R

also means that the position and contour of each organ 
varies in response to the degree of fi lling of the other 
organs that share the same space. These variations dra-
matically affect the ultrasound image, as is described 
later in this chapter. 

 THE EXTERNAL GENITALIA 

 Before insertion of the endovaginal transducer, the so-
nographer should carefully inspect the female perine-
um, the area located between the vulva and the anus. 
The female pubic hair forms a triangle with its base 
located on the superior surface of the mons pubis. The 
labia majora are easily visible. The clitoris and its hood 
are visible at the superior end of the labia majora. In 
young females, the labia minora may not be visible be-
tween the labia majora. The labia minora open to fl ank 
the vestibule of the vagina, which receives the urethral 
caruncle and ostium of the vagina. Sonography also al-
lows imaging of the female labia, perineum, and ure-
thra via transperitoneal ultrasound. 

 THE URINARY BLADDER AND URETHRA 

 The urinary bladder is a thick-walled, highly distensible 
muscular sac that lies between the symphysis pubis and 
the vagina. When empty, its shape on a sagittal section 
is an inverted triangle with the apex, which is posterior 
to the pubic bones, at the orifi ce of the  urethra. 

 The anterior surface of the bladder is loosely 
 anchored to the pubic arch by fi brous connective tissue 
(the  pubovesical ligament) but is separated from the 
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the bladder walls. First, the trigone is thicker and more 
rigid; second, the bladder must accommodate the space 
requirements of the other organs in the pelvis, chiefl y 
the uterus. Because the uterus is normally anteverted 
and rests on the posterior and midregions of the dome, 
the anterior bladder wall has the least resistance to 
expansion. This  region needs to displace only highly 

mobile loops of small  bowel, which normally fi ll any 
unoccupied space in the true pelvis. The anterior part 
of the urinary bladder expands upward, resulting in the 
typical asymmetric shape of the distended bladder on 
sagittal section (Fig. 5-22). 

 Because the bladder contour molds to or “refl ects” 
structures with which it is in contact, the examiner 

Figure 5-19 Cutaway view of the posterior wall of the urinary bladder. The ureters enter the bladder at the level of the cervix and on the 
posterior and inferior wall of the bladder. Their passage through the bladder wall is oblique, forming a passive valve system that resists urine 
refl ux. Orientation of the bladder has the base anterior to the vagina, neck resting on the urogenital diaphragm, and the apex posterior to the 
pubic bones.
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Figure 5-20 A: Sagittal scan in midline. When the urinary bladder contains only a small amount of urine, the bladder walls (arrows) are thick 
and easily demonstrated. B: Sagittal scan in midline. When fully distended, the bladder walls (open arrows) nearly disappear from the image. 
The “urethral hump” formed by the internal sphincter is clearly visible in this scan (solid arrows). UBI, urinary bladder; Ut, uterus; Va, vagina.
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Figure 5-21 A: Sagittal scan slightly to the left of midline. The ure-
teric valve is visible occasionally as a small projection (arrow). When 
the valve structure is normal, this projection appears only briefl y as 
the valve pops open. If persistent, it may represent a ureterocele. This 
image is also a good example of the typical reverberation artifact 
(R), which occurs as a result of the repeated refl ection of the acoustic 
beam between the tissue layers. B: A slightly oblique transverse scan 
shows the left urtric valve (arrow) anterior to the vagina ( Va). C: Color 
Doppler of the region of the ureteric orifi ces often shows dramatic 
plumes of color when the jets enter the urinary bladder.

Figure 5-22 Contours of the urinary bladder with progressive fi lling. 
The uterus is shown in its initial position, folded forward over the 
dome of the empty urinary bladder. For clarity, the corresponding 
positions of the uterus are not shown, although the indentation of 
the posterior bladder wall by the uterus is indicated for each stage 
of fi lling.

should carefully examine the urinary bladder before 
trying to determine the identity and relationship of 
other structures in the pelvis. The urinary bladder con-
tours provide a “reverse map” of the pelvis (Figs. 5-23 
and 5-24). In addition, urine in the bladder provides 
both a window and a reference standard. Like water, 
urine attenuates ultrasound frequencies only slight-
ly, permitting transmission deep into the pelvis with 
minimal attenuation. If there are echoes in the urine 
(with the exception of the normal anterior wall rever-
beration artifact seen on transabdominal sonography), 
then either the gain setting is too high or the urine is 
abnormal. 

 Cell casts from the renal tubules and uric acid 
crystals can cause punctate echoes in the urine, but 
sonographers encounter these only rarely. More of-
ten, echoes in the urine represent “noise” associated 
with a high gain or power output level. If such false 
echoes appear in the urine, they will also appear in 
soft tissues, making identifi cation diffi cult. The most 
common technical error in gynecologic sonography is 
 excessive gain obscuring subtle details within the soft 
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Figure 5-23 The urinary bladder contour is directly infl uenced by the presence of the uterus within the defi ned space of the pelvis. When 
the uterus has been surgically removed or is congenitally absent, the bladder contour is distinctly deltoid (A). The normal antefl exed uterus 
creates a gentle indentation of the moderately distended bladder (B). The degree of indentation is infl uenced by the size of the uterus and 
the degree of bladder fi lling. If overdistended, the bladder can compress the uterus excessively, altering the uterine shape and echo pattern 
(C). The ideal degree of fi lling results in extension of the bladder one to two centimeters above the fundus of the uterus, while preserving the 
normal uterine contour.

A B

Figure 5-24 The cephalad margin of the urinary bladder can provide an important clue to the presence of a mass superior to the urinary 
bladder and uterine fundus (A). If the bladder is only moderately distended, it can respond to the weight of a mass by forming a gentle curve 
around the mass (B). As the bladder wall becomes tense with overdistention, the weight of a cephalad mass may be insuffi cient to alter the 
bladder contour. Because masses cephalad to the urinary bladder and uterine fundus may be surrounded by loops of small bowel, the bladder 
contour may be the only indication of the presence of the mass.

solid tissue requires the use of both echogenicity and 
through-transmission characteristics. 

 THE VAGINA 

 The vagina is a relatively thin-walled, 7- to 10- centimeter-
long muscular tube that extends from the cervix of the 
uterus to the vestibule of the external genitalia and lies 
between the urinary bladder and the rectum. 4  Half lies 
within the perineum, while the lower half lies above 
the pelvic fl oor. The walls contain smooth muscle and 
elastic connective tissue and are lined with stratifi ed 
squamous epithelium, similar to skin, hence its name; 
the vagina is essentially an invagination of the skin. 
The outer surface of the vagina (the adventitial coat) 
is a thin, fi brous layer that is continuous with the 

tissues. A good rule of thumb is to use the minimum 
output and gain level consistent with adequate dem-
onstration of tissue echo patterns. The second way in 
which urine serves as a reference standard is for com-
parison with other echo patterns in pelvic structures. 
The appropriate gain level results in the same anecho-
ic appearance in cystic structures of the ovary (such as 
follicles) (Fig. 5-25). 

 By comparing the echogenicity of the urine with 
the echogenicity of the unknown structure at vari-
ous gain levels, the sonographer can qualitatively as-
sess the structural similarity or dissimilarity of the 
two. Echogenicity is not a defi nitive criterion for the 
presence of fl uid. Homogeneous solid uterine fi broids 
can be anechoic at normal gain levels and fl uids (e.g., 
blood, pus) can be echogenic. Distinguishing fl uid from 
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Figure 5-25 A side lobe artifact appears as false echoes (straight 
 arrows) in the posterior area of the bladder while reverberation oc-
curs in the anterior portion. These artifactual echoes also appear in 
the follicular cyst in the ovary (open arrow).

Cvx

Va

Figure 5-27 Cutaway view of vagina. Note cross-section when col-
lapsed and relationship of uterine cervix (Cvx) to vaginal ( Va) walls.

Posterior
wall

Anterior
wall

Fornices

Figure 5-28 Relationship between uterus and vagina. The posterior 
vaginal wall attaches higher on the cervix than the anterior wall. The 
fornices are the blind pockets formed by the inner surface of the 
vaginal walls and the outer surface of the cervix. These spaces are 
normally collapsed or contain only a small amount of mucus.

surrounding endopelvic fascia (Fig. 5-26). Normally, 
the vaginal canal is a potential space, because the an-
terior and posterior walls are in apposition. When col-
lapsed, the vagina assumes a rounded “H” shape on 
cross-section, and the inner mucosal surface of the wall 
wrinkles up to form transverse ridges (rugae), which 
largely disappear when the vaginal wall is stretched 
(Fig. 5-27). 

 The posterior wall of the vagina is longer than the 
anterior wall. The upper end of the vagina attaches to 
the cervix of the uterus along an oblique line about 
halfway up the length of the cervix. 3  This form of at-
tachment creates a ring-shaped, blind pocket (the 
 fornix) between the outer wall of the cervix and the 
inner surface of the vaginal wall. By convention, this 
continuous ring-shaped space divides the anterior, lat-
eral, and posterior fornices (Fig. 5-28). Because of the 
oblique attachment of the vagina to the cervix, the pos-
terior fornix is deeper than the anterior, and its poste-
rior location causes it to be the site of pooling of urine, 
pus, blood, or other fl uid that originates in the vagina. 

 The length and wall thickness of the vagina vary in 
response to fi lling of the urinary bladder. The vagina 
attaches to the displaced uterus, thus stretching and 
reducing the thickness of the vaginal wall as the blad-
der expands. The combined thickness of the normal 
anterior and posterior vaginal walls should not exceed 

Figure 5-26 A: Oblique section through lower uterus and vagina. 
The plane of section is indicated in (B). The uterus has been elevated 
to stretch the vagina and align it with the plane of section. Note 
the relationship between the perineal diaphragm and the levator ani 
muscle group. PnD, perineal diaphragm; La, levator ani; EpF, endo-
pelvic fascia; Ptn, peritoneum; IrF, ischiorectal fossa.
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Figure 5-30 Echo pattern of the vagina when the bladder is fully dis-
tended. The vaginal walls can be identifi ed readily (arrow). Ut, uterus; 
UBl, urinary bladder; R, rectum.

one centimeter when measured from a transabdominal 
scan with the urinary bladder distended. 5  

 On sonograms, the muscular walls of the vagina 
produce a moderately hypoechoic pattern typical of 
smooth muscle (Fig. 5-29). The mucosa of the vagina 
is highly echogenic, but it may be diffi cult to visualize 
when the walls of the vagina are stretched by a dis-
tended bladder (Fig. 5-30). Although the vagina can 
move laterally in response to pressure from a distended 
rectum, it is most commonly at or near the sagittal mid-
line of the pelvis. Its anteroposterior position, however, 
varies substantially in response to the degree of fi lling 
of the urinary bladder and the rectum. In addition, the 
upper part of the vagina follows the cervix if the uterus 
displaces laterally by a pelvic mass or a distended rec-
tum or sigmoid colon. 

 The introduction of endovaginal ultrasound imag-
ing has placed new emphasis on the importance of a 

A

B
Figure 5-29 A: Median sagittal scan with the bladder fi lled. Note 
the thickness (arrows) and cephalocaudad length of the vaginal walls. 
The vaginal canal is indicated by the interrupted bright line separat-
ing the anterior and posterior walls. (Ut, uterus) Demonstrated is the 
usual method of measuring the uterus for length and AP dimension 
in a patient with a full bladder. B: If the patient presents with a par-
tially full or empty bladder, the normal anteverted position of the 
uterus makes an accurate longitudinal measurement diffi cult. This 
image demonstrates an alternate method using the trace function.

complete understanding of the anatomy of the vagina 
and its relationship to the surrounding organs. The 
typical endovaginal exam requires an empty or nearly 
empty urinary bladder (Fig. 5-31). A specially designed 
transducer inserts into the vagina with the footprint of 
the transducer  positioned at the tip of the cervix or in 
the fornix. The ultrasound beam may then be directed 
anteriorly and cephalad to image the uterus, fallopian 
tubes, and ovaries, or the transducer can be rotated 
to view the lateral pelvic walls. 6  The higher frequen-
cy used by endovaginal transducers and the ability to 
place the transducer close to the structure of interest 
results in markedly improved detail resolution of the 
ultrasound image (Fig. 5-31B,C) at the sacrifi ce of depth 
of penetration. 

 Although the remarkable fl exibility of the vagina af-
fords substantial latitude in positioning the ultrasound 
transducer, the shape of the pelvic cavity imposes some 
limitations. In addition, the transducer must be manip-
ulated judiciously. The patient may have limited toler-
ance for transducer movement, particularly in the case 
of pelvic infl ammation, adhesions, or vaginal stenosis. 
The examiner also must be aware of the differences in 
anatomic  position and mobility of the pelvic organs 
with an empty urinary bladder. For example, the uterus 
is much lower and anterior in the pelvic cavity when 
the bladder is  empty, and the ovaries are usually in the 
posterolateral region of the pelvis and may lie at some 
distance from the uterus. This is in contrast with trans-
abdominal pelvic scans, on which the ovaries are usu-
ally deeper in the true pelvic space and press against 
the lateral or superior margins of the uterus. 

 THE UTERUS 

 In nulliparous women the uterus is a small, pear-
shaped muscular organ suspended in the true pelvis. 
In one sense, the uterus is only a prominent bulge in 
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Figure 5-31 A: Endovaginal sonography permits the specially 
adapted transducer to be placed close to the organs of interest. 
These transducers generate higher acoustic frequencies, increas-
ing the detail of imaged anatomy. B: A transverse transabdominal 
view of the right ovary. C: A endovaginal image of the same ovary. 
Note the improved visualization of the internal structure of the ovary. 
(Rt Ov, right ovary; Ut, uterus.)
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Figure 5-32 Paramesonephric ducts merge to form a uterus. The paramesonephric ducts from each side merge into themselves at their bot-
toms and erode their walls to form a single chamber, the future uterus, as seen in schematic frontal view (A). The merger still abuts the back 
wall of the bladder (shown here as the urogenital sinus), but eventually the duct draws up the back wall (B) and evacuates it to form a canal 
at the bottom end of the uterus (C). Importantly, as seen in the far right (C), this canal is still closed to the outside world because it never did 
break down the back wall of the bladder. (From Sadler TW. Langman’s Medical Embryology, 9th Edition Image Bank. Baltimore: Lippincott 
Williams & Wilkins, 2004.)

the middle section of a continuous muscular canal that 
begins with the fallopian tubes and ends with the ex-
ternal orifi ce of the vagina (Fig. 5-32), but, because its 
structure and size are so different from the fallopian 
tubes and the vagina, the uterus is usually considered 
a separate organ. Its sole function is reproductive; it 

receives the fertilized egg and nourishes the developing 
conceptus, and ultimately expels the fetus. 

 Segments of the Uterus 
 The uterus has four segments: the fundus, corpus, 
isthmus, and cervix. The arbitrarily defi ned regions 
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Figure 5-33 The anterior wall of the uterus has been cut out. The 
three major subdivisions of the uterus are clearly identifi ed: cervix, 
corpus, and fundus. The thickest musculature is seen in the corpus 
and fundus. The narrowed area between the internal os of the cervix 
and the wider corpus is the isthmus.

use the uterine contour and structure as landmarks 
(Fig. 5-33). 

 Fundus 

 The most cephalad portion of the uterus is the fundus 
(“bottom”), which begins at the point where the fal-
lopian tubes arise from the uterine walls. The fundus 
is a  rounded or dome-shaped area above the level of 
the uterine cavity. It narrows at its outer and lateral 
margins to form the cornu, i.e., horn of the uterus, 7  
through which passes the interstitial portion of the fal-
lopian tube (Fig. 5-33). 

 Corpus and Isthmus 

 The corpus (body) is the largest portion of the uterus 
within which is the uterine cavity. On cross-section, the 
corpus appears rounded or ovoid (Fig. 5-34). In both 
sagittal and coronal sections, the corpus usually ap-
pears cylindrical or slightly tapered, narrowing as it ap-
proaches the isthmus, or the waist, of the uterus. The 
isthmus marks the transition from the corpus to the cer-
vix, or neck. The isthmus is the most fl exible portion. 

 Cervix 

 The cervix is the cylindrical neck of the uterus which 
 projects into the vagina (Fig. 5-35). It contains more 

 fi brous and less muscular tissue and has a distinctive en-
dothelium. This barrel-shaped cylinder is slightly wider 
in the middle and 2 to 3 centimeters long in nulliparous 
women. 7  The hyperechoic mucosa images as a spindle-
shaped endocervical canal, sometimes referred to as the 
endocervix, and extends from the internal to the exter-
nal os. Oblique ridges or palmate folds slant downward 
toward the external os. 7  The endocervical mucosa has a 
rich supply of mucous glands on the anterior and pos-
terior surfaces (Fig. 5-36A,B). The mucus serves to im-
pede upward migration of bacteria from the vagina into 
the uterus. In pregnancy, the mucosa of the endocervical 
canal undergoes hypertrophy and the glands produce a 
dense, sticky mucous plug (the mucous plug of preg-
nancy) which effectively seals the uterus. 

 The Uterine Cavity 

 The uterine cavity has an inverted triangle shape with 
the basal angles defi ned by the fallopian tube ostia and 
the cervical internal os defi ning the apex. The cavity 
is widest at the fundus and narrowest at the isthmus, 
and it narrows in AP direction, so that the anterior and 
posterior  endometrial surfaces are normally separated 
only by a thin layer of mucus. 

 Layers of the Uterus 

 The walls of the uterus are composed of three tissue 
layers (Fig. 5-37). The outermost layer is the serosa 
or perimetrium, which is quite thin and not visible on 
sonography. The serosa is continuous with the pelvic 
fascia. The thick middle layer, the myometrium, is com-
posed of smooth muscle cells and interspersed connec-
tive tissue fi bers. Lining the inner surface of the uterus 
is a mucosa known as the endometrium, which forms 
the walls of the uterine cavity. 

 Myometrium 

 The muscular middle layer of the uterus forms most 
of the bulk of the uterine body. The myometrium may 
be  subdivided into three rather indistinct layers: an 
outer layer characterized by longitudinal muscle fi bers, 
a richly vascularized thick middle layer (Fig. 5-37B,C, 
Fig. 5-38), and a denser inner layer of which predomi-
nantly spiral  muscle fi bers are arranged both longitu-
dinally and obliquely. 7  Throughout a woman’s repro-
ductive years, the muscles of the uterus demonstrate a 
low-amplitude contractile  activity to maintain the mus-
cle tone of the uterus. Just before and during the men-
strual fl ow, contractile activity results in slow, ripplelike 
contractions originating in the fundus and sweeping in 
the caudal direction to the internal os. These contrac-
tions are of low amplitude and slow, requiring several 
seconds to progress from fundus to the isthmus. The 
progressive focal rippling distortion of the endometrial 
echo pattern images during endovaginal imaging. Dur-
ing ovulation, EVS images contractions sweeping in the 
opposite direction, cephalad from the internal os to the 
fundus. These contractions may assist the migration 
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Figure 5-34 A: Median sagittal scan of normal uterus and vagina. (F, fundus; C, corpus; Cvx, cervix). B: Transverse scan at the level of the 
fundus. The right ovary (OV ) is demonstrated. The broad ligament and/or fallopian tube (arrows) bridge the space between the uterine fundus 
(Ut) and the ovary. C: Transverse scan demonstrating both ovaries. D: Transverse scan at the level of the lower uterine segment (LUS). The right 
ovary (OV ) is adjacent to the uterus.
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Figure 5-35 Structure of the  cornual 
(A) and cervical (B) regions of the 
uterus. EC, endometrial cavity; Ft, 
fallopian tube; ltO, internal os; EtO, 
external os; EcxC, endocervical 
 canal; lsFt, interstitial portion of the 
 fallopian tube; lsm, isthmus.
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BA
Figure 5-36 A: Transverse scan of a cervix that is shifted to the right side of the pelvic cavity. Note the lateral extensions of the cervical echo 
pattern (open arrows). These ill-defi ned “wings” are the transverse cervical ligaments. Also note the shadows (solid arrows), which bracket a 
central zone of decreased echoes. This pattern is characteristic of the cervix. (UBl, urinary bladder). B: Endovaginal sagittal image of the cervix. 
Note the posterior vaginal wall (long arrows), which extends around the cervical tip to insert on the posterior wall. The prominent endocervical 
canal (open arrow) visualizes throughout the length of the cervix.

of sperm upward through the uterus to the fallopian 
tubes, with uncoordinated, reverse contractions result-
ing in fertility problems. 8  

 Endometrium 

 The endometrium is a specialized mucosa that varies in 
echogenicity, thickness, and composition through the 
menstrual cycle. Covering the surface are ciliated cells 
 interrupted at intervals by the orifi ces of mucous glands. 4  
The hairlike cilia fl ex in synchronized waves that tend to 
force surface mucus toward the cervix. This steady down-
ward fl ow of a sticky tide of mucus impedes bacteria 
from migrating upward into the uterine cavity.  Although 
bacteria richly colonize the vagina, the endometrium and 
the endocervical canal are normally free of foreign micro-
organisms. The amount of mucus present at any given 
time is highly variable, but is typically at its greatest just 
before menstruation begins or at the onset of pregnancy. 

 The endometrium is composed of a superfi cial layer 
(zona functionalis) and a deep basal layer. In the menstrual 
phase, the endometrium is thin and hyperechogenic. Due 
to the estrogen effect, the endometrial thickness increases 
during the proliferative phase. Increased echogenicity of 
the basal layer and decreased echogenicity of the func-
tional layer lead to the most characteristic sign of the late 
proliferative  endometrium—triple line appearance. The 
central echogenic line represents the interface between 
the anterior and posterior layers of the endometrium. 
The outer  hyperechogenic lines represent endometrial– 
myometrial junction or echo of the basal layer. Proges-
terone secretion during the luteal phase of the menstrual 
cycle differentiates endometrial glands for secreting gly-
coproteins. The functional layer becomes thickened and 
edematous, and the spiral arteries become tortuous. On 
ultrasound examination during the secretory phase, the 
endometrium appears homogeneous and hyperechogenic. 

 After menstruation, the thickness of a single layer 
of endometrium is about 0.5 to 1 cubic millimeters, 

increasing to a maximum of fi ve to seven millimeters at 
the onset of the next menstrual fl ow. Sonographic mea-
surements of the endometrium on the longitudinal axis 
of the uterus include the anterior and posterior endome-
trial layers. When measured this way, endometrial thick-
ness ranges from approximately 1 millimeter immediately 
 after  menstruation to about 14 millimeters immediately 
before menstruation. When measuring the endometrium, 
exclude the outermost, hypoechoic layer, because it is 
myometrial in origin. 9,10  Within the endometrium proper, 
up to three layers image (Fig. 5-39A). Their exact clinical 
signifi cance is a matter of debate; however, it was noted 
that a thin hypoechoic layer may sometimes be seen lin-
ing the innermost surface of the endometrial cavity at the 
time of ovulation or immediately afterward (Fig. 5-39). 9,10  
Inconsistent identifi cation of this “inner ring” sign brings 
into question this sign as a confi rmation of ovulation. 10  

 Attempts to correlate the echo pattern or thickness 
of the endometrium with the stage of the menstrual 
cycle failed due to menstrual cycle variations from cycle 
to cycle. The range of variation from individual to in-
dividual is great, and only generalizations may safely 
be made. The 28-day division of the average menstrual 
cycle includes four stages related to the morphologic 
changes seen in the endometrium. 

 Uterine Size, Shape, and Position 
 The size and shape of the uterus vary markedly with 
age and parity. In the fetus, the uterus grows at a rate 
consistent with the rest of the body until early in the 
third trimester. For the remainder of the gestational pe-
riod, growth of the uterine corpus accelerates due to 
high levels of maternal estrogen. As a result, the uterus 
is larger and has a more “adult” contour in newborns 
than in children. 11  Immediately after birth, withdrawal 
of the infl uence of maternal estrogen causes the uterine 
corpus to shrink, and signifi cant growth does not oc-
cur until the ovaries begin to produce hormones as a 
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shape. With each pregnancy the corpus and fundus 
grow thicker, increasing the globularity of the multipa-
rous uterus (Fig. 5-40E). After menopause the corpus 
and fundus shrink and regress to the prepubertal state 
(Fig. 5-40F), and in elderly women it may appear as 
little more than a cap above the cervix. Throughout life, 

prelude to puberty. 11  In infants, the uterus is cylindrical, 
high in the pelvis, and located along the same axis as 
the vagina. In young girls, the uterus remains nearly 
cylindrical (Fig. 5-40B), but the body (corpus and fun-
dus) becomes more globular as it matures. By puberty, 
the uterus has assumed the characteristic inverted pear 

Figure 5-37 A: Frontal plane schematic of the uterus with an en-
larged view of tissues that form the uterine wall. B: An endovaginal 
sagittal view of the uterus with a color Doppler sample box placed 
over the fundus and midcorpus region. Note the rich vasculariza-
tion of the middle layer of the myometrium, indicated by the bright 
spots of color in areas of detected fl ow. C: A power Doppler image 
of the same uterus. Power Doppler has less dependency on fl ow 
direction and is more sensitive to the presence of fl ow. These ves-
sels are normally not visible on gray scale imaging alone.  (Images 
courtesy of Philips Medical Systems, Bothell, WA.)
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Endometrium Myometrium Perimetrium

*Late proliferative
phase of cycle
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PATHOLOGY BOX 5-3

The Endometrium

   Thickness Endometrial
 Phase Days of Cycle (double layer/mm) Echo Pattern

Menstrual 1–5 �1 Thin echogenic line
Postmenstrual 6–9 2–4 Mostly anechoic
Proliferative 10–13 5–8 Slightly echogenic
Secretory 14–28 9–14 Highly echogenic
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A B

C D
Figure 5-39 A: Sagittal transabdominal image of the uterus (Ut) and vagina ( Va). This immediately premenstrual (day 27) endometrium ( arrows) 
produces abundant mucus, which has outlined the uterine cavity. Four distinct echo layers can be identifi ed. The outermost dark layer is myo-
metrium and should not be included in measurement of the endometrium. This layer abuts on the thick, echogenic glandular layer that forms 
the bulk of the endometrium. A hypoechoic inner layer separates the echogenic glandular layer from a thin, highly echogenic line formed by 
mucus and the surfaces of the endometrium. (UBI, urinary bladder). B: In this transverse endovaginal scan of a midsecretory-phase endome-
trium, the layers are more diffi cult to identify, and the echo pattern in the glandular layer is patchy. C: The distinct layers are more easily ap-
preciated in this endovaginal sagittal scan of the uterine corpus during the late proliferative stage. D: Endovaginal sagittal scan of the uterus 
immediately postmenstruation. The endometrium is not visible through most of the uterus.

changes in uterine size are mostly the result of changes 
in the muscularis layer, predominantly in the corpus. 
Because of its smaller proportion of muscle to connec-
tive tissue, the cervix varies least in size and is least 
fl exible of all the uterine regions. 

 A Caveat about Uterine Dimensions 

 The range of individual variation in organ size increases 
steadily from the fetal period through adulthood. Many 
factors infl uence linear dimension of the uterus, includ-
ing pressure from surrounding organs, stage of the men-
strual cycle, and obstetric history. Normal dimensions 
given for the uterus are arbitrarily defi ned points on the 
continuum of uterine development, growth, and regres-
sion. The uterus of a child typically is 2.5 centimeters 
long and has an anteroposterior diameter of about 1 
centimeter. 12  The length of the adult nulliparous uterus 
typically is 8 centimeters or less, the width 5.5 centime-
ters, and the AP dimension 3 centimeters. 11  The sonog-
rapher should use a consistent method to measure the 
uterus (refer to the example in Fig. 5-41). Small varia-
tions of uterine size are not clinically signifi cant. 

Figure 5-38 Schematic diagram of spiral smooth muscle fi bers of 
the uterus. Contraction of these fi bers tends to increase pressure in 
the uterine lumen.
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Figure 5-40 Anterior views of coronally sectional uteri.

Newborn

2:1
(A)

1:1
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4-year-old Puberty
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Nulliparous* adult

Multiparous** adult

*
**

Has never given birth
Has given birth two
or more times

Figure 5-41 Measurement technique for the uterus. The long axis of the uterus should be measured from the fundus to the tip of the cervix (line 
A). When making this measurement, carefully identify the true long axis of the uterus, because it is seldom parallel to the pelvic midline. Gain 
and scan plane are then adjusted to optimally demonstrate the tip of the cervix. The posterior wall of the vagina serves as a guide; its curve can 
be followed around the posterior lip of the cervix to identify where the cervix ends and the vaginal wall begins. On the same image, the great-
est anteroposterior diameter of the uterus should be measured along a line perpendicular to line A at a point where the uterus appears widest. 
Then the midpoint of the fi eld of view is centered on the same line used to measure the anteroposterior diameter and the transducer is rotated 
90 degrees, maintaining a constant tilt. This ensures that the transverse diameter (line C) is measured in the same plane as the anteroposterior 
diameter (line B), which increases accuracy and consistency of uterine measurements. If the uterus is strongly antefl exed, two measurements of 
the long axis (lines A1 and A2  ) should be made and added together to obtain the true length.
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 On ultrasound the uterus appears as a pearlike or-
gan, positioned between the urinary bladder and the 
rectum. Dimensions of the uterine body vary with 
parity and are usually between 7.5 and 9 centimeters 
in length, 4.5 to 6 centimeters in width, and 2.5 to 
4 centimeters thick. The cervix presents uterine com-
munication with the outer world and serves as a depot 
for sperm, allowing their migration toward the uterine 
ostia. On ultrasound, the cervix visualizes as a cylin-
derlike structure measuring from 2.5 to 3.5 centime-
ters in length and 2.5 centimeters in width. It consists 
of a fi brous and elastic connective tissue and smooth 
muscle. During the periovulatory period, the cervical 
canal opens and cervical mucus is watery. After rup-
ture of the follicle, the estrogen level decreases, result-
ing in closure of the cervical canal. Cervical glands 
extend from the endocervical mucosa into the con-
nective tissue of the cervix. Occlusion of the cervi-
cal glands leads to formation of the cervical retention 
cysts, known as Nabothian cysts. 

 The Uterine Ligaments 
 The urinary bladder and rectum have close attach-
ments to the pelvic walls. This contrasts to the loose 
uterine attachment within the pelvic cavity. The car-
dinal ligaments (also called transverse cervical liga-
ments) are ill-defi ned, wide bands of condensed fi bro-
muscular tissue that  originate from the lateral region of 

the cervix and along the lateral margin of the uterine 
corpus. These bands insert over a broad region of the 
lateral pelvic wall and extend posteriorly to the margins 
of the sacrum. 3  The posterior edge of the cardinal liga-
ments is denser than other regions and is identifi ed as 
the uterosacral ligaments (Fig. 5-42). They extend from 
the posterior-lateral margin of the cervix to the sacrum. 
Together, the cardinal and uterosacral ligaments anchor 
the cervix and orient its axis so that it is roughly paral-
lel to the central axis of the body. 

 The round ligaments (Fig. 5-42) are fi bromuscular 
bands originating from the uterine cornua and extend-
ing across the pelvic space from posterior to anterior. 
They cross over the pelvic brim, pass through the in-
guinal ring, and then disperse as fi bers anchored in the 
labia majora of the external genitalia. 3  These ligaments 
loosely tether the uterine fundus and tilt it forward in 
the pelvis, aiding in the normal antefl exion of the uter-
us at the isthmus. 

 Of all the ligaments of the pelvis, the broad ligament 
is the most diffi cult to defi ne because it is not a true 
ligament but simply a double fold of peritoneum. The 
parietal peritoneum is a thin, glistening serous mem-
brane that forms a sac that lines the abdominopelvic 
cavity. The visceral peritoneum is investing the organs 
within the peritoneal cavity. The peritoneum produces 
the layer of serous fl uid, which decreases friction as 
organs move within the abdominal cavity. 
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Uterosacral fold
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Figure 5-42 View into the pelvic cavity demonstrating the organs.
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 The broad ligament is simply the double layer of 
peritoneum, with fat, vessels, and nerves between the 
two layers. This arrangement probably has only mini-
mal function in suspending the uterus; however, the 
broad ligament incompletely divides the true pelvis 
into anterior and posterior pelvic compartments. The 
ovaries attach to the posterior surface of the broad liga-
ment, thus constraining their movements to the poste-
rior pelvic compartment. 

 Spaces Adjacent to the Uterus 
 In addition to its anatomic function of coating, isolating, 
and lubricating the surfaces of organs, the peritoneum 
also forms particular spaces in the pelvis. The peritone-
um refl ects, or folds back, from the anterior wall of the 
pelvic cavity to cover the dome of the bladder, and then 
folds more sharply to cover the anterior surface of the 
uterus. This fold forms the relatively shallow anterior 
cul-de-sac (vesicouterine pouch), which lies between 
the anterior wall of the uterus and the urinary bladder. 3  
This space virtually disappears as the urinary bladder 
fi lls; it is not of great signifi cance to the sonographer. In 
contrast, the similar pocket formed by refl ection of the 
peritoneum from the posterior wall of the pelvis, which 
covers the rectum, to the posterior wall of the uterus 
is very important. The posterior cul-de-sac (pouch of 
Douglas or rectouterine pouch) is the most posterior 
and dependent portion of the peritoneal sac lining the 
peritoneal cavity. 13  Fluid originating anywhere in the 
peritoneal sac tends to accumulate into the posterior 
cul-de-sac. This space is relatively complex in its con-
fi guration. The inferior portion consists of a deep, nar-
row pocket that extends inferiorly between the rec-
tum and the cervix, with the upper margins defi ned 
by the uterosacral ligaments. Above these ligaments, 
the cul-de-sac widens out and is continuous with the 
broad, shallow spaces to the side of the uterus. The 

peritoneum lines these shallow adnexal spaces, form-
ing the broad ligament. 

 Variants of Uterine Position 
 In some women, the uterus does not maintain the ante-
fl exed position, instead bending backward with the fun-
dus extending into the posterior cul-de-sac (Fig. 5-43). 4  
This retrofl exion of the uterus is relatively common, 
rarely has clinical signifi cance, and may be transient or 
persistent in a particular individual. 

 Retrofl exion of the uterus is responsible for signifi -
cant alterations in the echo pattern of the uterus when 
demonstrated by transabdominal scanning. Normally, 
the uterus lies in a plane roughly perpendicular to 
an ultrasound beam entering through the full urinary 
bladder. Most of the uterus lies at a relatively constant 
depth from the transducer, so the echo pattern is uni-
form throughout the myometrium. In contrast, the cor-
pus and fundus of a retrofl exed uterus tilts back into 
the posterior pelvic cavity, and the acoustic beam must 
traverse the muscle tissue of the corpus to reach the 
fundus. As a result, the fundus of a retrofl exed uterus 
often appears echo-poor compared with the corpus 
(Fig. 5-44). 11  This difference is due to absorption of 
the ultrasound beam by the muscle of the corpus. The 
resulting hypoechoic fundus increases the risk of mis-
identifi cation of the uterus as a mass in the cul-de-sac. 

 THE FALLOPIAN TUBES 

 The fallopian tubes (oviducts or salpinges [singular: 
salpinx]) are paired musculomembranous tubes that 
extend from the fundus of the uterus to the ovary and 
lateral pelvic wall. Most of the length of the fallopian 
tube lies within the free edge of the fold of peritoneum 
that forms the broad ligament. Like the uterine wall, 
the wall of the fallopian tube consists of three layers: an 

PATHOLOGY BOX 5-4

Variants in Uterine Position

Term Defi nition

Antefl exion Bending of the fundus toward the abdominal wall
Antevered Tipping of the uterus toward the anterior abdominal wall. This is 

 the usual position of the uterus with an empty bladder.
Dextrofl exed Flexed to the right
Dextroposition Displacement to the right
Levofl exed Flexed to the left
Levoposition Displacement to the left
Prolape Dropping of the uterus into the vaginal canal
Retrofl exed Bending of the fundus toward the rectum
Retrocession Backward displacement of the entire uterus
Retroverted Tipping of the entire uterus toward the sacrum
Retroversiofl exion Combination of retroversion and retrofl exion
Note: All in relation to the pelvic axis
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B  Retroflexed C Retroverted

A Normal positions

Anteflexed Anteverted

Figure 5-43 Variants of uterine posi-
tion within the pelvis. A: Antefl ex and 
anteverted positions of the uterus. B: 
Retrofl exion of the uterus. The cervix 
maintains a normal position but the 
corpus and fundus fl ex backward into 
the posterior pelvic compartment. 
Note that the point of fl exion is at the 
isthmus. C: Retroversion of the uterus 
occurs at the cervix.

Figure 5-44 Sagittal scan of a retrofl exed multiparous uterus. Note 
the bowel at the fundus of the uterus. Ut, uterus; Bm, bowel.

I II III IV

Figure 5-45 Regions of the fallopian tube. For this illustration, the 
tube has been stretched horizontally. The intramural (interstitial) 
portion (I) is relatively straight and is located within the uterine wall. 
The isthmic portion (II) is longer and slightly wavy in its course. The 
ampullary portion (III) is the longest section of the tube and is quite 
tortuous in vivo. It terminates in the trumpet-shaped infundibulum 
(IV ), which is fringed with fi ngerlike projections, the fi mbriae.

outer serosal coat (which is continuous with the overly-
ing peritoneum over the isthmic portion of the tube), a 
middle muscular layer, and an inner mucosa. The fal-
lopian tube division includes intramural, isthmic, and 
ampullary portions (Fig. 5-45). The total tubal length in 
an adult, 7 to 14 cubic centimeters, is usually greater 
than the distance from the uterus to the lateral pelvic 

wall, so in its normal state the tube is more tortuous 
than its wall structure alone would impose. The tubal 
lumen widens as it moves away from the uterus. The 
intramural portion is the narrowest (�1  millimeter), 
and the third portion or ampulla is the  widest (�6 mil-
limeters). 7  The ampullary portion terminates in the 
trumpet-shaped infundibulum, which is open toward 
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appears as a tubular extension of the myometrium, often 
with high-amplitude echoes representing the tubal mu-
cosa (Figs. 5-46 C, D). Color Doppler imaging helps locate 
the tube via the accompanying vessels (Fig. 5-46 B). The 
fallopian tube is the fi nal element of a channel that con-
nects the interior of the peritoneal cavity with the exterior 
of the female body. This channel is composed of the exter-
nal genitalia, uterus, and the fallopian tubes. 

 THE OVARIES 

 In many respects the ovary is unlike any other organ of 
the female pelvis.It is a solid, parenchymatous structure, 
it secretes hormones, has no peritoneal covering, and is 
the only organ that is entirely inside the peritoneal sac.. 

 In a term infant, the ovary is an elongated structure 
shaped like a round-edged prism and located in the 
posterior segment of the false pelvis, directly adjacent 
to the posterior uterine surface. This smooth surfaced 

the peritoneal cavity. This trumpet-shaped opening is 
about 1 centimeter wide and ends in delicate, fi nger-
like projections called fi mbriae. Usually one of these, 
the fi mbria ovarica, attaches to the ovary and serves to 
maintain a close relationship between the opening of 
the tube and the ovarian surface. 3  The vascular supply 
to the fallopian tube originates from the anastomoses of 
the uterine and ovarian arteries. 

 The similarity of the fallopian tube echo pattern makes 
it diffi cult to separate from surrounding abdominal struc-
tures. Although commonly demonstrated, recognition of 
the fallopian tube often only occurs when it is distended 
by fl uid. A typical pattern images at the infundibulum at 
the lateral pole of the ovary (Fig. 5-46A). Because of the 
relative thinness of its wall, the characteristic echo pattern 
of the fallopian tube is that of a thin layer of hypoechoic 
muscle tissue lined by the hyperechoic mucosa surround-
ing a crescentic or cylindrical lumen. The fallopian tube 
easily images during endovaginal scanning, where it 

A B

C D
Figure 5-46 A: Sagittal scan of the left ovary with the fallopian tube (circle) seen over the upper pole. Without the small amount of fl uid that 
defi nes the crescentic lumen, it would not be possible to positively identify these echoes as representing the tube. B: Color Doppler aids in 
locating the vessels surrounding the fallopian tube (arrow). C,D: An image of the uterus at the cornua shows the fallopian tube extending from 
the uterine body to the ovary. Beneath the tube is a loop of small bowel. Differentiation of these structures is more easily performed in real-time 
imaging because the small bowel is actively peristaltic. Note that a short section of tubal lumen is seen as a linear high-amplitude echo pattern 
(arrow) within the isthmic portion. Ov, ovary; B, bowel; FT, fallopian tube; Ut, uterus.



 112 PART 1 — GYNECOLOGIC SONOGRAPHY

ligament suspends the superior (lateral or pelvic brim) 
pole of the ovary from the posteriolateral pelvic wall 
at the brim of the true pelvic space. The mesovarium 
is a short double layer of peritoneum extending from 
the posterior surface of the broad ligament. The mes-
ovarium provides only a minimal suspensory effect in 
comparison with the fi bromuscular ovarian ligament, 
but it does provide the primary route of access for ves-
sels entering the ovarian hilum. 

 The outer layer of the ovary is composed of so-called 
germinal epithelium, which is neither germinal nor a 
true epithelium. The term originates from the early anat-
omists who have made some incorrect assumptions. It 
is actually a modifi ed form of the peritoneum but suffi -
ciently different to result in the ovary’s being considered 
“nude,” that is, not covered by the coelomic peritone-
um. 3  Immediately beneath the germinal epithelium is a 
thin layer of fi brous tissue, which forms the tunica albu-
ginea, meaning the white coat, or capsule of the ovary. 

 The bulk of the ovarian substance consists of a thick 
layer of ovarian parenchyma, the cortex, containing a 
large number of primordial follicles (Fig. 5-48A). This 
surface becomes markedly pitted or puckered after 
years of ovulation. In the center of the ovary is the me-
dulla, which contains blood vessels (Fig. 5-48B,C) and 
connective tissue but no follicles. 3  Along the margins of 
the ovarian hilum, the ovarian germinal epithelium is 
continuous with the peritoneum that forms the broad 
ligament. Occasionally the hilum also contains vestigial 
remnants of the primitive mesonephros, which persist 
in the adult ovary as a cluster of tubules known as the 
epoöphoron. 3  These are of some interest to the sonogra-
pher because they occasionally give rise to simple cysts 
called parovarian cysts, which, when very large, can be 
mistaken for the urinary bladder. 

 Each ovary of a newborn infant contains about a 
million or more primordial follicles, but this number 
substantially reduces through spontaneous follicular 
regression as the infant matures. Only 300 to 400 of the 
many thousands of follicles that persist into adult life 
will actually progress through development and ovula-
tion over the 30 or more reproductive years. 14  

 Follicular Development 
 The stages of follicular development (Fig. 5-49) have 
been of particular interest to sonographers since the 
advent of fertility therapy using ultrasound monitoring 
of follicular growth. A complex cycle of chemical inter-
changes between the hypothalamus, the anterior pitu-
itary gland, and the ovary control these stages. The early 
developing follicle is a solid mass consisting of granu-
losa cells surrounding the central ovum. External to the 
granulosa layer are two thinner layers of theca cells, the 
theca interna, which is richly vascularized, and the theca 
externa, which is composed mostly of connective  tissue. 
With further development, a fl uid-fi lled crescentic cavity 
forms eccentrically within the granulosa layer. As this 

organ measures approximately 2.5  �  1.5  �  0.5 centi-
meters. 11  By menarche, the ovary moves into the true 
pelvic space and has assumed its almond-shaped adult 
contour and  location. 

 The normal size of the oval or almond-shaped adult 
ovary is a length of 2.5 to 5 centimeters, a width of 1.5 
to 3 centimeters, and an anteroposterior thickness of 
0.6 to 2.2 centimeters. 14  Individual variation for a single 
linear dimension of the ovary is greater than either the 
average of the three linear dimensions or the volume. 
Short ovaries tend to be thicker, and thin ovaries tend 
to be longer. For this reason, a single linear dimension 
of the ovary cannot assess normality of size. Instead, 
a volume calculation should be used (length  �  width 
 �  height/2  �  volume in cm 3 ). With this approach, the 
upper normal value for the prepubertal ovary is 1 cubic 
centimeter. During the reproductive years, the ovarian 
volumes average 6 to 9 cubic centimeters. 15  For ovarian 
volumes by life stage, refer to Chapter 10. 

 The anterior margin of the ovary is relatively thin 
and attaches to the posterior surface of the broad liga-
ment by the mesovarium. The posterior or free edge of 
the ovary is thicker and bows outward, giving the ovary 
its characteristic asymmetric almond shape. 

 Three anchoring structures suspend the ovary in the 
pelvic space (Fig. 5-47). The ovarian ligament, which is 
also known as the utero-ovarian ligament, is a fl attened 
fi bromuscular band, which extends from the uterine 
cornu, where the fallopian tube exits the uterine wall, 
to the inferior (medial or uterine) pole of the ovary. 
The infundibulopelvic ligament consists of fi bromus-
cular strands intertwined with the ovarian vessels and 
lymphatics as they pass from the brim of the pelvis to 
the lateral pole of the ovary. These vessels and their 
supporting fi bers form a ridge in the overlying peri-
toneum, which is thicker in this region and contrib-
utes to the suspensory effect. The infundibulopelvic 
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Ft

OV

IfdP

Figure 5-47 The ovary and its suspensory structures. This view of 
the posterior surface of the broad ligament shows the relationship 
of the ovary to the broad ligament, fallopian tube, infundibulopel-
vic ligament, and ovarian ligament. The fallopian tube has been 
lifted up to expose the ovary and its ligaments. Ft, fallopian tube; 
OL, ovarian ligament; lfdP, infundibulopelvic ligament; OV, ovary; Ut, 
uterus; BL, broad ligament.
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Figure 5-48 A: Diagrammatic representation of the ovary in cross-section. B: An endovaginal scan of the ovary near its lateral margin. Note 
the anechoic developing follicles. C: A color Doppler image of the same ovary, in a slightly more medial plane. The color highlights blood fl ow 
in the abundant vessels in the ovary.

cavity (known as the antrum) enlarges, the ovum con-
tained within a surrounding mound of granulosa cells 
projects into the cavity, forming a structure known as the 
cumulus oöphorus (discus proligerus). 14  As the follicle 
continues to develop, it enlarges and becomes a mature 
follicle, eventually impinging on the tunica albuginea of 
the ovarian surface. Typically, a mature follicle reaches 
20 millimeter in size before rupturing. 

 The ripening follicle is referred to as a Graafi an fol-
licle. Each month during the reproductive years, follicle- 
stimulating hormone (FSH) triggers rapid growth of 
 multiple ovarian follicles. In a normal ovulatory cy-
cle, only one of these follicles becomes dominant and 
ruptures through the tunica albuginea, releasing its 
contained egg, resulting in ovulation. The other fol-
licles  undergo atresia, 14  while the corpus luteum rapidly 
shrinks becoming an amorphous mass of hyaline scar 

tissue known as the corpus albicans. Artifi cial stimula-
tion of follicular development (i.e., fertility therapy) can 
result in simultaneous development of multiple follicles. 

 At ovulation, the combination of the discharged follic-
ular fl uid and hemorrhage associated with follicular rup-
ture results in accumulation of 5 to 10 milliliters of fl uid 
in the posterior cul-de-sac, where it can be observed as 
a crescentic anechoic collection behind the cervix. 16  The 
process of ovulation may be associated with midcycle 
pain (mittelschmerz). The stigma (the opening through 
which the egg was discharged) is sealed by a blood clot, 
thus reestablishing a closed cystic structure fi lled with 
clotted blood. The theca interna layer of the ruptured 
follicle undergoes rapid proliferation and luteinization 
through deposit within the cells of golden or reddish 
brown pigment and fat. 14  The follicle thus becomes the 
corpus luteum, which means yellow or golden body. In 
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Figure 5-49 A: Transabdominal transverse scan of a normal adult ovary on day 7 of the menstrual cycle. Several small follicles are seen within 
the ovary. Note the decrease of the sector size, which increases line density and image resolution. B: Sagittal image of a dominant follicle 
immediately after its rupture at ovulation. Note the partially collapsed walls resulting from loss of most of the liquor folliculi. C: Endovaginal 
scan of an ovary that has been artifi cially stimulated during fertility therapy. Multiple follicles are seen in this scan plane. (D) Transvesical 
(transabdominal) sagittal scan of the uterus immediately after ovulation, showing a small amount of fl uid in the posterior cul-de-sac (arrows). 
This fl uid most likely represents serous fl uid from the follicle.
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the normal development of the corpus luteum, the blood 
clot is gradually absorbed, sometimes forming strands of 
fi brin within the liquefi ed center of the corpus luteum. 6  

 Fertilization of the discharged egg results in mainte-
nance of the corpus luteum throughout the fi rst trimester 
of pregnancy and sometimes forming the corpus luteum 
cyst of pregnancy. This cystic structure may grow up to 
the size of 5 to 6 centimeters and persists through the 
early stages of pregnancy. If fertilization does not occur, 
the corpus luteum undergoes regression, involuting to be-
come the corpus albicans. The surface of the ovary where 
rupture of the follicle occurred puckers inward as the scar 
forms, giving the aging ovary a quilted or cobbled  surface. 
At menopause, the remaining follicles undergo atresia 
over the subsequent 4 or 5 years, although occasionally a 
postmenopausal follicle may undergo development, ovu-
lation, and corpus luteum formation. 14  This, however, is 
rare, and any persistent cyst in the postmenopausal ovary 
must be regarded with suspicion. After menopause the 
ovary shrinks steadily until it is less than one-third of its 

mature size. 14  Occasionally, dilated veins can mimic fol-
licles in postmenopausal women, and the sonographer 
may misinterpret the persistent fl uid-fi lled structure as a 
persistent follicle. Doppler ultrasound helps differentiate 
a true cyst from a dilated vessel. 

 Ultrasound measurements of the follicle are most  often 
performed using an average of the follicular  diameter 
in three planes, but when precise measurements are 
 required, the follicle measurement procedure is similar 
to the ovary. A volume can be calculated using (length 
 �  width  �  height)/2  �  volume in cubic centimeters. If 
only two  diameters are available, the formula is (diam-
eter A  �  diameter B  �  diameter B)/2. 

 Location and Acoustic Patterns of the Ovary 
 When the urinary bladder is empty, the ovary rests in 
the ovarian fossa, a shallow depression on the pos-
terior-lateral pelvic wall just beneath the brim of the 
pelvis and formed by the external iliac vessels and the 
ureter. With the uterine fundus in its normal position, 
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resting on the dome of the urinary bladder, the ovary 
is substantially superior and posterior to the fundus of 
the uterus. As the bladder fi lls, the uterus is physiologi-
cally retroverted and pushed upward toward the sacral 
protuberance. As fi lling progresses, the uterus moves 
upward, while the ovaries tend to remain stationary 
in their fossae and lie at the sides of the uterine fun-
dus (Fig. 5-50). With further fi lling of the bladder, the 
ovaries are subjected to increasing pressure from the 
bladder and are usually forced in the caudad direction. 
Frequently one may slip farther down into the posterior 
cul-de-sac. Excessive fi lling of the bladder often forces 
the ovaries out of the lower regions of the posterior pel-
vic compartment. The ovaries come to rest cephalad to 
the fundus of the uterus in the axial position. 

   The ovary may be found in any of three regions of 
the posterior pelvic compartment: the posterior cul-
de-sac, the adnexal space to the side of the uterus, or 
above (cephalad to) or behind the fundus of the uterus. 
The attachment by the mesovarium to the posterior sur-
face of the broad ligament prevents an ovary location 
anterior to the broad ligament (in front of the uterus, 

between the uterus and the urinary bladder, or in the 
anterior cul-de-sac). 

 The relationship of the true pelvic space, the degree 
of fi lling of the rectum and urinary bladder, and uterine 
size govern ovarian movement. When meticulous scan-
ning with gain variations does not reveal the ovary, the 
sonographer should consider having the patient void 
partially, especially if the bladder is highly distended. 
This usually increases ovarian visibility due to a change 
in position, most commonly adjacent to the uterine 
fundus. Another method to move the ovary is to have 
the patient roll on her side. This may move the ovary 
out of loops of bowel, allowing visualization. 

 Endovaginal imaging is the method of choice when 
the primary interest is detailed visualization of the 
ovaries. The advantages of endovaginal imaging is a 
balance between depth and transducer position limi-
tations. For the initial evaluation of the pelvic organs, 
especially with a suspected pelvic mass, transabdomi-
nal imaging is the method of choice. Endovaginal imag-
ing supplements this examination through acquisition 
of detailed images of specifi c structures. Endovaginal 

Figure 5-50 A: Positions of the ovary. Because of its attachment to 
the posterior surface of the broad ligament, the ovary may be found in 
the posterior pelvic compartment or above the fundus of the uterus, 
in the adnexal spaces or in the posterior cul-de-sac, but not in the 
 anterior cul-de-sac or between the urinary bladder and the uterus. 
B: Endovaginal sagittal scan slightly to the right of midline shows a 
normal ovary located in the posterior cul-de-sac. Ov, ovary; Ut, uterus; 
I, iliac.
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 The normal echo pattern of the adult ovary, com-
pared with homogeneously echogenic myometrium, 
consists of low-amplitude echoes of the follicles. Corpo-
ra albicantia in the ovarian cortex and small vessels in 
the ovarian medulla most likely cause the bright refl ec-
tions. On both transabdominal and endovaginal ultra-
sound, the ovary may be identifi ed by its characteristic 
“Swiss cheese”  pattern of anechoic follicles against the 
low-amplitude gray of the ovarian cortex. 

 Ovaries of infants and postmenopausal women be-
come diffi cult to detect, as they are isoechoic with the 
surrounding parametrial tissues. During the reproduc-
tive age, the echo patterns of the uterus and the ovary 
are subtly different (Fig. 5-51). In diffi cult cases, an 
acoustic property of the ovary may provide the only clue 
to its location. To locate a “diffi cult” ovary, the examiner 
should reduce gain levels so that most of the echoes 
from the uterus and the parametrium disappear. The 
ovary will be revealed by the burst of acoustic enhance-
ment (increased through-transmission) seen beneath it 
as a column of brighter echoes (Fig. 5-52). 

   The increased resolution of endovaginal imaging al-
lows for imaging of previously discounted or nonim-
aged ovarian details. Commonly, sonographers fi nd 
echogenic ovarian foci (EOF) from one to three millime-
ters with and without shadowing. Since these foci may 
indicate the presence of malignancies, they have come 
under close scrutiny due to their importance as a cancer 
marker. Early studies suggest that the fi nding of periph-
eral EOF is merely psammomatous calcifi cations seen 
with superfi cial epithelial inclusion cysts. 39  In a study 
done by  Muradali et al., histologic  assessment of ovaries 
with nonshadowing peripheral  echogenic areas revealed 
these to be inclusion or solitary corpus luteum cysts.  40  
Other studies have shown that these calcifi cations were 
due to a dermoid, mucinous cystadenenoma, adeno-
fi bromas, resolving hemorrhagic cyst, endometriosis, 
and previous tubo-ovarian abscess. 41  Research seems to 

imaging alone can be used for follow-up examinations, 
in cases in which only the ovaries are to be evaluated 
(e.g., in fertility therapy or post hysterectomy), and for 
a few cases in which the patient is unable to maintain 
a distended urinary bladder. 

A

B
Figure 5-51 A: The ovary can be differentiated from the obturator in-
ternus muscle by scanning in a transverse plane and angling the beam 
in from the side of the pelvis opposite the ovary to be demonstrated. 
This steep angle brings the ultrasound beam more perpendicular to 
the surface of the obturator internus muscle and usually demonstrates 
the thin layer of fat overlying the muscle, thus separating the dark echo 
pattern of the ovary from the similar dark pattern of the muscle. B: A 
more diffi cult task is to separate the ovary from the myometrium when 
the two are in opposition. Scanning in a transverse plane with the trans-
ducer positioned on the same side of the pelvis as the ovary of interest 
and angled slightly back toward the midline often permits demonstra-
tion of a thin line between the ovary and the uterus, which confi rms 
that the structure is an ovary and not a small subserosal fi broid. Careful 
attention to matching ovarian position with the focal zone of the ultra-
sound beam also helps. Placing the patient in a decubitus position may 
make it easier to obtain certain steeply angled scan planes.

Figure 5-52 Sagittal scan of the right ovary at an optimal gain set-
ting. Note posterior enhancement that “marks” the position of the 
overlying ovary.
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confi rm that with a normal ovary, peripherally located 
EOF are a benign process; however, there has been little 
study of EOF within the medulla of the ovary. 40,41  

 THE BOWEL 

 The degree of fi lling of the rectum infl uences the uter-
ine position. Bowel may be easily mistaken for a pelvic 
mass, particularly when peristalsis is not readily evident 
in the real-time image. The descending colon becomes 
the sigmoid colon and enters the pelvic space through 
the left iliac fossa. The sigmoid typically forms one or 
more S-curves, which loop back and forth through the 
pelvis (Fig. 5-53). 

 Peritoneum covers the sigmoid, which forms a short 
suspensory membrane known as the mesocolon, which 
contains vessels and nerves. The fl exibility of the me-
socolon permits the sigmoid colon to move over a rela-
tively wide area of the posterior pelvic compartment. 
When the urinary bladder is full, the sigmoid and the 
loops of small bowel occupy the posterior cul-de-sac. 
This location of the sigmoid can create some diffi culties 
during the endovaginal sonographic exam. Transducer 
placement in the posterior fornix results in imaging of 
sigmoid colon loops that may lie between the trans-
ducer and the ovaries. In such cases, transfer of the 
transducer to the lateral fornix may permit better vi-
sualization. This is not a problem in transabdominal 
scanning because the distended urinary bladder forces 
the sigmoid and loops of small bowel upward so that 
they move above and behind the fundus of the uterus. 

 The fecal-fi lled sigmoid colon runs from the left pos-
terolateral brim of the pelvis down to the cul-de-sac. 
At about the midpoint of the sacral curve, the sigmoid 
moves posterior to the peritoneum and, like the descend-
ing colon, becomes partially buried, so that only its ante-
rior surface and part of its lateral surfaces are covered by 
peritoneum. From this point to the anus, the large bowel 

Figure 5-53 Schematic diagram of the large bowel and its relationship 
to the false pelvis. The false pelvis is usually fi lled with loops of small 
bowel. The cecum and appendix are found on the right side of the false 
pelvis, and the pelvic portion of the descending colon and the proximal 
(upper) part of the sigmoid colon are found on the left. The location of 
the appendix is highly variable, and it may be found virtually anywhere 
in the right false pelvis, or even in the true pelvis. Cae, cecum; Apx, ap-
pendix; Dsc, descending colon; Sc, sigmoid colon; R, rectum.

R

Sc

Dsc

Cae

Apx

is the rectum. This portion demonstrates characteristic 
thick and muscular walls. 

 The rectum walls are usually not visible, but rec-
tal contents image easily. Fecal material in the rectum 
causes irregular shadows and produces a pattern of 
very dense, bright echoes typical of material contain-
ing gassy areas. Fluid in the rectum or fecal material 
containing little gas permits visualization of the an-
terior surface of the sacrum lying deep to the rectum 
(Fig. 5-54A). On real-time observation, loops of small 

A B

Figure 5-54 A: A sagittal transabdominal image of the uterus demonstrating bowel (B) with typical “dirty” shadows. B: Endovaginal scan of 
the uterus. Loops of bowel (B) are seen posterior to the uterus (Ut).
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PATHOLOGY BOX 5-5

Echo Pattern of Bowel

 Echo Pattern Shadows

Small bowel Variably echogenic content with 
  thin, anechoic ring representing 

the muscular wall

Shifts with movement of bowel 
  and content

Cecum Variably echogenic content with 
  thin, anechoic ring representing 

the muscular wall

Constant except when peristalsis 
  occurs

Sigmoid Echogenic content with thin, 
  anechoic ring representing the 

muscular wall

Constant except when peristalsis 
  occurs

Rectum Echogenic content with thin, 
  anechoic ring representing the 

muscular wall

Constant and nearly complete: 
  only top surface of fecal boluses 

can be seen

A10

A3
A4

A5

A6

A7

A8

A9

A2

A1

Figure 5-55 The pelvic vascular system. Although only the arteries 
are shown in detail, the veins follow the same pattern but lie poste-
rior to the arteries. The one exception to the pattern of naming the 
vessels is the internal iliac artery, whose companion vein is named 
the internal iliac vein rather than the internal iliac artery. Note the 
triangular space defi ned by the vessels at the bifurcation of the 
common iliac vessels. This open-based triangle is the ovarian fossa 
(Waldeyer’s fossa). A1, aorta; A2, common iliac artery; A5, external 
iliac artery; A4, internal iliac artery; A5, superior gluteal artery; A6, 
obturator artery; A7, umbilical artery; A8, uterine artery; A9, superior 
vesical artery; A10, internal pudendal and inferior gluteal arteries.

bowel demonstrate peristalsis allowing for easy differ-
entiation, particularly if fi lled with fl uid (Fig. 5-54B).
In contrast, rectal peristalsis is infrequent and is identi-
fi ed by its location and echo pattern, rather than by its 
 motion. 

 The cecum and appendix can usually be identifi ed 
in the right iliac fossa. The appendix is one of the most 
variable structures in the human body, and although 
technically it is an abdominal structure, sonographers 
often  locate it in the pelvis. 17  

 In most cases the bowel is relatively easy to differen-
tiate from other pelvic organs and from the muscle. If it 
is not clear whether the posterior cul-de-sac harbors a 
mass versus a bowel loop, a water enema administered 
with simultaneous real-time imaging helps establish a 
diagnosis. Movement of water through the rectum and 
sigmoid should permit positive identifi cation of these 
structures. 

 THE PELVIC VASCULAR SYSTEM 
 Until the early 1990s, information about the pelvic 
 vascular system had little direct value for sonographers. 
Occasionally, they encountered dilated pelvic veins mim-
icking a complex mass, but these were rare. Spectral, 
color, and power Doppler examinations of the pelvic 
vessels is becoming increasingly important in obstetric 
ultrasound and are promising to have applications in gy-
necologic sonography, as well. 

 The pelvic vascular system consists of three distinct 
components: the arteries, the veins, and the lymphat-
ics. The lymphatic channels usually have no signifi -
cance in pelvic sonography. 

 The spatial relationship of the great vessels (aorta 
and vena cava) changes as they descend through the 
abdomen. In the upper abdomen, the vena cava is lo-
cated closer to the abdominal wall than the aorta. Just 
above the level of the umbilicus, these two vessels 
come to lie side by side, and then at their bifurcation 
the veins come to lie posterior to the arteries. 16  

 ARTERIAL SYSTEM OF THE PELVIS 

 The aorta usually bifurcates at a point slightly higher 
than the inferior vena cava, giving rise to the common 
iliac arteries, which are quite short, extending only for 
a few centimeters. They bifurcate into the large ex-
ternal iliac artery and the smaller internal iliac artery 
(Fig. 5-55). The external iliac artery runs along the me-
dial border of the iliopsoas muscle at the brim of the 
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true pelvic space. When it reaches the lower margin of 
the pelvis, the external iliac artery passes beneath the 
inguinal ligament to enter the thigh, becoming the com-
mon femoral artery. 

 The internal iliac artery, also known as the hypogas-
tric artery, courses from the bifurcation at the upper 
and posterior margin of the true pelvic space down into 
the pelvic cavity along the lateral wall for a distance 
of only one or two centimeters. It then gives rise to 
the relatively large and posteriorly directed superior 
gluteal artery. The internal iliac artery continues down-
ward along the pelvic wall, giving rise to four small 
branches that course anteriorly along the pelvic wall: 
the obturator artery, the umbilical artery, the uterine-
vaginal artery, and the superior vesical artery. Finally, 
the internal iliac terminates in two posteriorly directed 
branches: the internal pudendal and the inferior gluteal 
arteries. Except for these last two posteriorly directed 
branches, the branches of the internal iliac artery and 
their many subdivisions fan out along the lateral wall 
of the pelvis, descending to the pelvic fl oor to pass over 
the pelvic diaphragm to reach their target organs or 
muscles. 18  The internal iliac artery is the primary blood 
supply for the uterus, vagina, urinary bladder, and most 
of the muscles of the pelvic fl oor. Remember, branching 
patterns of blood vessels are highly variable. 

 Most of the smaller branches of the internal iliac artery 
are not individually identifi able in the ultrasound image, 
but one branch, the uterine artery, is important to sonog-
raphers. The uterine artery extends across the pelvic fl oor 
to reach the uterus at approximately the level of the tip 
of the cervix (Fig. 5-56A). At this point, it bifurcates into 
a uterine branch and a descending vaginal branch. Its 
uterine component turns upward to run along the lateral 
margin of the uterus (Fig. 5-56B) to the fallopian tube, 
where it again makes a sharp turn to run along the fal-
lopian tube. Just past the cervical “right-angle” turn, the 
uterine artery is relatively straight as it ascends alongside 
the cervix. At this point the artery is most accessible for 
Doppler evaluation with an endovaginal transducer. As it 
courses upward along the lateral border of the uterus, the 
uterine artery becomes very tortuous. 

 The reproductive organs, like the brain, have an elab-
orate fail-safe blood supply. In addition to terminating in 
capillaries embedded in the target organ, the internal pu-
dendal artery, vaginal artery, and uterine artery all have 
anastomotic branches that form a complex network of 
interconnected channels around the vagina and most of 
the uterus. This anastomotic network ensures that com-
promised fl ow through any one of these arteries does not 
result in tissue damage in the target organ. Other feeder 
vessels of the network provide an immediate compensa-
tory fl ow, thus preserving tissue function. An even more 
elaborate system exists to supply the ovary. 

 The embryonic ovaries originate in the abdominal 
region from a common mesenchymal tissue, which also 
gives rise to the adrenal glands. This explains tumors 

with adrenal characteristics forming in the pelvis and 
adrenal gland tumor production of sex hormones. In 
the later stages of embryonic life, the ovaries descend 
into the pelvis, guided by a ligamentous band called 
the gubernaculum. As the embryonic ovaries descend, 
they bring along their original blood supply derived 
from the aorta and draining into the vena cava. These 
vessels persist in adult life as the ovarian artery and 
vein. The ovarian arteries, sometimes called the go-
nadal arteries, originate as lateral branches of the aorta 
at about the level of the lower margin of the renal pel-
vis (Fig. 5-57). These arteries course downward over 
the psoas muscles and along the same path followed 
by the ureters, crossing over the common iliac artery 
just superior to its bifurcation into the external and 
internal iliac arteries. The ovarian artery then bridg-
es across from the upper margin of the pelvis to the 
ovary through the infundibulopelvic ligament. From 
the infundibulopelvic ligament it passes through the 
mesovarium to reach the ovarian hilum, where it sup-
plies the ovarian parenchyma. In addition, the ovarian 
artery forms anastomoses with the ovarian branches 
of the uterine artery, thus providing a closed-loop or 
fail-safe blood supply originating from two widely di-
vergent points in the arterial system. 

 VENOUS SYSTEM OF THE PELVIS 

 The venous system of the pelvis follows a pattern virtu-
ally identical to that of the arterial system. The inferior 
vena cava bifurcates slightly below the level of the aor-
tic bifurcation, giving rise to the common iliac veins, 
which run beneath the common iliac arteries. These 
short vessels in turn give rise to the large external iliac 
veins, which drain the legs, and the internal iliac veins, 
which drain the pelvic organs and muscles. The ovar-
ian veins follow the same course as the ovarian arteries 
until they reach the midabdomen, where the right ovar-
ian vein drains directly into the vena cava and the left 
ovarian vein drains into the left renal vein. 

 Because the veins are thin walled, they are highly 
distensible and vary in size with certain conditions, 
most notably pregnancy. After parturition, the venous 
channels usually shrink, but they may remain promi-
nent and easily visible. If venous congestion occurs, 
the veins may form pelvic varices, which are readily 
identifi able in the ultrasound image. In some women, 
particularly after parturition, the venous channels in 
the outer regions of the myometrium are clearly visible. 

 The Ureter 
 The ureters course along the lateral pelvic wall posterior 
to the ovary. These musculomembranous tubes move 
urine by peristalsis and enter the pelvis at a point just 
caudad to the bifurcation of the common iliac vessels. 
The ureter is posterior and lateral to the ovary with the 
most common position lateral to the uterus (Fig. 5-58). 
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PATHOLOGY BOX 5-6

Arterial Vasculature of the Pelvis

   Branches Supplying 
Vessel Pelvic Organ Supplied Pelvic Organs

Aorta All via branches External and internal iliac
Internal iliac artery 
(aka  hypogastric artery)

All via branches Uterine, ovarian, bladder, 
  rectum, umbilical artery in 

the fetus
Uterine Artery Uterus, fallopian tube, ovary, 

 vagina
Arcuate, vaginal

Ovarian (aka gonadal artery) Ovary, ureters, fallopian tube

Iliolumbar artery

Lumbosacral trunk

Superior gluteal artery

Lateral sacral artery
Ventral rami:
    S1
    S2
    S3
    S4

Inferior gluteal artery

Internal pudendal artery

Middle rectal artery

Rectum

Vaginal artery*

*Vaginal artery arises from uterine artery in 11% of cases

Uterine arteryVagina
Inferior vesical branch of vaginal artery

Urinary bladder

Obturator artery

Superior vesical arteries

Medial umbilical ligament
(obliterated umbilical artery)

Inferior epigastric artery

Umbilical artery

External iliac artery

Internal iliac artery

Right common iliac artery

Abdominal aorta

A

Figure 5-56 A: Arterial supply to the uterus. The broad ligament 
has been removed to expose the uterine artery as it courses upward 
from the level of the cervix to the cornu of the uterus, where it makes 
a sharp turn to run along the underside of the fallopian tube. The 
uterine artery forms an anastomosis with the ovarian artery beneath 
the fallopian tube. Thus, although the uterine artery is the principal 
supplier of blood to the uterus, it is not the sole supplier. Anasto-
motic connections are not limited to the uterine-ovarian arteries. 
They are found throughout the pelvis, providing an elaborate fail-
safe network of alternate channels to each of the organs. B: This 
transverse endovaginal image of the region of the uterine isthmus 
(Ut) uses color Doppler to demonstrate the abundant vessels that 
lie along the lateral uterine margins. Blood fl ow is indicated by the 
presence of color.B
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Figure 5-57 The blood supply of the ovaries. The uterine artery and the ovarian artery form anastomoses in the region of the ovarian hilum. 
Note the difference in the pattern of ovarian artery origin versus ovarian vein termination. Because lymphatics follow the gonadal (ovarian) 
vessels, tumor spread from the pelvis to the para-aortic nodes at the level of the renal pelvis is common. 
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Right kidney
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Right ureter

Psoas major
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Iliac arteries:
    Common
    Internal
    External
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B Anterior view

Figure 5-58 Sagittal scans of the ovary and surrounding vessels. A: An endovaginal image demonstrating the internal iliac artery (IA), internal 
iliac vein (IV ), and a normal ovary. B: A transabdominal image on a more medial scan plane demonstrates mostly ovarian tissue, with the ureter 
(arrows) running posterior to the ovary. UBL, urinary bladder.
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examination. Endovaginal sonography images have a 
different orientation compared to conventional trans-
abdominal images because of the transducer location. 
The typical orientation for a pelvic transabdominal 
image demonstrates that the structures closest to the 
footprint of the transducer are at the top of the image 
screen. Figure 5-59 illustrates a typical TAS sagittal 
view demonstrating the anterior aspect (patient’s belly) 
at the top of the screen, the posterior aspect (patient’s 
back) at the bottom, superior (toward patient’s head) to 
the left of the image and inferior (toward patient’s feet) 
at the right side of the image. As a result, when in the 
longitudinal plane performing a EVS examination, the 
bottom of the screen is oriented toward the patient’s 
head (superior); the top of the screen is toward the pa-
tient’s feet (inferior); the left side is the patient’s belly 
(anterior) and the right is the patient’s back (posterior), 
as demonstrated in Figure 5-60. The organ-to-image ori-
entation depends on the position of the uterus within 
the pelvis. Obtain coronal and oblique coronal images, 
which are equivalent of transverse images produced by 
TAS. The anteverted uterine position occurs with an 
empty bladder allowing for acquisition of images on 
this plane. In transverse (coronal/oblique coronal) EVS 
imaging, as in the conventional transabdominal orien-
tation, the right side of the patient corresponds to the 
left of the screen and the left side of the patient corre-
sponds to the right of the screen (Fig. 5-61). 

 Orientation of the image often begins with how the 
sonographer holds the transducer. The EV transducer, 
like any other transducer, has a notch or raised portion 
to indicate the orientation. Most transducers orient this 
marker with the manufacturer logo next to the top of 
the image. For sagittal images, the marker is up toward 
the front of the patient. For coronal images, rotate the 
notch counterclockwise (toward the patient’s right). 

As the ureter descends into the pelvic space, it moves 
medially to reach the trigone of the urinary bladder, 
and therefore oblique scan planes are usually required 
to demonstrate long segments of the ureter in the pel-
vis. Real-time sonography images ureteral contractions, 
with endovaginal images identifying the ureter easier 
than transabdominal imaging. 

 ENDOVAGINAL TECHNIQUE, 
TRANSDUCER PREPARATION, 
ORIENTATION, AND MANIPULATION 
 A female chaperone should be present when a male so-
nographer or physician performs a endovaginal exami-
nation. Explain the examination to the patient before a 
procedure to help alleviate anxiety. 

 Place the patient in the lithotomy position, ideally 
on a gynecologic examination table. If such a table is 
not available, the patient’s hips can be elevated with a 
foam pad or pillow. Ensure complete coverage of the 
pelvis and legs. 

 To prepare the transducer, apply scanning gel directly 
on the transducer footprint prior to placing a protective 
sheath over the transducer. Eliminate any air bubbles 
between the transducer and sheath with a gloved hand. 
Place a generous amount of sterile gel on the outside of 
the sheath before gently inserting the transducer into the 
vaginal canal. If the study is part of an infertility work-up 
or follicular monitoring, use saline or water to lubricate 
the sheath, as gel may inhibit sperm motility. If using 
commercial condoms, ensure they are free of spermicide. 
The sonographer, the physician, or the patient herself 
can then insert the transducer. 

 Avoid extreme angling of the transducer because 
this may be uncomfortable. Nongravid and pregnant 
patients easily tolerate a well-performed endovaginal 

Figure 5-60 An EVS examination. The bottom of the screen is ori-
ented toward the patient’s head (superior); the top of the screen is 
toward the patient’s feet (inferior); the left side is the patient’s belly 
(anterior) and the right is the patient’s back (posterior).

Figure 5-59 A TAS in sagittal view demonstrates the anterior aspect (pa-
tient’s abdomen) at the top of the screen, the posterior aspect (patient’s 
back) at the bottom, superior (toward patient’s head) is to the left of the 
image and inferior (toward patient’s feet) is at the right of the image.
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Figure 5-61 EVS image in oblique transverse view.

Figure 5-62 Schematic diagram demonstrating the movement of 
the transducer to produce sagittal views of the uterus in the same 
plane. The transducer handle is moved anterior and posterior to 
view all the sections of the uterus in the sagittal plane. (From  DuBose 
TJ. Fetal Sonography. Philadelphia: WB Saunders; 1996:61–64; illus-
tration by Victoria Vescovo Alderman, MA, RDMS.)

ovary, fallopian tube, pelvic vasculature, ligaments, 
bowel, and other organs or structures (Fig. 5-63). 

 Many pieces of equipment allow for steering of the 
beam without the need for transducer manipulation. 
Upon decreasing the sector width, quite often the so-
nographer is able to steer the beam to the right or left 

 Some endovaginal transducers have a slanted face, 
requiring a little different technique for the coronal 
views. Rotation of the transducer in the above method 
works well for the right ovary; however, to image the 
left ovary, the marker must be rotated clockwise. This 
results in reversal of the image. To remedy this, locate 
the invert function to fl ip the image. Obtain the left 
ovary images and do not forget to orient the image to 
the original plane. 

 Many authors found it easier to use “organ-oriented” 
scanning rather than trying to locate traditional anatomic 
planes. This approach entails scanning the target organ 
from axial, longitudinal, as well as other planes. 19,20,21  

 The technique of EVS examination and image inter-
pretation becomes easier to discuss upon understand-
ing the basic concept of image orientation. The most 
common transducer/patient manipulations are the fol-
lowing: 

 1. Anteroposterior angulation (belly-to-back) 
 2. Lateral (side-to-side) angulation 
 3. Depth of penetration (push-pull) 
 4. Rotation 
 5. Bimanual maneuvers 

 ANTEROPOSTERIOR ANGULATION 
 In the longitudinal plane, anteroposterior angulation 
allows the operator to optimize imaging of the uterus 
(Fig. 5-62). A slight and gradual downward movement 
of the transducer’s handle angles the transducer up-
ward, allowing better visualization of an anteverted 
uterus. Conversely, an upward motion of the handle 
angles the transducer toward the patient’s back, allow-
ing better visualization of a retroverted uterus. 

 LATERAL ANGULATION 

 Side-to-side manipulation of the transducer improves 
visualization of a uterus deviated to the right or left of 
midline, the cornua of the uterus, and the ipsilateral 

Figure 5-63 Schematic diagram demonstrating the movement 
of the transducer to view sagittal images in different planes. As 
the transducer is angled from one side to the other, parallel slices 
of the uterus are imaged. (From DuBose TJ. Fetal Sonography. 
 Philadelphia: WB Saunders; 1996: 61–64; illustration by Victoria 
Vescovo Alderman, MA, RDMS.)
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in the “semicoronal” transverse plane of the adnexa and 
its contents. 

 BIMANUAL MANEUVER 

 Another aid in optimizing endovaginal imaging is the 
bimanual maneuver. The sonographer places his or her 
free hand on the patient’s pelvic area and gently ap-
plies pressure over the site of interest. This maneuver 
displaces bowel and moves organs or structures located 
higher in the pelvis into the EVS transducer’s fi eld of 
view. The bimanual maneuver can also help the ex-
aminer discriminate between a uterine and nonuterine 
mass. A uterine mass moves with the rest of the uter-
us, whereas a non-uterine mass slides past the uterine 
wall. This is also benefi cial in ovarian masses. 

 The EVS examination of the female pelvis should 
begin by imaging the cervix, with the transducer in-
completely inserted, increasing the distance between 
it and the cervix. Image the entire uterus sagitally by 
angling the transducer from one side to the other (lat-
eral angulation). View the transverse planes by rotating 
the transducer 90 degrees counterclockwise and angle 
it anterior to posterior to visualize all sections of the 
uterus and the cul-de-sac. Image the ovaries in both 
planes, using the same landmarks as in TAS. In post-
menopausal women the lack of follicles may make the 
ovaries more diffi cult to locate. 

of the central beam. This becomes helpful in the patient 
with ovaries located extremely lateral in the pelvis. This 
steering technique is also helpful in imaging the ante-
verted or retroverted uterus. 

 DEPTH OF PENETRATION VS. RESOLUTION 

 Changes in depth of penetration created by a gradual ad-
vancement or withdrawal of the vaginal transducer al-
lows the sonographer to image an organ or structure by 
placing it within the central portion of the transducer’s 
fi eld of view (Fig. 5-64). Changing the frequency also al-
lows the sonographer to vary the depth of penetration. 
A lower frequency increases the depth of penetration 
to include structures higher in the pelvis; however, this 
comes with lower resolution. A higher frequency limits 
the depth to the structures in the true pelvis. The higher 
resolution increases the image resolution. 

   Decreasing the sector size also changes the resolution 
through changes in line density. The smaller sector size 
 results in more lines within the sector, thus increasing the 
resolution. To obtain the optimal image resolution, use the 
highest frequency, shallowest depth, and the smallest sec-
tor size. 

 ROTATION 

 A 90-degree counterclockwise rotation of the transducer 
allows for imaging in the “semicoronal” or oblique trans-
verse planes (Fig. 5-65). This rotation, coupled with slow 
maneuvering of the transducer handle up and down (an-
teroposterior angulation), produces a sweep of the pelvic 
anatomy from the superior to the inferior regions. Lateral 
angulation provides focus to either the left or right side 

Figure 5-64 Schematic diagram demonstrating the movement of 
the transducer to view structures at various distances from the fornix. 
Pushing the transducer deeper into the fornix brings more distant 
structures into the fi eld of view, whereas withdrawing the trans-
ducer permits visualization of the cervix. (From DuBose TJ. Fetal 
 Sonography. Philadelphia: WB Saunders; 1996:61–64; illustration by 
Victoria Vescovo Alderman, MA, RDMS.)

Figure 5-65 Schematic diagram demonstrating the movement of 
the transducer to view semicoronal/transverse images of the uterus. 
Beginning in a sagittal plane, the transducer is rotated 90 degrees 
counterclockwise to image the uterus in transverse, with the right 
adnexa appearing on the right side of the screen. (From DuBose TJ. 
Fetal Sonography. Philadelphia: WB Saunders; 1996:61–64; illustra-
tion by Victoria Vescovo Alderman, MA, RDMS.) 
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The pressure of endovaginal ultrasound transducers 
may temporarily deform soft objects such as an ovar-
ian cyst. In patients complaining of lower abdominal 
and pelvic pain, palpate the uterus and adnexa with the 
transducer head. This is an effi cient way to detect the 
cause and location of the pain. In patients presenting 
with abnormal uterine bleeding, for outlining the uter-
ine cavity a negative contrast medium such as saline 
is used. 

 When the object is far from the vaginal fornix, use 
bimanual maneuver and push the object toward the 
vaginal fornix. If it does not work satisfactorily or the 
object is too big, use transabdominal sonography or 
other modalities such as CT or MRI. Endovaginal so-
nography is powerful in gynecologic examination but 
not universal. 

 COLOR AND SPECTRAL DOPPLER IMAGING 

 Doppler ultrasound can determine the presence or 
absence of fl ow, fl ow direction, and fl ow character. 23  
One of the fundamental limitations of fl ow infor-
mation provided by the Doppler effects is that it is 
angle dependent. Furthermore, artifacts in Doppler 
ultrasound can be confusing and lead to misinter-
pretation. The Doppler effect consists of a change 
in frequency of waves that refl ect from moving re-
fl ectors. The amount of the change of frequency is 
called Doppler shift and is measured in Hz. Velocity 
can be calculated when the angle between ultrasound 
beam and fl ow direction is known. Apart from ab-
solute velocity measurement, one can defi ne relative 
indices, which are particularly useful for fl ow eval-
uation without known angle between the fl ow and 
ultrasound beam. Because of inherent diffi culties in 
quantitatively evaluating blood fl ow, the blood fl ow 
velocity waveform has commonly been interpreted 
to distinguish patterns associated with high and low 
resistance in the distal vascular tree. Three indices 
are in common use, the systolic/diastolic ratio (S/D 
ratio), the pulsatility index (PI, also called the imped-
ance index), and the resistance index (RI, also called 
the Pourcelot ratio). The S/D ratio is the simplest, 
but it is irrelevant when diastolic velocities are absent 
and the ratio becomes infi nite. An “extremely high” 
value would be above 8.0. 

 Defi nitions of RI and PI are as follows: 
Resistance index (RI) � S � D / S
Pulsatility index (PI) � S � D / mean
 Spectral Doppler or pulsed Doppler display the 

peak  velocity of fl ow in a vessel. Spectral Doppler 
presents as either a positive or a negative shift above 
or below the baseline, indicating the direction of fl ow 
within the evaluated vessel. Direction of fl ow is more 
important when evaluating larger blood vessels and 
can be quite challenging for smaller vessels. Each 
vessel in the body has a spectral waveform expected 

 The American College of Radiology (ACR) and 
the American Institute of Ultrasound in Medicine 
(AIUM) provides a pelvic sonogram guideline for so-
nographers. 22  The protocol may be adapted for spe-
cifi c needs of a department, doctor, and/or patient. 
The representative images obtained and required 
may vary between facilities. The following protocol 
contains the minimum views for a normal pelvic 
exam. Visit the ACR or AIUM web site for a detailed 
 protocol. 22  

 1) Image the cervix in the sagittal and coronal planes. 
Use the vaginal canal as a landmark for the cervix 

 2) Advance the transducer to the fornix of the vagina 
to examine the uterus in both the long and short 
axis planes. Be sure to evaluate and scan through 
the entire organ. Measure on three orthogonal 
planes 

 3) Image and measure the endometrium on the mid-
line sagittal plane 

 4) Proceed to evaluate both adnexa by sweeping 
through each side in the longitudinal and trans-
verse planes 

 5) Use spectral, color, and/or power Doppler to iden-
tify vascular structures within the pelvis 

 6) Capture images of the ovaries demonstrating both 
long and short axis of each organ, documenting 
any abnormalities detected in both planes as well. 
Measure each ovary on three planes 

 7) Finally, examine and image the pelvic cul-de-sac 
for the presence of fl uid. Normal anatomic struc-
tures such as the ovaries and fallopian tubes, 
and/or pathology, may be present in this area 
as well 

 PRACTICAL TIPS: HOW TO IMPROVE 
ENDOVAGINAL SCANNING 

 Sometimes it is hard to obtain a clear image of the ob-
ject remote from the transducer head because the en-
dovaginal transducer uses high-frequency ultrasound 
with poor tissue penetration. The solution to this prob-
lem is to bring the transducer head as close as possible 
to the object. For example, if the ovary is in the cul-  
de-sac, the transducer should be positioned in the pos-
terior vaginal fornix. 

 When using a frequency-selectable transducer, 
choose the frequency that allows for adequate penetra-
tion and the best detail. When the object is near the 
vaginal fornix, a high-frequency setting is used. To im-
age a structure further from the transducer face, use a 
low- frequency setting. A closer structure requires less 
penetration, thus allowing for use of a higher-frequency 
setting. 

 Consider the pressure to the object by the transduc-
er head. The pressure by the transducer head easily 
transmits to the object because there is no hard tissue 
like the abdominal wall in transabdominal sonography. 
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pathophysiological conditions. 24,25  The ovary receives 
arterial blood fl ow from two sources: the ovarian ar-
tery and the utero-ovarian branch of the uterine artery. 
These arteries anastomose and form an arch parallel 
to the ovarian hilum. Characteristic fl ow signals from 
the ovarian  artery demonstrate low Doppler shifts and 
blood velocity (Fig. 5-66). The waveform varies with 
the state of activity of the ovary. Studies of the ovarian 
artery blood fl ow velocity waveforms demonstrated 
a difference in the vascular impedance between the 
two  ovarian arteries, depending on the presence of 
the dominant follicle or corpus luteum. 24,25  Decreased 
pulsatility and resistance indices refl ect decreased vas-
cular impedance and increased fl ow to the ovary con-
taining the dominant follicle or corpus luteum. 24  The 
ovarian artery of the inactive ovary shows low end-
diastolic fl ow or absence of diastolic fl ow. A rise in 
end-diastolic fl ow velocity of the active ovary is most 
obvious during the midluteal phase. 

 From the ovarian hilum, arterial branches penetrate 
the stroma and acquire a tortuous and helicoid path-
way. Spiral or helical artery naming is due to their 
characteristic shape. This type of vascularity demon-
strates a high resistance to blood fl ow. Such vessel 
structure also facilitates accommodation to changes 
in ovarian size due to development of the follicle and 
the corpus luteum. As they grow, the arteries unwind 

during the examination. Pulsed Doppler of the pelvic 
vasculature may and can vary depending on the men-
strual phase of the patient, as will be discussed later 
in this chapter. 

 Color Doppler demonstrates the average fl ow fre-
quencies, displayed as a velocity, over time within the 
specifi c area examined. Color Doppler also provides di-
rectional information, determining whether the fl ow is 
toward or away from the transducer. 

 Power Doppler is another option available if color 
Doppler is not producing the desired effects. Power 
Doppler is another mode which displays the Doppler 
shift as color. Unlike color Doppler, where a slow or 
low fl ow states result in a poor signal, power Doppler 
uses the strength or amplitude of the signal. This re-
sults in an increased sensitivity to low blood fl ow; thus 
vessels that produce lower Doppler shifts image with 
power Doppler. Newer equipment now has the ability 
to display what is called directional power Doppler; 
however, standard power Doppler does not represent 
direction. Power Doppler used as an adjunct to color 
supplies the sonographer with more valuable diagnos-
tic information. 

 The preset for the pelvic exam is a good starting point 
for Doppler settings; however, the sonographer has the 
capability to adjust the pulse repetition frequency (PRF) 
or scale, color or pulsed Doppler gain, wall fi lter, and 
baseline. 

 Transabdominal and endovaginal imaging may both 
benefi t from the implementation of spectral, color, and 
power Doppler. Apply these techniques to situations 
such as ovarian torsion evaluation, adnexal masses, 
retained products of conception (RPOC), and ectopic 
pregnancies. Use of the various Doppler modes have 
improved the diagnosis of many pelvic abnormalities 
and emergencies. 

 FOLLICULAR AND LUTEAL 
BLOOD FLOW 
 With endovaginal sonography and color fl ow imag-
ing, it is possible to study subtle vascular chang-
es during the  ovarian cycle in physiological and 

Figure 5-66 Blood fl ow velocity waveforms obtained from the ovar-
ian artery during the luteal phase of the menstrual cycle. Note con-
tinuous diastolic fl ow and RI of 0.82, refl ecting increased fl ow to the 
dominant ovary.

PATHOLOGY BOX 5-7

Tips for Endovaginal Sonography

• Ensure removal of all air between the sheath and transducer
• Use the highest frequency possible for the best detail
• Reduce the sector width to increase detail
• Image the organ of interest in the central beam
• Position the transducer footprint close to the area of interest
• Decrease the depth to fi ll the image with the target organ
•  Use external maneuvers such as bimanual manipulation or rolling the patient to bring the 

area of interest into range
• Color or power Doppler helps identify surrounding vessels and thus the organ (i.e., ovary)
• Ask for help
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Figure 5-67 3D power Doppler image of a preovulatory follicle. Perifollicular fl ow is easily obtained by power Doppler imaging.

Figure 5-68 Pulsed Doppler waveform analysis of follicular fl ow 
shows RI of 0.54.

and become larger, returning to the basal state during 
follicular atresia or luteal regression. Routine clinical 
practice uses follicular growth assessment starting 
from the ninth or the tenth day of a regular 28-day 
menstrual cycle. The dominant follicle images as an 
anechoic cystic structure with sharp borders usually 
measuring 8 to 10 millimeter in diameter. As stated, it 
grows at a rate of 2 to 3 millimeters per day. Detection 
of follicular rim fl ow velocity patterns occur when a 
dominant follicle attains 10 millimeters in diameter 
(Fig. 5-67). 24,25  A few days preceding ovulation, the re-
sistance index (RI) is about 0.54 (Fig. 5-68). A decline 
in resistance to fl ow usually starts 2 days prior to ovu-
lation, resulting in an RI of approximately 0.44  �  0.04 
at ovulation. Blood fl ow velocity increases before ovu-
lation probably because of both hormonal factors and 
angiogenesis. A signifi cant increase in the peak systol-
ic blood fl ow velocity also helps determine imminent 
ovulation even in the presence of a relatively constant 
RI. This may be due to angiogenesis and dilatation 
of these newly formed vessels between the vascular 
theca cell layer and the hypoxic granulosa cell layer of 
the follicle. Disruption of these vascular changes may 
have profound effects on oxygen concentration across 

the follicular epithelium. In luteinized unruptured fol-
licles, there is a failure of blood velocity to peak dur-
ing the preovulatory period. 25  These data support the 
hypothesis that changes in  oxygen  tension within the 
follicular wall may be necessary for follicular rupture. 
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 UTERINE BLOOD FLOW 
 The majority of the blood supply to the uterus is from 
the uterine arteries with minimal contribution from the 
ovarian arteries. The uterine arteries give rise to the 
arcuate arteries, which orient circumferentially in the 
outer third of the myometrium (Fig. 5-72). These ves-
sels give rise to the radial arteries, which after crossing 
the myometrial-endometrial border further branch and 
give rise to the basal arteries and the spiral arteries. 
The basal arteries, which are relatively short, terminate 
in a capillary bed that serves the stratum basale of the 
endometrium. The spiral arteries, on the other hand, 
project further into the endometrium and terminate in 
a vast capillary network that serves the functional layer 
of the endometrium. 

 Only the spiral arteries undergo substantial anatom-
ic changes during the menstrual cycle (Fig. 5-73). 24,25  

In patients with polycystic ovarian syndrome, there are 
no changes in the ovarian arteries and intra- ovarian 
vascular resistance during the menstrual cycle. 

 Following ovulation, the corpus luteum forms as 
the result of many structural, functional, and vascular 
changes in the former follicular wall (Fig. 5-69). En-
dovaginal color Doppler may detect luteal fl ow early 
in the second half of the ovarian cycle and also during 
the fi rst trimester of pregnancy. 26,27  The mature corpus 
luteum demonstrates increased blood fl ow velocity in 
relation to the preovulatory follicle, with a mean RI of 
0.43  �  0.04 (Figs. 5-70 and 5-71). 24  In the nonpregnant 
state the regression of the corpus luteum begins at 
about the 23rd day of the menstrual cycle and is recog-
nized by an increased RI of 0.49  �  0.02. In pregnancy, 
the corpus luteum is maintained by the secretion of 
human chorionic gonadotropin (hCG) produced by the 
trophoblast. 

Figure 5-69 Demonstration of increased intraovarian  vascularity 
during the luteal phase as demonstrated by 3D power Doppler 
 ultrasound.

Figure 5-70 Endovaginal color Doppler scan of a hemorrhagic cor-
pus luteum. Color coded area represents corpus luteum angiogen-
esis. (Image courtesy of Philips Medical Systems, Bothell, WA.)

Figure 5-71 Pulsed Doppler waveform analysis shows high velocity 
(24.2 cm/s) and low impedance (RI � 0.38), both indicative of normal 
corpus luteum function.

Figure 5-72 Endovaginal color Doppler scan of the uterus dem-
onstrating arcuate (AA), radial (RA), and spiral arteries (SA). (Image 
courtesy of Philips Medical Systems, Bothell, WA.)
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aware of the circadian rhythm in uterine artery blood 
fl ow during the periovulatory period, which appears 
to be independent from hormonal changes. 28  

 The quality of endometrial perfusion is highly de-
pendent upon the uterine, arcuate, and radial artery 
blood fl ow. The characteristic spiral artery fl ow has a 
lower velocity spectral tracing when compared to the 
uterine artery. 24,25  It is hypothesized that the features 
of endometrial blood fl ow might be used to predict the 
implantation success rate and reveal unexplained infer-
tility problems. 

 THREE-DIMENSIONAL ULTRASOUND 
 The introduction of three-dimensional (3D) ultrasound 
into a routine practice has enabled storage of complete 
sets of volume data (Fig. 5-75). Once stored, these data 
sets allow access and image reconstruction at any time 
without deterioration in quality. Any desired image 
plane within the acquired volume can be restored, and 
the entire dataset manipulated to render the mulitpla-
nar, surface, or transparent views. The 3D ultrasound 
examination has four main steps: data acquisition, 3D 
visualization, volume/image processing, and storage of 
the volume or image data. 29  

 The acquisition of the gynecologic 3D data set de-
viates from the procedure for the routine two-dimen-
sional (2D) examination. The transducers used for 2D 
image acquisition double as a 3D acquisition tool using 
a freehand method. Since this is nonquantitative, a me-
chanical transducer is often preferred. For a complete 
discussion of these methods of obtaining the 3D data 
set, refer to Chapter 32. 

 There are many advantages to using 3D ultrasound 
in evaluating female pelvic anatomy. The sonographer 
can navigate through the stored volume in all three 
planes with tomographic precision. Visualization 

Rhythmic changes in uterine blood fl ow during the 
estrous cycle in different species are associated with 
the daily ratio of estrogen to progesterone in systemic 
blood. The higher the estrogen-progesterone ratio, 
the greater the quantity of blood fl ow through the 
uterine vascular bed. 25  Progesterone antagonizes the 
uterine vasodilatory effect of estrogen and the mag-
nitude of this inhibition relates to the ratio of the two 
steroids. 

 Color Doppler signals from the main uterine ar-
teries image lateral to the cervix at the level of the 
cervicocorporal junction of the uterus (Fig. 5-74). 24  
Waveform  analysis demonstrates high to moderate 
velocity of the fl ow. The RI depends on age, phase 
of the menstrual cycle and special conditions (preg-
nancy, uterine  fi broid etc.).  During the proliferative 
phase of the menstrual cycle, there is a small amount 
of end-diastolic fl ow in the uterine arteries. 24,25  The 
RI is about 0.88  �  0.04 until day 13 of the 28-day 
menstrual cycle. Reports reveal a further increase in 
uterine artery impedance 3 days after the luteinizing 
hormone (LH) peak. Increased uterine contractility 
and compression of the vessels traversing the uterine 
wall, which decrease their diameter and cause conse-
quently higher resistance to blood fl ow, may explain 
these fi ndings. During the normal menstrual cycle 
there is a sharp increase in end-diastolic velocities 
between the proliferative and secretory phases of the 
menstrual cycle. The lowest blood fl ow impedance 
occurs during the time of peak luteal function, dur-
ing which implantation is most likely to occur. 24,25  In 
anovulatory cycles these changes are not present, and 
the RI shows a continuous increase. The persistently 
lower RI in the luteal phase suggests that the relax-
ation effects on the uterine arteries persist until the 
onset of menstruation. Sonographers should also be 

Figure 5-73 Endovaginal power Doppler scan demonstrating thick-
ened, early secretory transformed endometrium. Spiral arteries are 
demonstrated at the periphery of the endometrium. (Image courtesy 
of Philips Medical Systems, Bothell, WA.)

Figure 5-74 Blood fl ow velocity waveforms extracted from the uter-
ine arteries during the secretory phase demonstrate increased end-
diastolic velocity and RI of 0.77.



Figure 5-76 Three perpendicular planes of septate uterus. Note clear separation of the uterine cavity and absence of fundal indentation.

Figure 5-75 3D multiplanar reconstruction of a normal uterus.
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Figure 5-77 3D ultrasound (surface rendering) of the preovulatory 
follicle. Cumulus oophorus is suggestive of imminent ovulation.

Figure 5-78 3D ultrasound of the hyperstimulated ovary after ovulation induction. The ovary is enlarged and fi lled with numerous follicles that 
are coded in different colors.

of a coronal plane enables instantaneous visualiza-
tion of the uterine cavity, myometrium, and  fundus, 
which facilitates diagnosis of uterine anomalies 
(Fig. 5-76). 30,31,32  Accurate volumetry has made precise 
estimations of follicular, ovarian, and endometrial vol-
umes feasible (Figs. 5-77 and 5-78). 33,34  Ovarian vol-
ume assessment contributes to accurate diagnosis of 
polycystic ovarian syndrome and prediction of the re-
sponse to ovulation induction (Fig. 5-79). By providing 
multiple tomographic sections of the uterine cavity, 
uterine polyps, submucosal fi broids, and intrauterine 
synechiae become easily visible (Fig. 5-80). 35  Quan-
tifi cation of the endometrial volume in combination 
with blood fl ow studies contributes to the assessment 
of the endometrial receptivity and may have the po-
tential to predict pregnancy rate in assisted reproduc-
tive techniques (Fig. 5-81). 36  Combined evaluations of 
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Figure 5-79 General pattern of polycystic ovary as seen by 3D ultrasound.

Figure 5-80 Frontal reformatted 
section of the uterus, demonstrat-
ing two focal areas of increased 
echogenicity. Histeroscopy con-
fi rmed two endometrial polyps.
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Figure 5-81 3D power Doppler scan of the periovulatory endometrium.

morphology and neovascularity by 3D power Doppler 
may improve detection of ovarian and uterine malig-
nancy. 37,38  

 Digital volume storage allows retrospective analysis 
of the volumes and independent review by a second ex-
aminer or expert. De-identifi ed datasets allow effi cient 
use of images and data for training purposes. 

 SUMMARY 
 • TAS imaging provides a global view of the pelvic 

 structures 

 • EVS provides close-up detailed imaging of the pelvic 
 organs 

 • The pelvic skeleton of the pelvis include the sacrum, 
coccyx, and two innominate bones 

 • The true pelvis contains the organs of reproduction 

 • Fat or smooth muscles are more echogenic than the 
skeletal muscles 

 • The bladder has three portions; the apex, base, and 
neck 

 • Ureters insert into the bladder at the trigone 

 • Segments of the uterus include the fundus, corpus, 
and cervix 

 • The three tissue layers of the uterus are the serosa, 
myometrium, and endometrium 

 • Uterine and ovary size vary with age, menstrual cy-
cle, and hormone status 

 • Uterus location is posterior to the bladder and vesico-
uterine pouch and anterior to the pouch of Douglas 
and rectum 

 • Uterine vessels, broad ligaments, fallopian tubes, and 
ovaries are lateral to the uterus 

 • Bowel produces ”dirty shadows” within the pelvis 
and may or may not demonstrate peristalsis 

 • Arterial supply for the pelvic organs originate from 
the aorta 

 • Venous supply of the pelvis mimics the arterial ex-
cept for the ovarian/gonadal veins, with the right ter-
minating into the inferior vena cava and the left into 
the left renal vein 
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 1. This image is from a normal pelvic exam. Critique 
the image for improvements.

Critical Thinking Questions

ANSWER:
•  Time gain compensation (TGC) high in near fi eld 

and low in the far fi eld
• Overall gain to high
• Depth to shallow for imaging the ovary
•  Decrease the sector width to increase the line den-

sity and thus the detail

 2. A 43-year-old patient presents to your department 
with a history of ovarian cysts seen on a CT scan 
done last month. Her clinician ordered the exam for 
pelvic pain, which has since resolved. Identify the 
following:
a. Type of exam
b. Endometrial phase
c. Structures indicated by the arrows and how to 

confi rm your identifi cation

A

B

 3. A 23-year-old patient presents to the department 
with complaints of menstrual irregularity. Unfortu-
nately, she voided before her exam. After viewing 
the images:
a. Describe the position of the uterus using both 

 images.
b. Identify the structures indicated by the star on the 

transverse image of the uterus.

ANSWER: The antefl exed uterus has a dextrofl exed 
deviation from midline. Since the bladder is empty 
and the uterus is in the antefl exed postion, a trans-
verse image results in an image slice through both 
the fundus and lower uterine segment.

ANSWER: This is a midline, sagittal, endovaginal 
image of the uterus in the proliferative phase. The 
structures indicated by the yellow arrows are loops 
of bowel. They can be identifi ed by the characteristic 
shadowing and peristalsis.
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 4. This sagittal image was taken of a patient on day 
21 of her cycle. A few days ago she had left lower 
quadrant pain. Discuss the signifi cance of the area 
indicated by the solid arrow and open arrow.

ANSWER: The solid arrow indicates free fl uid. The 
day of her cycle and the pain in the left lower quad-
rant indicate that the fl uid is probably due to ovula-
tion. The open arrow indicates reverberation artifact 
in the anterior portion of the bladder.
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KEY TERMS

S/D ratio | resistive index | PI | color Doppler | energy or power Doppler impedance 
indices | pulsed wave Doppler | uterine Doppler study | ovarian Doppler study | pelvic 
congestion syndrome | arteriovenous malformation of the female pelvis

Pourcelot resistive index Doppler measurement that 
takes the highest systolic peak minus the highest diastol-
ic peak divided by the highest systolic peak

Proliferative phase early Days 5 to 9 of the menstrual 
cycle

Proliferative phase late Days 10 to 14 of the menstrual 
cycle

Pulsatility index Doppler measurement that uses peak 
systole minus peak diastole divided by the mean

S/D ratio Difference between peak systole and end diastole

Secretory phase Days 15 to 28 of the menstrual cycle

Uterine artery Main vessel carrying oxygenated blood 
toward the uterus

GLOSSARY

Adnexa Anatomical parts added, attached, or adjunct 
to another or others

Angiogenesis Physiologic process involving the growth 
of new blood cells from preexisting vessels

Arcuate vessels Small vascular structures found along 
the periphery of the uterus

Arteriovenous malformation abnormal connection 
between veins and arteries

Impedance indices Measurements used to compare 
the resistance of a medium to the propagation of fl ow

Ovarian vessels Blood vessels that supply oxygenated 
blood to and drain deoxygenated blood away from the 
ovaries

OBJECTIVES

Summarize changes seen during the female cycle in the fl ow patterns of the ovaries, 
uterus, and adnexal vessels

List indications for the Doppler examination of the pelvis

Calculate qualitative measurements to include systolic/diastolic (S/D) ratios, resistance 
index (RI), and pulsatility index (PI) indices

Describe the importance of low and high resistance fl ow in pelvic vessels

Identify the correct sampling method for obtaining spectral Doppler tracings

Discuss the fl ow pattern and formation of a uterine arteriovenous malformation (AVM) 
and pelvic congestion

Explain ovarian fl ow patterns in the presence of torsion and neoplastic processes

 6  Doppler Evaluation of the Pelvis
Michelle Wilson

Ultrasound has been established and continues to prove 
itself as an indispensable tool in the evaluation of the fe-
male pelvis. Anatomical information is always invaluable 
in the presence of suspected pathology, and with recent 
technologic advancements, assessment of physiologic in-
formation in both adult and pediatric populations is now 
routine with sonography. Ultrasound’s ease of use, nonin-
vasiveness, and high resolution allow for sonography to be 
the center of diagnostic imaging for gynecologic concerns.

Doppler techniques allow for a thorough investiga-
tion of changes in pelvic structures such as the uter-
us, ovaries, and adnexa during different phases of the 
menstrual cycle in the presence of a broad spectrum of 
pathologies. Sonography is the fundamental diagnostic 
imaging tool in the determination of the origin, size, 
location, contour, vascularity, internal consistency, and 
defi nition of a pelvic mass, or the presence or absence 
of ascites in the female pelvis.
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in a written or electronic request for the study. 
This allows for proper exam performance, inter-
pretation, and reimbursement.

2. Use the lowest possible sonographic expo-
sure settings to gain the necessary diagnostic 
 information.

3. Identify all relevant structures through transab-
dominal (TA) or endovaginal imaging. In many 
cases, both will be needed.

4. High-quality patient care requires adequate 
documentation. There should be a permanent 
 record of the ultrasound examination and its 
interpretation. Record images of all appropri-
ate areas and include both normal and abnor-
mal structures. Include an offi cial interpretation 
of the ultrasound examination in the patient’s 
medical record.

5. Conduct the sonographic examination of the fe-
male pelvis with a real-time scanner. Adjust the 
transducer to operate at the highest clinically ap-
propriate frequency.

6. Clean all transducers after use according to 
manufacturer recommendations. Cover vaginal 
transducers with a protective sheath prior to in-
sertion. Following the examination, dispose of 
the sheath and clean the transducer in an anti-
microbial solution.

The ACR also lists standards for personnel, protocols, 
quality control, quality improvement, safety, infections 
control, and patient education concerns as discussed in 
Chapter 1.

ABDOMINAL AND ENDOVAGINAL 
IMAGING

The complete ultrasound examination of the female 
pelvis should utilize both the TA and transvaginal/en-
dovaginal sonography (TV/EVS) approaches, as these 
methods can complement each other. The TA technique 
typically provides an opportunity to survey the pelvic 
anatomy and pathology with a good global overview. 
The endovaginal approach often provides a more de-
tailed examination of the pelvic organs, but due to its 
higher frequency and diminished maneuverability of 
the transducer, is often more limited in its fi eld of view 
(Table 6-1).

The literature suggests that TA and EVS each have 
their own limitations and advantages, implying that 
an optimal gynecologic study of the uterus and  adnexa 
should include both scanning techniques in order to 
arrive at the proper clinical diagnoses.5–8 Every lab 
should have its own written protocols to guide the 
sonographer/sonologist through the proper methodol-
ogy in evaluating the female pelvis in its entirety with 
 sonography.

Doppler ultrasound is a vital component in the evalu-
ation of pelvic pathology and physiology. As has been 
well established in the literature, many pathologies elicit 
an increase in blood fl ow to the affected pelvic organs. 
Whether this is attributed to angiogenesis of malignant 
or benign tumors, hyperemia from infl ammatory condi-
tions, or even normal and abnormal physiological blood 
fl ow patterns, Doppler studies provide a great deal of 
information to the investigator. This chapter presents 
the application of the various modalities of Doppler ul-
trasound for the investigation of the female pelvis.

PATIENT HISTORY AND PREPARATION

Prior to any sonographic examination, a thorough pa-
tient history should be taken to include any pertinent 
information that might help correlate the sonographic 
fi ndings with the proper differential diagnosis. This 
may provide information that will assist in the diagno-
sis, differential diagnosis, or follow-up of a previously 
noted pathology.

This patient history includes the patient age, date of 
the fi rst day of the last menstrual period (LMP), normal-
ity or irregularity of the LMP, gravidity, parity, hormone 
regimen if applicable, and personal history or  familial 
history of cancers. Also document the following: clinical 
symptoms such as pain or bleeding (and their lengths), 
any history of pelvic procedures or infections, labora-
tory data, and any other pertinent medical or surgical 
history, which should include any  biopsies or invasive 
procedures. After obtaining a thorough patient history, 
explain the procedure and direct the  patient to the ex-
amination table.

PERFORMANCE STANDARDS

Multiple major professional organizations have devel-
oped recognized statements, recommendations, and 
standardizations for the use of diagnostic medical so-
nography in the pelvic examination. These include the 
Society of  Diagnostic Medical Sonography, the Ameri-
can Institute of Ultrasound in Medicine, the Ameri-
can College of Radiology (ACR), and the International 
Society of Ultrasound in Obstetrics and Gynecology 
(ISOUG).1–4 All of these professional foundations have 
websites full of valuable information, which encourage 
their use. This chapter will rely on the  standards set 
forth by the ACR, but—as stated on the ACR website— 
recommendations for clinician requirements, written 
requests for the examinations, documentation, and 
quality control vary among these organizations.1

The ACR practice guidelines for the ultrasound ex-
amination of the female pelvis are briefl y summarized 
by the following:

1. Ultrasound of the female pelvis should be per-
formed only when there is a valid medical reason, 
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TABLE 6-1

Benefi ts and Drawbacks of Transabdominal and Endovaginal Techniques

Transabdominal Advantages

View of entire pelvis
Evaluate large masses
Evaluate small or large masses farther medial or 
 lateral from midline
Can be used on patients with intact hymen
 Noninvasive to not cause psychological or 
 emotional harm

Transabdominal Disadvantages

Full bladder must be prepped prior to exam
Full bladder may cause physical pain
Some patients are unable to fi ll bladder 
 adequately
 Retroverted uterus can be diffi cult to completely 
 visualize
Less detail due to depth and penetration

Endovaginal Advantages

Closer to pelvic organs
Higher frequency transducer/better resolution
Empty bladder/no patient prep
 Obese patients with a large panus can be scanned
 Abdominal wall scars or openings can be avoided

Endovaginal Disadvantages 

Limited fi eld of view
Large masses can extend past the fi eld of view
Patients with an intact hymen may not be scanned
 Physical and emotional limitations not allowing the 
 patient to relax
 Small lesions outside of fi eld of view can be 
 missed
 Some postmenopausal patients with acute pain 
 cannot tolerate transducer
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ABDOMINAL IMAGING

The TA examination is performed from the anterior ab-
dominal wall. The transducer used is based on the fun-
damental sonographic imaging principle that balances 
adequate depth penetration while preserving the highest 
resolution possible. TA transducers used are curvilinear, 
sector, or linear as required by patient body habitus and 
certain pathologic presentations. The frequency of the 
transducer is also adjusted based on patient body habi-
tus, with a higher frequency (5.0 MHz) used for thinner 
patients and a lower frequency (2.5 MHz) considered for 
larger patients.

TA pelvic studies are enhanced by a distended uri-
nary bladder, as it generally displaces small bowel and 
its contained gas from the fi eld of view. For this rea-
son, patients should be instructed to fi nish drinking 
32 oz of fl uid at least 1 hour prior to their exam. An 
optimally fi lled bladder images anterior to the uterus 
in a midline plane and is noted by its elongated ap-
pearance and anechoic lumen, extending from the 
area of the vaginal canal to the top of the fundus in 
the normal-sized uterus (Fig. 6-1; Fig. 1-2). Bladder 
distention was once thought to potentially have an ef-
fect on Doppler spectra, producing a notable increase 
in the impedance indices compared to the Doppler 
study performed with an empty bladder, but this the-
ory has been disproved.9 When the urinary bladder 
is full, the body of the uterus is typically well visual-
ized because of its position; however, the course of 
the uterine arteries is often less optimal for a Doppler 
study because of the angle of incidence at which the 
ultrasound beam intersects the vessels. Also, be aware 
that an overfi lled bladder may displace or push pel-
vic organs too superiorly or laterally, thereby creating 
a situation in which they are out of the transducer’s 
plane of view. If this occurs, the study may be en-
hanced if the patient partially voids.

The TA study includes investigation of the uterus, 
adnexa, and urinary bladder. Identifi cation of the full 
bladder helps the sonographer to avoid mistaking a 
cystic mass for the normal pelvic organ. When a patho-
logical cystic mass is identifi ed in the pelvis, it is often 
helpful to have the patient void and obtain images to 
document the reduction in size of the urinary bladder. 
The cystic mass size remains constant if it lacks con-
nection to the urinary bladder.

ENDOVAGINAL IMAGING

TV/EVS is an intracavitary sonographic imaging tech-
nique that requires the insertion of an ultrasound 
transducer into the vaginal canal. EVS provides better 
anatomic detail when compared to TA imaging, as the 
transducer can be placed closer to the area of interest 
and it employs a higher frequency. The course of the 
uterine artery in a superior to inferior fashion allows 
for an ideal Doppler angle when obtaining its waveform 
and indices with this sonographic technique.

The procedure in its entirety must be explained and 
the intent in performing the study must be conveyed 
to the patient. Once this is complete, the sonographer 
must then obtain acceptance of the patient in order to 
continue on and perform the endovaginal exam. Before 
beginning any invasive examination such as an EVS, it 
is imperative that the sonographer/sonologist question 
the patient about any known latex allergies and, if pres-
ent, make efforts to avoid latex products.

Before beginning the exam, it is imperative that the 
patient empties her urinary bladder, making for a more 
relaxed atmosphere and allowing the uterus to posi-
tion itself more anteverted. Gel should be applied to 
the end of the transducer and it must be covered with 
a protective sheath. Make sure there are no air bubbles 
at the tip of the cover, as these produce an imaging 
artifact. Apply additional gel to the outside of the con-
dom or sheath before the patient, sonographer, or clini-
cian inserts the transducer into the anterior fornix of 
the vaginal canal. This is accomplished by advancing 
the transducer 3 to 4 inches or 7 to 8 centimeters into 
the vaginal canal. The sonographic evaluation of the 
pelvic organs is then completed by directing the sound 
beam throughout the pelvis, by rotating and angling the 
transducer from anterior to posterior and right to left.

A common gynecologic examination table that allows 
for a supine position with heel support or stirrups works 
well for the endovaginal study. If this type of examina-
tion table is not available, the patient can be positioned 
at the end of the table with her hips elevated by a pillow 
or foam cushion, allowing for proper movement of the 
transducer without being impeded by the table. Image 
the patient in the lithotomy position with a slight reverse 
Trendelenburg tilt to localize free fl uid in the pouch of 
Douglas. If present, this fl uid creates tissue- fl uid in-
terfaces, improving the outline of pelvic structures. In 

Figure 6-1 Sagittal TA midline image of the pelvic cavity demon-
strating the more anterior urinary bladder (B), the uterus (U), the 
 cervix (C), and the vagina (V).
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some instances, a Trendelenburg position helps to dis-
place bowel from the pelvic structures. When evaluating 
the adnexa, the transducer can be moved into the lateral 
fornix for improved visualization.

Use a transducer that employs a frequency of 7.5 MHz 
or higher to allow for better resolution of the uterine 
and adnexal morphology. Upon completion of the ex-
amination, dispose of the condom or sheath covering 
the  endovaginal transducer. Soak the transducer in an 
antimicrobial solution, following the manufacturer’s di-
rections and soak times.

WAVEFORM ANALYSES

Doppler ultrasound has been used for many years as a 
noninvasive technique to assess blood fl ow impedance. 
When employing pulsed wave Doppler, the sonogra-
pher is able to measure the distribution of velocities 
in the sample volume as well as the changing dynam-
ics noted throughout the cardiac cycle. The Doppler ef-
fect and its fundamental principles have been covered 
in many physics texts; however, a brief explanation of 
Doppler signal analysis is included in this chapter.

We begin by defi ning the differences between qualita-
tive and quantitative measurements of Doppler  studies.
Qualitative Doppler indices offer ‘semi-quantitation’ 
of the characteristics of waveforms by demonstrat-
ing the direction, breadth, and extent of the individual 
fl ow  patterns. This type of analyses is better at defi n-
ing characteristics of the waveforms, which indirectly 
give an approximation of fl ow and resistance to fl ow of 
the area being interrogated. Qualitative indices use ra-
tios in their formulas or calculations, therefore are not 
angle dependent, with the three most popular including 
systolic/ diastolic ratios (S/D ratios), resistance index (RI) 
also called resistive index or Pourcelot’s index, and pul-
satility index (PI). These measurements are all calculated 
from the maximum Doppler shift waveform. Quantitative 
Doppler applications however have proven most useful in 
noninvasive measurements of estimating absolute blood 
 velocities, assessment of vascular impedances, and quan-
tifying fl ow disturbances. All of the quantitative indices 
rely heavily on the correct angle of measurement and the 
diameter of the vessel being interrogated in order to ac-
curately conclude the correct measurement.10

The resistance index was fi rst described by Pource-
lot in 1974 as a mathematical derivative of the sim-
ple S/D formula or ratio.12 The resistance index is the 
difference between systolic and diastolic pressure di-
vided by the systolic pressure See Table 6-2. In 1976, 
Gosling and King proposed their theory that velocity 
waveforms are sensitive to changes in the impedance of 
the vascular bed.13 They speculated that the difference 
between peak systolic pressure and end-diastolic pres-
sure divided by the mean maximum frequency over the 
entire cardiac cycle would evaluate the sensitivity of 
impedances and arterial resistance. The pulsatility in-
dex analyzes diastolic fl ow differently than the resistive 
index, by running a cursor along the superior aspect 
of the mean systolic and diastolic fl ow, with the mean 
being calculated by the ultrasound system. Stuart and 
colleagues fi rst described the S/D ratio in 1980.14 This is 
simply the ratio of the peak systolic velocity to the end 
diastolic velocity. These indices are not dependent on 
the angle of insonation simply because they use ratios 
in their calculations, and do not require a measurement 
of the diameter of the lumen of the vessel, making them 
easier to obtain than quantitative values. These three 
indices:

(1) Resistive index (RI)
(2) Pulsatility index
(3) S/D ratio

are widely used in gynecological sonographic studies, 
and when possible angles of less than 60 degrees be-
tween the area being sampled and the ultrasound beam 
should be implemented, but are not absolute.

Arterial Doppler fl ow analysis can be categorized 
into two different types: high-resistance and low resis-
tance. The higher resistance fl ow pattern demonstrates 
a high systolic peak and a low diastolic fl ow. The 
lower resistance spectral waveform is demonstrated 
by a sometimes biphasic systolic peak and a relatively 
high level of diastolic fl ow, thus demonstrating that a 
low resistance bed will allow for more blood fl ow to 
lapse (Fig. 6-2). Or simply, with a constant perfusion 
pressure the fl ow increases as the impedance to fl ow 
 decreases.11

Employing these waveform analysis calculations 
while using optimal signal recording methods, a sonog-
rapher should be able to determine the expected and/or 

Figure 6-2 This two-image set displays an endo-
vaginal sagittal axis view of the right ovary, with a 
pulsed wave Doppler waveform of the ovarian artery 
(on the left) demonstrating a low impedance or re-
sistance waveform. Note the higher diastolic fl ow 
and slower uptake during systole. The arterial signal 
of a high impedance (on the right) displays a lower 
diastolic fl ow pattern and a high uptake with systole. 
OV, ovary; S, systole; D, diastole.
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the pathologic waveforms in a given area. A high-resis-
tance pattern noted in an area where a low-resistance 
appearance is typically found raises suspicion of occlu-
sion or compromise. If an area normally expected to be 
high resistance, like the ovaries during the proliferative 
phase, is found to have a lower resistance, this could 
raise the question of neovascularization (Fig. 6-3).

DOPPLER TECHNIQUES

As discussed previously, pulsed Doppler is used to de-
tect the presence of blood fl ow in a select area or vessel 
at a known depth, with a given sample gate or sample 
volume. The use of a sample gate allows for avoidance 
of proximal vessel movement, allowing for a more con-
cise evaluation of a given vascular structure. When in-
terrogating a vessel with pulsed wave Doppler, note the 
direction of blood fl ow as either above or below the 
baseline. Flow traveling toward the transducer is dis-
played above the Doppler baseline (unless the scale has 
been inverted, thus displaying the fl ow pattern on the 
opposite side of the baseline), and fl ow moving away 
from the transducer is traditionally plotted below the 
Doppler baseline scale (Fig. 6-4).

Figure 6-3 This triplex image of ovarian fl ow utilizes an automatic 
measuring method which calculates all indices from the waveform. 
(Image courtesy of Philips Medical Systems, Bothell, WA.)

TABLE 6-2

Procedure for Measuring the Waveform

If the peak systolic fl ow and the angle at which the 
beam intersects the vessel are known, then one can de-
duce the velocity at which the blood is traveling within 
the sample gate.10,11 When attempting to analyze a vas-
cular fl ow for purposes of determining its velocity by a 
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Doppler shift, a correct angle must be obtained, or the 
calculation formula used will not allow for the correct 
velocity. To ensure optimal accuracy when calculating 
velocities, use angles of less than 60 degrees. The stan-
dard measurement used when displaying the spectral 
waveform is velocity, which is written as meters per sec-
ond or centimeters per second (m/sec or cm/sec).

FLOW PATTERN

Vascular fl ow has distinct patterns when analyzed with 
spectral Doppler methods. Typically, venous vessels 
have a continuous recurring fl ow in diastole and systole 
with a  reduced fl ow signal when compared to arterial 
signals. Typical arterial fl ow will have a spectral wave-
form with an alternating quick uptake systolic peak and 
a lower diastolic fl ow level (Fig. 6-5).

Color Doppler is an overlay that assigns different 
hues to red blood cells traveling through a vessel in 
a given sample area, based on the degree of the fre-
quency shift, and the direction they are moving, in 
relation to the transducer. These result in a display of 
the relative velocity of fl ow.15 As with pulsed wave, 
the fundamental principles of the Doppler equation 
apply, therefore the displayed results are dependent 

on optimization of angles between the fl ow being 
interrogated in the region of interest (ROI) and the 
transducer. This can be achieved by either moving the 
transducer to the correct location or by manipulating 
the ROI or color box to coincide with the correct angle 
desired.

Generally, fl ow moving toward the transducer dis-
plays as red and fl ow moving away from the transducer 
displays as blue (Fig. 6-6). To help remember this fl ow 
pattern, think BART: blue away, red toward. The color 
bar, located on the side of the image, should be used 
to determine fl ow direction. Different color hues are 
used to depict the different speeds at which the red 
blood cells are moving. Traditionally, the faster veloci-
ties are brighter and slower velocities are darker; how-
ever, color Doppler velocity maps are not standardized, 
and proprietary colors are  programmed into different 
ultrasound machines. When turbulent fl ow is detected, 
one would expect to see a mixture of darker and lighter 
colors being displayed in the sample area. Today’s ma-
chines frequently allow users to employ a plethora of 
color Doppler velocity maps, displaying a variation of 
colors and hues in vascular structures.

In a normal vessel, it can be assumed that the ve-
locity of blood is highest at the center and is lowest 

Figure 6-4 Doppler spectral analysis demonstrat-
ing arterial fl ows above and below the baseline. 
A:  Arterial Doppler waveform displaying blood 
fl ow moving in a direction towards the transducer 
 (arrows), and displayed above the baseline. B:  Arterial 
Doppler spectral waveform with fl ow moving away 
from the transducer  (arrows), being displayed below 
the baseline.

Figure 6-5 Venous and arterial waveforms. A: Venous waveform with continuous fl ow during both systole (red arrows) and diastole, with the 
relative reduction in diastolic fl ow (blue arrows). B: Arterial fl ow is typically distinguishable and distinct, with an alternating quick uptake  systolic 
peak (red arrows) and a reduction in fl ow during diastole (blue arrows).

BA
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vascular supply from the anterior branch of the inter-
nal iliac artery. Imaging with either the TA or EV tech-
niques should allow for visualization of the internal 
iliac vessels, on the lateral aspect of the pelvis, and 
often can be used as a landmark for the more anterior 
ovaries (Fig. 6-9). When using color Doppler to identi-
fy the iliac vessels, ensure complete color fi lling of the 
lumen, and note the artery to be typically anterior to 
the vein. From its proximal origination on the anterior 
internal iliac artery, the uterine artery passes medi-
ally on the surface of the levator ani muscle, cross-
ing above the ureter and descending to the uterus at 
the level of the cervix. The uterine artery tends to be 
tortuous and travels in a spiral fashion on the lateral 
aspect of the uterus from the level of the cervix in an 
inferior to superior course within the broad ligament, 
giving rise to uterine branches throughout its course, 
until it reaches the cornua of the uterus. Color Dop-
pler helps to demonstrate and interrogate the uterine 
arteries coursing along the lateral aspects of the body 
of the uterus; however, the most readily identifi able 
location for sampling the uterine artery with sonogra-
phy is at the level of the cervix. Once the uterine ar-
tery arrives at the cornua of the uterus, it anastomoses 
with the ovarian artery (Fig. 6-10).

The main uterine arteries circle the anterior and 
posterior surfaces of the uterus, forming branch-
es with the arcuate arteries in the myometrium of 
the uterus.16 These arcuate arteries are often sono-
graphically identifi able as anechoic tubular struc-
tures coursing within the outer portion of the uterus 
(Fig. 6-11A–D). In the postmenopausal patient, the 
arcuate arteries may be noted to be calcifi ed, as this 
occurs normally with age. These calcifi cations image 
with sonography as peripheral linear echogenic areas 
with shadowing (Fig. 6-12).

closer to the wall.10,11 This principle is termed laminar 
fl ow. In the presence of an irregularity in the vessel or 
if the vascular structure is tortuous, the fl ow can be 
distorted, causing the greater velocity fl ow to travel 
closest to the vessel wall; this is commonly noted in 
malignant ovarian tumors or prominently vascular 
pathologies.

Color Doppler and power Doppler allow for the vi-
sualization of perfusion within the tissues of the uter-
us and ovaries. With expected color fl ow waveforms 
changing with the fl uctuating phases of the menstrual 
cycle and patient’s age, these applications can be used 
to identify vascular structures for quantitative analysis 
with pulsed wave Doppler.

Power or energy Doppler displays movement 
but without the attempt to obtain a frequency shift 
(Fig. 6-7). Without these stipulations, fl ow in all di-
rections visualized in the ROI can be noted without 
the restriction of certain Doppler angles. The appli-
cation of power Doppler is often implemented when 
more sensitivity is needed for subtle fl ow than is oth-
erwise obtained with color Doppler. Power Doppler 
has also been widely used for the subjective assess-
ment of vascular patterns. When evaluating adnexal 
lesions with low velocity internal fl ow, sometimes it 
is helpful to utilize power Doppler to determine the 
 presence and location of fl ow, then assess more thor-
oughly with pulsed wave Doppler. Color Doppler can 
also be helpful in establishing the solid nature of a 
hypoechoic solid mass.

NORMAL UTERINE DOPPLER

The arterial supply to the uterus is derived from a 
complex network of arteries originating from the uter-
ine arteries (Fig. 6-8). The uterine artery receives its 

Figure 6-6 TA study of the pelvis displaying the iliac vessels. The lu-
men of the vessel (red arrow) is fi lled with a blue color hue, indicating 
fl ow moving away from the transducer as referenced from the veloc-
ity map located in the upper right of the image. B, bladder.

Figure 6-7 Endovaginal sonogram in the coronal plane demonstrat-
ing the vascular bed of the ovary, Color Power Angio (CPA). (Image 
courtesy of Philips Medical Systems, Bothell, WA.)
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Figure 6-8 Blood supply and venous drainage of the uterus, vagina, and ovaries. The broad ligament of the uterus is removed to show the 
ovarian artery from the aorta and the uterine artery from the internal iliac artery supplying the ovary, fallopian tube, and uterus. Observe also 
the anastomosing tubal and ovarian branches within the broad ligament (removed). Examine the pampiniform plexus and ovarian vein and the 
uterine plexus and vein. (From Moore KL, Dalley AF II. Clinical Oriented Anatomy. 4th ed. Baltimore, MD: Lippincott Williams & Wilkins; 1999.)

Figure 6-9 Endovaginal image of the right ovary (ovary) in a sagittal 
plane, and the external iliac artery and vein (iliac vessels).

Figure 6-10 TA midline image of the pelvic cavity. The cornua of the 
uterus is shown with the ovarian arteries anastomosing (red arrow) 
with the uterine arteries. UT, uterus; OV, ovary; Bl, urinary bladder.

The radial arteries branch off the arcuate arteries 
and are directed into the uterine lumen from the myo-
metrium, where the spiral arteries are formed. It is the 
spiral and radial arteries that supply blood to the func-
tional layer of the endometrium. Color fl ow and pulsed 
wave Doppler waveform is typically found only in the 

periovulatory period in the endometrium or its suben-
dometrial layer (Fig. 6-13). During menses, blood from 
the spiral arteries is shed as part of the functional layer 
or zona functionalis of the endometrium.

An increase in uterine volume paralleling the men-
strual cycle is heavily dependent on the variance in 



 146 PART 1 — GYNECOLOGIC SONOGRAPHY

Figure 6-11 Arcuate arteries. A: Diagram of the arcuate arter-
ies being supplied by the uterine artery in the transverse plane. 
The arcuate arteries then continue on to supply the spiral arteries. 
B: Endovaginal coronal view of the mid uterus. Energy Doppler 
or CPA portrays the course of arcuate arteries within the uterus. 
C: Diagram of the arcuate arteries on the longitudinal plane. 
D: Endovaginal sagittal view of the midline uterus. (Images cour-
tesy of Philips Medical Systems, Bothell, WA.)

A
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A B
Figure 6-12 A: Sagittal endovaginal image of a uterus with calcifi ed arcuate vessels. B: Transverse image of the same uterus. (Images courtesy 
of Derry Imaging Center, Derry, NH. Robin Davies, Ann Smith, and Denise Raney.)
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Figure 6-13 Endovaginal sonogram in the sagittal plane with dem-
onstration of spiral arterial fl ow (arrows) within the endometrium. EN, 
endometrium.

vascular supply.17–21 As with ovarian artery fl ow, uter-
ine artery velocities vary with the menstrual cycle and 
dramatically increase with an early pregnancy, while 
the impedance decreases. The  assessment of uterine 
artery fl ow by  Doppler examination is typically easy 
to obtain and readily reproducible. Blood fl ow in the 
uterine arteries has been shown to be of moderate to 
high velocity with a high-resistance fl ow in the non-
gravid patient. The RI is higher in the proliferative 
phase of the menstrual cycle (0.88 � 0.05), then de-
creases slightly (0.84 � 0.06) before ovulation and into 
the  luteal phase.22–24 Cyclical variation in uterine artery 
fl ow is well defi ned and also appears to correlate with 
fertility.22–24 Given the variability in menstrual cycles, 
assessment of reproductive physiology should be based 
on cyclical changes rather than individual values. It 
is important to be aware of the fact that mean values 
for uterine artery fl ow in postmenopausal patients are 

similar to those recorded for the midluteal phase in 
premenopausal  patients.25

Periuterine veins should course in close proximity 
with the uterine arterial vessels. They may be promi-
nent but should not distend to measure over 5 mm in 
the nongravid uterus, and fl ow velocities should range 
between 5 and 10 cm/sec26–28 or suspicion of pelvic con-
gestion syndrome may be raised.

REPRODUCTIVE-AGE FEMALE

OVARIAN ARTERIAL FLOW VARIES WITH 
MENSTRUAL CYCLE

The ovarian artery originates from the lateral aspect of 
the aorta at around the level of the lower margin of 
the renal pelvis. The arteries follow the same inferior 
course as the ureters over the psoas muscles, crossing 
the common iliac artery just superior to its bifurcation 
into the external and internal iliac arteries. The ovar-
ian artery then enters the infundibulopelvic ligament, 
where it travels to the ovary on the superior aspect to 
supply the parenchyma. An attempt at a complete or 
thorough arterial vascular supply is provided to the 
ovaries by the addition of the ovarian artery forming an 
anastomoses with the ovarian branches formed from 
the uterine artery. With two separate arterial supplies 
to the ovaries, a solid effort is made to provide a well-
compensated arterial feed (Fig. 6-14). The ovarian ar-
teries typically follow a tortuous pattern; therefore, it is 
common to identify only short segments of the artery in 
any one scan plane.

During the course of the menstrual cycle, the Dop-
pler spectra of the ovarian artery and stromal ovarian 
fl ows vary.29–32 These variations can be attributed to 
the hemodynamic changes that are involved in the re-
modeling of ovarian tissue that occurs during the pre-
dictable follicular growth, ovulation, and new corpus 

Figure 6-14 A: Diagram of the ovarian and uterine arteries. B: Sagittal image of the ovary (OV). Arrows depict the proximal ovarian artery, and 
the more distal ovarian artery within the ovarian stroma.

A B
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Figure 6-15 This four-image set depicts ovarian arterial fl ow during different phases of the menstrual cycle. Doppler waveforms of the cyclic 
changes of the ovarian artery can be seen with these Doppler spectra. A: Intraovarian arterial fl ow during the follicular phase. B: Intraovarian 
arterial fl ow during the late luteal phase. C: Intraovarian arterial fl ow during the corpus luteal phase. D: Intraovarian fl ow during the corpus 
hemorrhagicum phase. OV, ovary.

B

C
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luteum development. Intraovarian arterial fl ow visu-
alizes within the stroma of the ovary using color and 
power Doppler, with fl ow being observed more fre-
quently in the luteal phase than in the early follicular 
or periovulatory phases.

During the follicular phase, before formation of a 
dominant follicle, normal ovarian artery fl ow has a 
low velocity, with a high resistance or impedance pat-
tern. Diastolic fl ow is low and can be absent, and the 
mean RI is approximately 0.92 � 0.08.32 Irrespective 
of the side of ovulation, this peak velocity tends to 
be fairly constant; the impedance, however, has been 
found to drop dramatically in the ovarian artery on 
the side with the dominant follicle, especially in the 
periovulatory period or luteal phase. The RI then rises 
during the late luteal phase (Fig. 6-15). At the time 
of ovulation, both the maximal velocity increases and 
the RI decreases, reaching a low point of 0.44 � 0.08. 

The low impedance of the dominant follicle probably 
results from neovascularization, as velocities increase 
hours before follicle rupture and continue to rise un-
til approximately 72 hours after the formation of the 
corpus hemorrhagicum.33,34 Similar values for ovar-
ian vascular indices noted in the follicular phase of a 
premenopausal female have been noted in postmeno-
pausal ovaries but the cyclical variation is lost. Just 
as with uterine arterial absolute values, cyclic varia-
tions and the uniqueness of individuals lend to the 
conclusion that solitary measurements of ovarian ar-
tery  impedance is of limited value in the assessment 
of ovarian function.

In early pregnancy, the corpus luteal cyst helps main-
tain the pregnancy through secretion of progesterone. 
Color Doppler studies of the cyst reveal increased vas-
cularity surrounding the cyst. This phenomenon, often 
called the “ring of fi re,” supplies blood fl ow to the cyst 
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wall. Spectral Doppler sampling of these vessels shows 
prominent diastolic, low-resistance fl ow.5,17

ARTERIOVENOUS MALFORMATION

A vascular plexus of arteries and veins without an in-
tervening capillary network is known as an arteriove-
nous malformation (AVM). They are rare, occurring 
anywhere in the body. In the uterus, they typically 
involve the myometrium, which houses more vessels 
with lower impedances, but at times may involve 
the endometrium. As seen with AVMs in other areas 
of the body, they are acquired through such acute 
events as trauma or surgery. In the uterus, they have 
also been reported secondary to gestational tropho-
blastic disease, with these patients presenting with 
menorrhagia, which includes hemoglobin-dropping 
blood loss. In the pelvis, congenital AVMs may also 
be present, but these occur less frequently than the 
acquired type.35–37

Sonographically, uterine AVMs present with a 
large variability, ranging in subtleness from minimal 

fi ndings to the more obvious, as is seen with non-
specifi c serpiginous, anechoic structures within the 
pelvis. These fi ndings may be confused with multi-
loculated ovarian cysts, fl uid-fi lled bowel loops, and 
hydrosalpinx, giving the use of Doppler studies top 
priority.

Color Doppler is diagnostic in displaying abun-
dant blood fl ow within the anechoic structures, so 
much so that there is often an elaborate color mosaic 
signal, which is more extensive than the gray-scale 
abnormality due to the turbulent and chaotic nature 
of the fl ow. Spectral Doppler often shows high ve-
locity, low-resistance arterial fl ow with high-velocity 
venous fl ow often being indistinguishable from the 
arterial signal. Color fl ow imaging and pulsed wave 
Doppler are both essential in confi rming the vascular 
nature of an AVM and for distinguishing it from other 
entities such as a hydrosalpinx, multilocular ovarian 
cysts, fl uid-fi lled bowel loops, or pelvic varicosities. 
Typically, treatment includes embolic therapy, with 
confi rmation of a uterine AVM made with angiogra-
phy38–41 (Fig. 6-16).

A B
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Figure 6-16 A: An atrioventricular (AV) fi stula found after an endome-
trial  biopsy appears as a mass within the endometrium on the 2D image. 
B: The color Doppler image demonstrates fl ow within the endome-
trial mass while the spectral Doppler C: shows the characteristic low-
resistance fl ow seen with an AV fi stula. (Images courtesy of Philips 
Medical Systems, Bothell, WA.)
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Figure 6-17 Diagram illustrating the course of the ovarian vein and 
artery coursing anterior to the external iliac vessels.

Figure 6-18 TA study of the ovarian vein. This spectral Doppler im-
age displays the ovarian vein with continuous fl ow throughout the 
cardiac cycle. The red arrows depict systole, and the blue arrows de-
pict diastole. OV, ovary.

DOPPLER OF THE OVARIAN VEIN

Venous drainage of the ovaries occurs via the ovarian 
plexus, which communicates with the uterine plexus 
in the broad ligament. The ovarian vein arises from the 
ovarian plexus and ascends superiorly along the psoas 
major muscle. The ovarian veins course differently on 
the left and right sides of the pelvis. The left ovarian 
vein travels superiorly and drains into the left renal 
vein at a right angle, whereas the right ovarian vein 
drains directly into the inferior vena cava at an acute 
angle (Fig. 6-17). They carry blood at lower pressures, 
so their walls are thinner than those of arteries.

The literature reports a mean ovarian vein diameter 
in nulliparous women as 2.6 mm as opposed to 3.4 mm 
in the parous group. The veins are known to enlarge 
greatly during pregnancy to accommodate the increased 
blood volume. The ovarian vein Doppler signal displays 
continual fl ow throughout the cardiac cycle (Fig. 6-18). 
Sonography can provide a quick and inexpensive initial 
examination of venous structures within the pelvis, with-
out risk to the patient. However, exams are frequently 
limited by overlying bowel gas.

PELVIC CONGESTION

The pathophysiology of pelvic congestion syndrome 
is not completely understood, but many investigators 
believe that incompetence of the ovarian veins leads 
to progressive varicosities in the broad ligament and 
pampiniform plexus, which are associated with pelvic 

pain. When valves in the veins do not properly close, 
they allow for retrograde fl ow and pooling of blood, 
causing pressure and dilatation in these areas. Patients 
with pelvic congestion typically complain of a chronic 
dull pelvic ache, aggravated by an increase in intra- 
abdominal pressure, such as during bending and lifting, 
or by walking and prolonged standing.

Patients may complain of premenstrual, menstrual, 
postcoital, and perineal pain. Pelvic congestion syn-
drome is often associated with vulvar, perineal, and 
lower extremity varices. This syndrome is diagnosed 
most frequently in multiparous women. Therefore, it is 
suggested that the dilatation of the ovarian veins during 
pregnancy compensates for the sometimes 60-fold in-
crease in blood fl ow and is a likely cause of subsequent 
venous incompetence.42,43

The gold standard to diagnosing pelvic congestion 
is venography, an invasive procedure requiring seda-
tion and irradiation. The literature supports a corre-
lation between the number and diameter of ovarian 
follicles and venographic congestion, with women 
having congestion tending to have signifi cantly more 
and smaller follicles.44–46 Unfortunately, it has been 
shown that endovaginal ultrasound measurements of 
adnexal vasculature, including power Doppler mea-
surements, cannot reliably distinguish between wom-
en with pelvic congestion and controls.  Ultrasound 
may remain useful for diagnosis of pelvic congestion, 
predominantly due to visualizations of larger than ex-
pected, multicystic ovaries, and multiple dilated struc-
tures lateral to the uterus. Sonographic imaging also 
helps rule out other pathologies that might contribute 
to patient symptoms.

When multiple tortuous and dilated venous struc-
tures around the uterus and ovaries (larger than 4 to 
5 mm in diameter with slow fl ow velocities [about 3 
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small peripheral follicles, little to no vascular fl ow, and 
free fl uid in the pelvis. There is a possibility that an ova-
ry is torsed but still displays blood fl ow either centrally 
or peripherally, secondary to torsion that has not yet 
caused necrosis. In this case, laparoscopic untwisting 
of the adnexa can be successful in saving the ovary.26,49

In the classic case of ovarian torsion, blood fl ow is 
absent on the affected side. When this fi nding is en-
countered, it is necessary to document blood fl ow in 
the contralateral ovary to ensure that Doppler controls 
are set appropriately and the absence of a waveform is 
truly due to the absence of blood fl ow. With the fi nding 
of nonexistent vascular fl ow, open surgery and oopho-
rectomy would be the likely procedure, whereas those 
with normal fl ow patterns can be likely managed con-
servatively.50

cm/sec]) are noted, the suspicion of pelvic congestion 
syndrome should be raised47,48  (Fig. 6-19).

OVARIAN TORSION

Ovarian torsion is a differential for patients presenting 
with localizing pain in the lower pelvis. Torsion is caused 
by the rotation of the ovary with the vascular pedicle 
on its axis, resulting in arterial, venous, or lymphatic 
obstruction. A variety of sonographic ovarian presen-
tations may be found depending on the duration and 
degree of torsion, including a solid mass, a cystic mass, 
a solid mass with peripheral follicles, with or without 
pelvic fl uid, thickening of the wall, and cystic hemor-
rhage. The classic fi nding of a torsed ovary is one that 
is enlarged and edematous (hypoechoic), with multiple 

PATHOLOGY BOX 6-1

Spectral Doppler Waveforms

 Sample Location Normal cm/sec Abnormal

Uterine artery Laterally at the cervical level Arterial proliferative phase Lack of fl ow
   RI � 0.88 � 0.05
  Arterial luteal phase
   RI � 0.84 � 0.06
Uterine vein Adjacent to the uterine artery Nulliparous women � 2.6 mm �5 mm in diameter
  Parous women � 3.4 mm �5 or �10 cm/sec
  Continuous forward fl ow  venous fl ow
Ovarian artery Within ovary stroma Arterial follicular phase High diastolic fl ow
   RI � 0.92 � 0.08
  Arterial luteal phase 
   RI � 0.44 � 0.08
Ovarian neoplasm Within mass  RI � 0.4
   PI � 1.0

Figure 6-19 Pelvic congestion. A: Dual screen image demonstrating multiple anechoic tubular structures measuring greater than 5 mm in size, 
found adjacent to the lateral aspect of the uterus. When color was applied to these structures, they were characteristic of venous  structures. 
B: Dilated venous vessels (arrows) adjacent to the ovary (OV) in the same patient.

BA
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• Low-resistance fl ow has a high end-diastolic and 
peak systolic velocity. This can be imaged in either 
veins or arteries.

• The use of a Doppler angle of 60 degrees or less en-
sures accurate velocity measurements and optimal 
sensitivity to fl ow.

• Color and energy/power Doppler are overlays on the 
gray-scale image.

• In standard color fl ow imaging, fl ow toward the 
 transducer (above the baseline) displays red, where-
as fl ow away from the transducer (below the base-
line) displays blue.

• The normal vessel has laminar fl ow.

• Color Doppler displays the Doppler frequency shift as 
a velocity, whereas energy/power Doppler displays 
the amount or strength of the blood fl ow.

• Uterine artery RI is higher in the proliferative phase 
of the menstrual cycle (0.88 � 0.05), then decreases 
slightly (0.84 � 0.06) before ovulation and into the 
luteal phase.

• Periuterine vein velocity ranges between 5 and 
10 cm/sec, measuring less than 5 mm.

• Follicular phase ovarian RI is approximately 0.92 � 
0.08 due to low to absent diastolic fl ow. Ovulation RI 
fl ow decreases to 0.44 � 0.08.

• An AVM of the uterus is due to a congenital malfor-
mation, some type of trauma such as an endometrial 
biopsy, or trophoblastic disease.

• The ovarian vein diameter in nulliparous women 
is 2.6 mm and can be up to 3.4 mm in women 
who have had children. Dilated venous structures 
larger than 4 to 5 mm raise suspicion for pelvic 
 congestion.

• Ovarian torsion is the result of twisting of the ovary 
on its vascular pedicle. Compete torsion results in an 
absence of fl ow, whereas partial torsion may demon-
strate reduced fl ow to the ovary.

• A RI of 0.4 or less, or a PI of 1.0 or less, has been as-
sociated with malignant disease of the ovary; howev-
er, even when physiologic masses are excluded from 
analysis, the sensitivity and specifi city of Doppler RI 
are not suffi cient to replace the morphologic impres-
sion of a lesion being benign or malignant.

OVARIAN NEOPLASMS

A good deal of literature has been dedicated to the use 
of Doppler sonography for distinguishing between be-
nign and malignant adnexal masses.51–53 Because tumor 
vessels lack a muscular layer, they frequently have a 
low resistance fl ow. This resistance is typically ob-
tained and quantifi ed using either the RI or the PI. A RI 
of 0.4 or less or a PI of 1.0 or less has been associated 
with malignant disease.54–57 However, many other phys-
iologic and benign neoplastic lesions can have a low 
RI. Several scoring systems have been developed to dif-
ferentiate benign from malignant lesions based on ovar-
ian volume and the complexity of the cyst, including 
thickness of the cyst wall, number of cysts, papillary 
projections into the cyst, thickness of septa, surface ex-
crescences, and presence of ascitic fl uid.15,58,59 In many 
cases, a cyst that has complex features by sonographic 
standards can be found to be benign, thereby making 
sonography a less effective diagnostic tool in discrimi-
nating benign cysts from malignant cysts.

The corpus luteum typically induces a low resistance 
fl ow; therefore, if possible, patients should be scanned 
in the fi rst 10 days of the cycle to avoid confusion with 
luteal fl ow (Fig. 6-20). However, even when physiologic 
masses are excluded from analysis, the sensitivity and 
specifi city of Doppler RI are not suffi cient to replace 
the morphologic impression of a lesion being benign 
or malignant; to date, gray-scale morphologic features 
are more sensitive in this discrimination. However, the 
emergence of volume imaging has offered many hope-
ful avenues to help with this controversial diagnostic 
dilemma.

SUMMARY

• Patient history and examination technique follow the 
same protocol as a non-Doppler examination.

• Quantitative Doppler results in a numerical value 
such as a RI, S/D ratios, PI indices, or velocity.

• Quantitative values change as a result of vascular im-
pedance due to physiologic or pathologic processes.

• High resistance fl ow has a low end-diastolic value 
with a high peak systolic value. This type of fl ow 
images most often in arteries; however, some disease 
states result in high-resistance venous fl ow.

Figure 6-20 Corpus luteal fl ow. Endovaginal, sagit-
tal image of the right ovary (OV ) showing color fl ow 
around the dominant follicle on the left, and spectral 
waveform of the low impedance vascular supply to the 
corpus luteal cyst on the right.
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   7 Pediatric Pelvis 
 Jennifer Martin, Linda Woolpert, and Susan R. Stephenson 

 KEY TERMS 

 hydrocolpos  |  hematocolpos  |  hydrometra  |  hematometra  |  hydrometrocolpos  |  
hematometrocolpos  |  rhabdomyosarcoma  |  pheochromocytoma  |  dysgerminoma  |  
Rokitansky nodules  |  germ cell tumors  |  precocious puberty  |  gonadal dysgenesis  |  
ambiguous genitalia  |  ovarian torsion 

 OBJECTIVES 

 Summarize techniques used to decrease anxiety in the pediatric patient 

 Compare the normal pediatric uterine and ovary size and appearance to the adult 
pelvic organs 

 Recognize malignant and benign masses of the bladder, uterus, and ovaries 

 Explain the causes of gonadal dysgenesis and ambiguous genitalia 

 Relate precocious puberty to hormonal and pathologic origins 

 Classify the sonographic fi ndings of hydrocolpos, hematocolpos, hydrometra, 
hematometra, hydrometrocolpos, and hematometrocolpos 

 Predict extrauterine congenital malformations that coexist with uterine malformations 

 Identify the sonographic appearance of ovarian torsion 

 Pheochromocytoma Vascular tumor of the adrenal gland 

 Precocious puberty Early onset of puberty, usually 
before 8 years of age 

 Pseudohermaphrodite Individual with external  genitalia 
of one sex and the internal organs of another sex 

 Rhabdomyosarcoma Malignancy derived from striated 
or skeletal muscle 

 Rokitansky nodule (a.k.a. dermoid plug) Nodule pro-
jecting from a thickened cyst wall, usually ovarian in origin 

 Thelarche Start of breast development at the onset of 
puberty 

 Turner syndrome Genetic syndrome characterized by an 
X and O chromosome combination resulting in a  female 
with premature ovarian failure and lack of puberty 

 GLOSSARY 

 Adrenarche Increase in adrenal gland activity seen at 
the onset of puberty 

 Ambiguous genitalia Intersexual genitalia 

 Café au lait skin pigmentation Irregular fl at spots of 
increased skin pigmentation 

 Diethylstilbestrol (DES) Synthetic estrogen, used from 
1940 to 1971 to aid in pregnancy maintenance, that 
resulted in a T-shaped uterus in female children 

 Germ cell tumors Class of tumors that originate in 
either the egg or sperm 

 Gonadal dysgenesis Loss of primordial germ cells in 
the gonads of an embryo 

 Hermaphrodite Having both male and female sexual 
characteristics 

 Ultrasonography has opened new horizons in the fi eld 
of pediatric gynecologic imaging. Much information 
about the nature and extent of an abnormality can be 
collected with little trauma to the child. Because inter-
nal pelvic  examination of young girls is not generally 
desirable or possible, ultrasound assumes a role of great 
importance as a relatively simple and painless method 
of viewing the  internal anatomy. The virginal patient 

or child prohibits the use of endovaginal ultrasound, 
which is helpful in the older patient. Transperineal im-
aging has occasionally proven useful by providing im-
aging close to the uterus without transducer insertion. 

 More invasive procedures, such as examination un-
der anesthesia, diagnostic laparoscopy, or exploratory 
laparotomy, may be avoided or postponed. In recent 
years, spectral, color fl ow, and duplex Doppler have 
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7-to-15 MHz range. Pediatric sonographic examinations 
mirror adult exams in scanning planes and exam pro-
tocol. Children may move during the exam. To reduce 
motion on still images, use a lower persistence, and 
captures from cine loops. If available, 3D data sets con-
taining anatomic sweeps is another method to acquire 
the needed images. 

 Preparation for the pelvic exam begins with the 
older child ingesting and fi nishing 24 oz of fl uid 45 
minutes to an hour prior to the exam. An infant can 
be fed a bottle 30 minutes before the exam. 1,2  If blad-
der fi lling cannot be accomplished via fl uid ingestion, 
catheterization may be required. The speed and ac-
curacy of the examination is critical, as it is diffi cult 
for the pediatric patients to maintain control of their 
full urinary bladder. Endovaginal  ultrasound in ma-
ture, sexually active adolescents helps to delineate the 
pelvic organs. 1,3  

 Transperineal imaging may be particularly helpful 
in evaluating cases of vaginal pathology or imperforate 
anus. As in adults, if an abnormality is found in the 
pelvis, the appropriate upper abdominal organs should 
be examined to preclude related fi ndings, such as hy-
dronephrosis or metastatic lesions in the lymph nodes 
or liver. 

 In recent years, radiation dose concerns have shifted 
many institutions to utilizing ultrasound as the fi rst 
line of imaging versus the common practice of using 
computed tomography (CT) as an imaging modality for 
children with lower abdominal pain. The performance 
and interpretation of the sonographic exam by properly 
trained medical professionals has proven to be the only 
diagnostic  modality required for many pediatric pelvic 
disorders. 4  

 NORMAL ANATOMY 
 UTERUS 

 The uterus and ovaries develop in a series of changes 
in size and confi guration during normal growth and 
 development. 5  In the newborn female, the uterus is prom-
inent and thickened with a brightly echogenic endometri-
al lining caused by in utero hormonal stimulation. 2,3  The 
spade-shaped uterus length is approximately 3.5 cm, with 
a fundus-to-cervix ratio of 1:2. At 2 to 3 months of age, the 

added to our ability to examine the child sonographi-
cally. Major indications for gynecologic ultrasound ex-
amination of young girls include vaginal bleeding or 
discharge,  ambiguous genitalia, pelvic pain, and ab-
dominal masses. Although pregnancy is often found 
to be the cause of an abdominal mass in older ado-
lescents, because this chapter deals with premenarchal 
patients, pregnancy is not discussed here. 

 SONOGRAPHIC EXAMINATION 
TECHNIQUE AND PROTOCOLS 
 Taking a few minutes to prepare the child and her 
parent(s) before beginning the ultrasound exam is 
 highly benefi cial. Reduction in the anxiety level of the 
child  creates a culture of trust. The explanation and 
demonstration should be tailored to the age of the pa-
tient. For example, allow the child to touch the trans-
ducer “camera,” feel the gel, and locate the “TV” where 
she will “see her belly.” Allowing a parent to stay with 
the child during the examination and discussing ways 
he or she can support the child reduces the anxiety lev-
el of all concerned. A bottle, pacifi er, and a key ring for 
an infant and perhaps a favorite toy for an older child is 
another method to alleviate patient anxiety. Visual and 
auditory distractions (including nursery rhymes, songs, 
bubbles, and toys) can also distract the child’s attention 
from the procedure. Often, a child will cry at the start 
of the examination despite the examiner’s explanations 
and endeavors; invariably she will stop once she real-
izes the examination is not painful and that her parents 
are not  going to leave her. Child Life Specialists are of-
ten available at freestanding children’s hospitals; they 
may offer education to the patient and family prior to 
the procedure and can offer distraction techniques dur-
ing the examinations. A common practice used at the 
end of  pediatric exams is to have either a toy basket or 
similar small reward such as a lollipop or sticker in rec-
ognition of successful completion of the examination. 

 High-resolution, real-time, and three-dimensional 
(3D) ultrasound have become vital imaging techniques 
for the lower abdominal and pelvic structures of infants, 
children, and adolescents. The distended urinary blad-
der is used as an acoustic window to evaluate the lower 
urinary tract, uterus, adnexa, prostate gland, seminal 
vesicles, pelvic muscles, and vasculature. 1  

 The size of the child and area of interest for the 
 ultrasound examination determine the frequency 
range and type of transducer that is most appropri-
ate. For visual ization of the lower urinary tract, uterus, 
adnexa, and prostate gland, either a phased array or 
curved linear  transducer in the 4-to-10 MHz range is 
used for infants and small children. These same struc-
tures may require a 1-to-5 MHz phased array or curved 
linear transducer for larger children. To best visualize 
pelvic muscles, vasculature, superfi cial structures, and 
bowel, use a high-frequency linear transducer in the 

PATHOLOGY BOX 7-1

 Methods to Reduce Motion 

  1. Decrease  
 • Focal zone number 
 • Sector size 
 • Persistence 

  2. Obtain cine loop or 3D data set 
  3.  Measure organs from cine loop or 3D data set 
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calculate the volume. The mean ovarian volume from 
birth to age 5 years is usually less than or equal to 
1 cm 3 . 2,3  The mean ovarian volume in premenarchal 
girls between ages 6 and 10 years ranges between 1.2 
and 2.1 cm 3 . 2,3  The ovarian volume markedly enlarges 
postpuberty; therefore, ovarian volumes in menstruat-
ing children will be greater than their premenarchal 
counterparts. 

 Starting in the neonatal period, the usual appearance 
of ovaries is heterogeneous secondary to small cysts. 
Ovarian cysts are extremely common in the pediatric 
population. Observations of ovarian cysts in children 
from birth to 2 years found that most had some cysts, 
with a steady reduction until the age of 12. Large cysts 
(macrocysts) measuring over 9 mm image in the fi rst 
year of life more often than in the second. These fi nd-
ings correlate to the higher levels of maternal hor-
mones found in the neonate. Ovarian blood supply is 
dual: Blood comes from the ovarian artery, which origi-
nates at the aorta, and from an adenxal branch of the 
uterine artery. 2,3,5  The Doppler modes (color, spectral) 
demonstrate fl ow in the majority of adolescent ovaries; 
however, separation of the dual blood supplies is not 
 possible. 2,5   

uterus reverts to prepubertal size with a tube-shaped con-
fi guration, is 2.5 to 3 cm long, has a fundus-to-cervix ratio 
of 1:1, and with a nonvisualized endometrial stripe. The 
uterus remains this size and shape until puberty, when 
it gradually increases to 5 to 7 cm and the fundus-to-
cervix ratio becomes 3:1 (Fig. 7-1). 3,6–8  In the adolescent, 
the echogenicity and thickness of the endometrial lining 
varies according to the phase of the menstrual cycle. The 
right and left uterine arteries, branches of the internal iliac 
arteries, supply the uterus. Color  Doppler modes demon-
strate fl ow in the myometrium with little or no fl ow in the 
normal endometrium (see Table 4-11). 3,7  

   VAGINA 

 High-resolution ultrasound offers an alternative to digi-
tal and visual examination of the vagina in the pediat-
ric population. In the infant or girl presenting with an 
interlabial mass, ultrasound in conjunction with other 
imaging modalities can usually determine the cause. 8  
The best method to assess the vagina is in the longitu-
dinal scan plane through the distended urinary bladder. 
The vagina visualizes as a long tubular structure con-
tinuous with the uterine cervix. The opposing mucosal 
walls of the vagina appear with a bright central echo. 
The transperineal approach can also be useful in evalu-
ating vaginal pathology. 

 OVARIES 

 Ultrasound visualization of the ovaries in children var-
ies greatly dependent upon their location, size, and 
the patient’s age (Fig. 7-2). Neonatal ovaries generally 
are on a long pedicle within a relatively small pelvis 
and may locate anywhere between the lower pole of 
either kidney and the true pelvis. Calculation of the 
ovarian volume is the best assessment of ovarian size. 
The simplifi ed prolate ellipse formula can be used to 

A B
 Figure 7-1  A:  Normal uterus in a 38-week fetus.  B:  Uterus in a 12-year-old prepubescent girl. 

PATHOLOGY BOX 7-2

Ovarian Volume2,3

Formula Length � Depth � Width � 0.523
Size (cm3; � SD)

Birth–5 years �1
6–10 years 1.2–2.1 (� 0.5)
11–13 years 2.5–4.2 (� 1.3–2.3)
Menstrual 9.8 (� 5.8)
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potential. 9  Tumors found in the adult population have 
almost all been found in the pediatric population. 
The following sections describe the most frequently 
found malignant and benign tumors in children and 
 adolescents. 

 PATHOLOGY 
 Tumors of the genitalia are rare in the pediatric and ad-
olescent populations; but of the tumors that are found, 
approximately half are malignant or have a malignant 

Figure 7-2 Pelvic sonogram on a 10-year-old complaining of right 
lower quadrant pain. A: Small normal prepubescent uterus with a 
small amount of free fl uid in the posterior cul-de-sac (arrow). B: Trans-
verse uterus with right ovary. UT, uterus; RO, right ovary; B, bowel. Lon-
gitudinal image of the normal left ovary (C) and transverse of the right 
ovary (D). E: Exploration of the appendiceal area revealed a tubular 
structure (arrow). The transverse dual with compression and noncom-
pression views confi  rm appendicitis (arrows).

D

B

C
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 Symptoms of pheochromocytomas of the bladder 
include headache, intermittent high blood pressure 
(70%), hematuria (6%), blurred vision, diaphoresis, 
and  palpitation. 2  

  Urinary obstruction can also be caused by benign 
polyps in the male urethra. The fundus of the bladder is 
the most common location for these well-defi ned, solid, 
intramural bladder mass. 2  

 VAGINA, UTERUS, AND FALLOPIAN TUBES 

 Tumors originating in the uterus and vagina are rare 
in the pediatric population. Malignant tumors are more 
common than benign tumors, and the vagina is involved 
more often than the uterus. 2  Foreign bodies in the va-
gina are the most common cause of vaginal bleeding 
in pediatric patients, toilet paper is the most common 
source of this material. Premenarchal vaginal bleed-
ing can also be caused by precocious puberty. Vascu-
lar malformations and hemangiomas are also potential 
causes of prepubertal vaginal bleeding. 11  The workup of 
vaginal bleeding may include measurement of blood es-
tradiol levels, gonadotropin-releasing hormone (GnRH) 
stimulation test, pelvic sonography and possibly CT or 
magnetic resonance imaging (MRI) to rule out adrenal 
or gonadal tumors, and a head CT to rule out central 
nervous system lesions, 4  particularly in the evaluation 
of precocious puberty (Fig. 7-4). 12  

 Benign Lesions 
 Although benign solid lesions in the uterus and va-
gina are rare in the pediatric population, cystic benign 
vaginal lesions are not uncommon. Examples of these 
types of masses include Gartner duct cysts and pelvic 
infl ammatory disease. The most common type of cystic 

 LOWER URINARY TRACT 

 Malignant Lesions 
 Rhabdomyosarcoma is the tumor found most  commonly 
in the lower urinary tract of the pediatric population. 2  
This tumor originates from the genitourinary tract in 
21% of cases at the prostate or trigone of the bladder. 
Less  common sites include the seminal vesicles, sper-
matic cord, vagina, pelvic muscles, uterus, vulva, ura-
chus, and the area surrounding the scrotum. 2  CT and 
ultrasound  imaging of the pelvis help diagnose rhabdo-
myosarcoma in children. 2,10  

 Males have a higher incidence of rhabdomyosarco-
ma by a 1.6:1 ratio. 2  The age of highest incidence is 3 
to 4 years, with the second highest incidence peak seen 
again in adolescence. 2  The embryonal form of rhabdo-
myosarcoma is the most common cellular type of this 
disease; sarcoma botryoides is a subtype of this cellular 
form. The alveolar cellular form is the next most com-
mon type;  undifferentiated and pleomorphic are rarely 
seen. When the tumor originates from the bladder or 
prostate, patients commonly present with urinary tract 
obstruction and hematuria. These tumors have been as-
sociated with fetal alcohol syndrome, basal cell nevus 
syndrome, and neurofi bromatosis. 2  

 The sonographic appearance of rhabdomyosarcoma 
is a homogeneous, solid mass with similar acoustic 
characteristic presentation to that of muscle tissue. Ne-
crosis and hemorrhage within the tumor can lead to 
anechoic foci within the rhabdomyosarcoma. Calculi 
are rarely seen with this tumor type. Polypoid projec-
tions caused by sarcoma botryoides infi ltration into the 
bladder wall can be seen when the tumor originates in 
the submucosa of the urinary bladder. Prostate origina-
tion of the tumor can cause concentric or asymmetric 
enlargement of the gland, resulting in potential for infi l-
tration of the bladder neck, perirectal region, and poste-
rior urethra. Lymph node metastases in the area of tu-
mor origination and the retroperitoneum are  common. 2  

 Benign Lesions 
 Benign lesions of the lower urinary tract in the  pediatric 
population are extremely uncommon. Transitional cell 
papilloma, leiomyoma, neurofi broma, fi broma, and hem-
angioma are among these benign tumors of young chil-
dren and adolescents (Fig. 7-3). 2   Pheochromocytoma is a 
rare tumor that most likely originates in the paraganglia of 
the autonomic nervous system and may be either in the 
submucosal layer of either the posterior wall of the bladder 
close to the trigone or in the dome of the urinary bladder. 
Of note, in the pediatric population, 2% of bladder pheo-
chromocytomas are malignant. 2  Congenital diseases that 
may involve pheochromocytomas are neurofi bromatosis, 
tumerous sclerosis, type A multiple endocrine neoplasia 
(medullary thyroid carcinoma,  hyperparathyroidism), 
Hippel-Lindau disease, Sturge- Weber syndrome, and mul-
tiple endocrine neoplasia type IIB (medullary thyroid car-
cinoma, mucosal neuromas, and pheochromocytoma). 

Urethra

Ureter

Dome 10%

Posterior and
lateral wall

70%

Trigone and
bladder neck

20%

Localization Type

Papillary 80%

Carcinoma 
in situ 3%

Papilloma

Papillary and
invasive

Flat invasive

Flat 
noninvasive

 Figure 7-3 Urothelial neoplasms. Most tumors occur in the urinary 
bladder and are classifi ed histologically as urothelial (transitional 
cell) carcinomas (TCCs). Ureters and the posterior urethra are also 
lined by transitional epithelium and can give rise to TCC. TCCs can 
be fl at, papillary, papillary and invasive, or simply invasive. Benign 
transitional cell papillomas are rare. 
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 Various other tumors of the uterus and vagina are 
rare. Vaginal carcinoma (typically clear cell adenocarci-
noma) is found most commonly in teenagers that were 
exposed to diethylstilbestrol (DES) in utero. 2  

 OVARY 

 Ovarian cysts have been found to be much more com-
mon than originally thought since the advent of pediat-
ric pelvic sonography. In the pediatric age group, 60% 
of ovarian masses are functional cysts and 40% are neo-
plasms. The most common site of tumors in the pediat-
ric female genital tract is the ovary. Prior to menarche, 
one-third of these tumors are malignant with two-thirds 
of these neoplasms benign mature teratomas. 4  Ovarian 
tumors present with a  variety of symptoms including 
pelvic pain, swelling, and infl ammation. Ultrasound is 
a useful diagnostic tool when used in conjunction with 
tumor markers. With the exception of ovarian cancer, 
these tools allow for successful  tumor management and 
ovarian  preservation. 15  

 Benign Masses 
 Ovarian cysts in the pediatric and adolescent popula-
tion are quite common. Follicular retention cysts, cor-
pus  luteum cysts, or hemorrhagic cysts are the most 
 commonly seen cysts in this population. Precocious pu-
berty can be precipitated by the secretion of hormones 
from the lining of these cysts. Aside from hemorrhagic 
cysts, which have a complex  appearance, the remainder 
of cysts tend to be anechoic. The greatest risk associat-
ed with various ovarian cysts is the possibility of ovar-
ian torsion once they attain a certain size. Ovarian cysts 

lesion in the vagina is a Gartner duct cyst. These benign 
cysts are remnants of the distal wolffi an or mesonephric 
duct. 2  There can be multiple cysts or a single cyst and 
are most commonly located in the anterolateral aspect 
of the vagina. These cysts look like fl uid-fi lled structures 
within the vaginal wall on sonographic examination (see 
Fig. 8-28). 

 Pelvic infl ammatory disease (PID) can occur in sexu-
ally active adolescents or in sexually abused  pediatric 
patients. This infection has the potential of affecting the 
ovaries, uterus, and fallopian tubes. PID can lead to tubo-
ovarian abscess, endometritis, salpingitis, oophoritis, and/
or pelvic peritonitis, which  sequentially leads to chronic 
pelvic pain, impaired fertility, or ectopic  pregnancy. 

 Malignant Lesions 
 The most common malignant vaginal and uterine mass 
in pediatric females is rhabdomyosarcoma. Typical pre-
sentation is a cluster of cysts called sarcoma botryoides 
protruding from the vagina or presentation with vaginal 
bleeding in the 6-to-18-month age group. This tumor 
typically originates in the vagina and spreads to the 
uterus, although it may follow the opposite path oc-
casionally (Fig. 7-5). 2  

 The sonographic appearance of rhabdomyosarcoma 
is a homogeneous mass either fi lling the vaginal cavity 
or causing an irregular mass effect of the uterus. The 
size and extension of this tumor can make it diffi cult 
to determine the origin of the tumor on the ultrasound 
exam. 14  Radiation and chemotherapy are used to shrink 
the mass to a size suitable for conservative excision. 
Ultrasound, MRI, and CT may be used for serial follow-
up examinations. 1,10  

 Endodermal sinus or yolk sac tumors have a similar 
clinical and sonographic presentation as dysgermino-
ma and rhabdomyosarcomas, although it is much less 
 common. 2  

 Figure 7-5 Embryonal rhabdomyosarcoma (sarcoma botryoides) of 
vagina. The grape-like tumor protrudes through the introitus. 

 Figure 7-4 Pheochromocytoma of the vagina. Axial fat-suppressed 
 T2-weighted image shows lobulated high signal intensity mass  ( arrow)  
in left wall of vagina. 
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It is fortunate this tumor has low-grade malignancy 
and is very  radiosensitive, therefore potentially curable. 
Typical ultrasound presentation is a solid mass rang-
ing in size from a small nodule to one extending from 
the pelvis into the abdominal cavity. Lobulations, areas 
of hemorrhagic necrosis and fi brovascular septa may 
be seen within this mass. 20  Liver metastases, ascites, 
and retroperitoneal lymphadenopathy may be present 
in cases of advanced disease (Fig. 7-6). 

 Color Doppler ultrasound demonstrates prominent 
arterial fl ow within the fi brovascular septa of dysger-
minoma. Kim and Kang described imaging fi ndings in 
several cases, including a particular case of a  7-year-old 
girl. On her MRI evaluation, the septa were hypoin-
tense or isointense on T2-weighted images and showed 
marked enhancement on both contrast- enhanced CT 
and contrast-enhanced T1-weighted MRI. Tanaka and 
coworkers also described this unique fi nding. 20,23  

 Lab work is also an essential tool to differentiate this 
tumor from other diseases with similar sonographic 
appearance, such as ovarian torsion and appendiceal 
abscess. Human chorionic gonadotropin (hCG), lactic 
 dehydrogenase (LDH), and alpha-fetoprotein (AFP) 
may all be elevated with dysgeminoma. In 10% to 15% 
of cases, these masses occur bilaterally and contain 
 calcifi cations. 24  

 Unilateral tumor localization is sometimes treated 
with single oophorectomy in conjunction with radiation; 
however, some advocate total abdominal hysterectomy 
with postoperative radiation. If the tumor is bilateral, 
locally extensive, or accompanied by lymphadenopathy 
and/or ascites, a total abdominal hysterectomy followed 
by postoperative radiation is the usual treatment. 25  

in the fetus are  related to the secretion of maternal and 
placental chorionic  gonadotropin. Larger ovarian cysts 
are more common in fetuses of  mothers with toxemia, 
Rh isoimmunization, and diabetes, as these conditions 
all cause an increase in the release of placental chori-
onic gonadotropin. 16  

 Over time, management of neonatal ovarian cysts has 
changed. Follow-up sonographic assessment of neonatal 
ovarian cysts found that many regress on their own dur-
ing the fi rst few months of life. Monitoring of gonadotro-
pin levels and follow-up ultrasound exams have replaced 
surgical excision of ovarian cysts or oophorectomy. 17  

 Cyst removal is still promoted by some in regard to 
neonatal cysts that are larger than 5 cm, hemorrhagic 
cysts that may be caused by torsion or infarction, and 
even small cysts if they persist longer than 4 months, 
enlarge, or become symptomatic. 2  It is thought that 
surgery may avoid the potential morbidity of ovarian 
autoamputation due to torsion, peritonitis caused by 
cyst  rupture, or intestinal obstruction due to cyst size. 
The possibility of a potentially lethal cyst rupture, or 
peritonitis from cyst torsion with infarction, or bowel 
obstruction is raised when a neonatal cyst has associ-
ated ascites. 18  

 Color Doppler ultrasound in characterization of 
ovarian cysts has not proven to increase the specifi c-
ity of diagnosis, rather it helps to accurately detect the 
presence or absence of ovarian blood fl ow, enabling the 
clinician to  either confi rm or disregard the diagnosis of 
ovarian torsion. 7  

 The most common tumor during the reproductive 
years is benign cystic teratoma (BCT, dermoid cyst), 
but it is relatively uncommon before puberty. It  occurs 
more often on the right side and often presents with 
abdominal pain secondary to torsion; therefore, it can 
mimic the symptoms of appendicitis. 2,3  The mass is 
predominantly cystic in children, with small foci of 
fat, hair, and calcifi cation. 19   Ovarian teratomas may 
contain sonographically visible mural nodules (called 
Rokitansky nodules) and exhibit posterior acoustic 
 shadowing. 19  Approximately 10% of these teratomas 
are present bilaterally. 19  

 Rarely seen, benign serous and mucinous cystadeno-
mas occur in prepubertal girls. In children, the benign 
form  occurs more often than the malignant type and 
is commonly unilateral; they are epithelial in  origin. 20  
Septa seen within these lesions aids the clinician in 
providing the differential diagnosis. The combina-
tion of ascites, pleural effusion, and a fi broma (Meigs 
 syndrome), which is a rare benign solid connective tis-
sue  tumor, can lead to ovarian torsion. 21,22  

 Malignant Masses 
 Germ cell tumors are the most common malignant 
 tumors involving the pediatric genital tract. The coun-
terpart of the testicular mass seminoma is dysgermino-
ma, which is the most common pediatric ovarian mass. 

NO DIFFERENTIATION
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Embryonic
tissue
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Endodermal sinus
(yolk sac) tumor

Teratoma (ectoderm,
mesoderm, endoderm)
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 Figure 7-6 Classifi cation of germ cell tumors of the ovary. 
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 Endodermal sinus tumor, malignant teratoma, pri-
mary choriocarcinoma of the ovary, and embryonal 
carcinoma are other germ cell tumors. Growth of en-
dodermal sinus tumor is rapid and unilateral; this is 
the second most common germ cell tumor. 11  Peak inci-
dence of malignant teratomas is at age 3, and 60% of 
teratomas show calcifi cation on radiographic examina-
tion. This tumor may not be distinguishable from BCT, 
although it typically contains more solid portions. 20  
A highly malignant, unilateral tumor that may lead to 
precocious puberty is embryonal carcinoma. Another, 
less common precursor to precocious puberty is non-
gestational choriocarcinoma. 2  These tumors range in 
sonographic presentation from highly echogenic to 
purely cystic, with cul-de-sac fl uid in half of these pa-
tients. Liver and nodal metastases, and ascites are com-
mon with these tumors (Fig. 7-7). 26  

 Granulosa-theca cell and arrhenoblastoma (Sertoli- 
Leydig cell) tumors of gonadal origin are less often ma-
lignant and tend to exert infl uence on hormones. Pre-
cocious puberty can be brought on by granulosa-theca 
cell tumors that are feminizing tumors and are only 
found 5% of the time prior to puberty. Less than 5% 
of these tumors are bilateral. They have a prevalence 
of late recurrence, requiring that postoperative follow-
up surveillance be performed on these patients for the 
remainder of their lives. Arrhenoblastomas are an ex-
ample of masculinizing tumors. If these tumors recur, it 
is within the fi rst 3 years after treatment. 24  

 In children, epithelial originating tumors, serous and 
mucinous cystadeonocarcinoma, are rarer than their 
benign counterparts. Serous tumor types commonly 
present with thick septa and solid elements and are 
multilocular. Serous tumors are twice as common as 
mucinous tumors. 

 Metastases can spread to one or both ovaries. Leu-
kemia, lymphoma, Krukenberg tumor, neuroblastoma, 

and rhabdomyosarcoma have all been shown to have 
the potential of spreading to involve the  ovary. 1,12  
 Autopsy has shown genital involvement of acute lym-
phocytic leukemia to be 11.5% to 80% in females. So-
nographically, this is  represented as solid, hypoechoic 
ovarian masses. Marrow remission often coincides 
with gonadal involvement.  Recurrence of tumor is like-
ly if the sequestered tumor is not treated  adequately 
(Table 7-1). 

 GENITAL ANOMALIES, GONADAL 
DYSGENESIS, AND AMBIGUOUS GENITALIA 

 Ultrasound can be obtained in cases where congenital 
uterine anomalies are suspected in infants and young 
children; however, these can be diffi cult to detect. As-
sociated anomalies such as absence of the vagina, im-
perforate anus, or urinary tract abnormalities can lead 
to clinical suspicion and  result in a pelvic sonogram. 
Potential diagnosis made by pelvic sonography would 
be either the presence of a smaller than normal uterus 
or a uterine obstruction, which would suggest a con-
genital uterine anomaly. Distension of the endometrial 
cavity and vagina would be suggestive of an imperforate 
hymen or anomaly of the vagina. Certain syndromes 
involving müllerian anomalies may reveal agenesis 
of the uterus, vagina, or kidneys. Mayer- Rokitansky-
Küster-Hauser syndrome present with a normal karyo-
type. These children have normal secondary sexual 
characteristics but have coexistent renal (50% to 90%) 
and skeletal anomalies. Sonography helps establish the 
presence of a vagina, but specifi c vaginal anomalies 
are diffi cult to characterize. Ultrasound aids in surgi-
cal planning for corrective surgery in cases of vaginal 
atresia, stenosis, or hypoplasia by depicting the extent 
of vaginal presence or absence in the upper one-third of 
the vagina, the uterus, and the ovaries. 14  

A B
 Figure 7-7  A:  Example of liver metastasis.  B:  Transverse image of ascites in the right upper quadrant in a different patient. (Images courtesy 
of GE Healthcare, Wauwatosa, WI.) 
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 TABLE 7-1 

 Differential Diagnoses of the Complex Pediatric Ovarian Mass 

Mass History Physical Findings Laboratory Studies Sonographic Findings

Hemorrhagic 
  ovarian cyst

Lower abdominal 
  pain, occasional 

nausea

None, or palpable 
  mass; fever with 

torsion

  WBC if torsion Variable: thick-walled cyst; septated 
  cyst; homogeneous low-level 

echoes with poor sound attenuation; 
cyst containing solid components, 
may have fl uid in cul-de-sac; change 
in appearance in follow-up study

Benign cystic 
 teratoma

Lower abdominal 
  pain, nausea, 

vomiting; pain 
increase with 
torsion

Lower abdominal or 
  pelvic mass; 

torsion in 25% 
cases, with 
associated 
fever and acute 
abdomen

  WBC if torsion Complex mass with hyperechoic zones 
  with acoustic shadowing; 

“tip-of-the-iceberg sign”; solid mass 
with cystic components with or 
without scattered internal echoes; 
fat-fl uid level; pelvic radiograph 
shows calcifi cation in 47% to 54%

Torsion of 
  normal 

uterine 
adnexa

Acute abdominal 
  pain; 50% have 

had similar 
episodes with 
spontaneous 
recovery in past; 
nausea, vomiting

Small, tender 
  adnexal mass or 

lower abdominal 
mass; possible 
rebound 
tenderness; fever

  WBC Predominantly solid ovarian mass 
  with good through-transmission; 

may have fl uid in cul-de-sac; 
solid mass (enlarged ovary) with 
peripheral cysts; infarction may 
mimic hemorrhagic cyst

Appendiceal 
 abscess

Right lower quadrant 
  pain, nausea, fever, 

vomiting

Tender right, lower 
  abdominal mass; 

may have rebound 
tenderness; fever

  WBC Nonspecifi c complex adnexal mass; 
  fecalith with or without shadowing; 

fl uid in cul-de-sac

Tubo-ovarian 
 abscess

Lower abdominal 
  pain, vaginal 

discharge; 
history of pelvic 
infl ammatory 
disease

Tender lower 
  abdominal or 

adnexal mass; 
fever; purulent 
cervical drainage

  WBC Nonspecifi c complex mass; may 
  simulate hemorrhagic cyst in 

enlarged adnexa; fl uid in cul-de-sac

Malignant 
 neoplasm

May have lower 
  abdominal pain 

that is acute, 
subacute, or 
chronic; nausea, 
vomiting

Lower abdominal 
  mass; fever with 

torsion; ascites, 
lymphadenopathy, 
metastases

   WBC if torsion Nonspecifi c complex ovarian mass; 
  central cystic area of necrosis; may 

be cystic with multiple septations; 
uterus may not be identifi able; fl uid 
in cul-de-sac in 50%; ascites, liver 
and peritoneal metastases, and 
lymphadenopathy may occur

WBC, white blood cell count; →, increased

(Adapted from Haller JO, Bass IS, Friedman AP. Pelvic masses in girls: an 8-year retrospective analysis stressing ultrasound as the prime 
imaging modality. Pediatr Radiol. 1984;14:367.)

→
→

→
→

→
→

 The occurrence of ovarian agenesis is so rare that it 
is even thought to be an acquired condition as a result 
of ovarian torsion and eventual necrosis in utero. Ovar-
ian hypoplasia is commonly associated with endocrine 
disorders, intersex disorders, and gonadal dysgenesis. 14  

 Turner syndrome is the most familiar type of gonadal 
dysgenesis. Ovarian development in this syndrome  ranges 
from adult to infantile to absent. Turner patients have de-
fi cient ovaries and a 45,XO karyotype. Physical charac-
teristics include dwarfi sm, webbed neck, shield-shaped 
chest, amenorrhea, and infantile sexual development. 
Ovaries do not contain follicles and are typically only a fi -
brous streak. Ultrasound does not commonly demonstrate 

ovaries in these patients prior to hormone therapy; the 
uterus is prepubertal in size and shape  independent of the 
patient’s age. It is useful to utilize ultrasound for changes 
in the size and shape of the uterus and ovaries following 
the administration of hormonal therapy. 

 In the individual with the abnormal karyotype of 
46,XY, testiclular feminization occurs due to androgen 
insensitivity. Physical characteristics include uterine and 
vaginal anomalies, little or no pubic or axillary hair, and 
testis within the abdomen or inguinal canal.  Although 
testosterone levels may be normal, the end  organs are 
typically not sensitive. 16  Gonadal dysgenesis patients 
may have “streak” gonads. They resemble ovaries but 
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 studies are typically run in parallel with the ultrasound 
 examination (Fig. 7-8). 

 Ambiguous genitalia is seen in approximately 1 in 
50,000 to 70,000 babies. 12  This is an isolated occurrence 
of intersex in 1 birth in 1,000 and is much more com-
monly associated with other anomalies. 14  Defi nition of 
the internal anatomy via ultrasound helps accelerate 
diagnosis and sex assignment of such infants. 3,14  True 
hermaphrodites have both ovarian and testicular tissue. 
Ovaries and testes may be separated on either side of 
the pelvis, or the structures can be joined as ovitestis; 
presence or absence of the uterus also varies. A chro-
mosomal female (46,XX) is considered a female pseudo-
hemaphrodite because of physical characteristics of the 
presence of ovaries along with masculinized external 
genitalia, including prominent fused labia, which may 
be hyperpigmented secondary to increased adrenocor-
ticotropin levels and enlarged clitoris. The cause of this 

contain no germ cells or follicles. The Y chromosome in 
these children is cause for concern because the child’s 
risk for development of a tumor such as a dysgermino-
ma or a gonadoblastoma is greater than 30%. Therefore, 
 gonadectomy is recommended for these patients. 

 One of the main indications for sonography of 
the neonate is ambiguous genitalia. Serious psycho-
logical disturbances can be avoided with early diag-
nosis. Vaginal  atresia, fused labia, clitorimegaly, or 
 cryptorchidism should result in  ultrasound investiga-
tion in an effort to defi ne the internal anatomy. Careful 
 sonographic surveillance of the retroperitoneum and 
labia for gonads and the pelvis for  müllerian struc-
tures provides clinicians with vital information for 
diagnosis and treatment. Sonographic images should 
also be obtained of the adrenal glands and kidneys to 
exclude  associated anomalies of adrenal hyperplasia 
and  renal anomalies. 12   Hormonal and chromosomal 

A B

C D
 Figure 7-8 Newborn with ambiguous genitalia.  (A)  Longitudinal (arrows) and transverse.  (B, calipers)  Images of the pelvis reveal a normal 
 infantile uterus. Longitudinal  (C)  and transverse  (D)  images of the left adrenal gland  (arrows)  reveal an enlarged adrenal gland with  convolutions 
reminiscent of the brain (cerebriform) consistent with CAH.  LK , left kidney;  BL,  bladder;  UT,  uterus;  BL , bladder;  CX , cervix. (Images courtesy of 
Helen DeVos Children’s Hospital, Grand Rapids, MI.) 
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evaluation of these patients demonstrates their  tendency 
to have the largest ovarian cysts and the largest size dis-
crepancy between the two ovaries. 

 Sonography can accurately assess the size of the 
uterus and ovaries. A diagnosis of pituitary axis stimu-
lation can be made when ultrasound reveals a large 
uterus and symmetric ovarian enlargement. A prepu-
bertal-sized uterus and unilateral ovarian enlargement 
suggests an ovarian  tumor, although primordial cysts 
may be a normal cause of an enlarged ovary. King and 
colleagues conducted a study that looked at ovarian 
cysts in patients with precocious puberty. They found 
the presence of small ( � 9 mm) cysts alone could not 
separate those patients with precocious puberty from 
normal girls. According to their study, the best pre-
dictor of true precocious puberty was bilateral ovar-
ian enlargement, whereas unilateral enlargement 
 associated with macrocysts ( � 9 mm) was suggestive 
of pseudoprecocious puberty. Sonographic representa-
tion of an infantile uterus and ovaries is suggestive of 
premature thelarche or adrenarche and does not lead 
to a  diagnosis of precocious puberty. In these cases, 
careful analysis of the adrenal and hypothalamic re-
gions must also be undertaken before precocious pu-
berty can be attributed to an ovarian cyst. 12  CT and 
MRI are both superior to sonography in the evaluation 
of these areas and should be utilized to evaluate these 
regions. 

 Sonography is useful as a tool to assess patients with 
precocious puberty during hormone replacement ther-
apy (LH-releasing factor analog therapy to decrease the 
pituitary response to GnRH) and to monitor the size 
and volume  changes of the uterus and ovaries. 3   GnRH-a 
(GnRH agonist) medications are targeted at suppres-
sion of the pituitary-gonadal axis and downregulation 
of pituitary gonadotropin secretion, leading to a return 
to hypogonadal status as soon as possible. Serial ul-
trasound exams document regression in response to 
therapy (Fig. 7-9). 

 HYDROCOLPOS, HEMATOCOLPOS, 
HYDROMETRA, HEMATOMETRA, 
HYDROMETROCOLPOS, AND 
HEMATOMETROCOLPOS 

 Hydrocolpos is fl uid in the vagina; hematocolpos is blood 
in the vagina; hydrometra is fl uid in the uterus; hemato-
metra is blood in the uterus; hydrometrocolpos is fl uid 
in both; and hematometrocolpos is blood in both. Im-
perforate hymen, vaginal septum, duplication anoma-
lies with unilateral obstruction, or acquired obstructing 
lesions are the most common causes. 2,14,21,26  The cervix 
may also distend with blood. Causes include atresia or 
stenosis which may occur in association with vaginal 
atresia (Fig. 7-10). 2,3  These conditions may present in 
the neonatal period as an abdominal mass or bulging 
hymen; typically, they are not detected until menarche. 

condition could be increased androgen production due 
to a virilizing maternal condition where the uterus may 
or may not be present, or congenital adrenal hyperpla-
sia (CAH); a uterus is always present in this condition. 
A characteristic of CAH is adrenal gland enlargement 
with a cerebriform appearance. 

 A chromosomal male (46,XY) with feminized exter-
nal genitalia is considered a pseudohermaphrodite. This 
condition can be due to a decrease in androgens, poor 
target organs, or an enzyme defect. High serum testoster-
one to dihydrotestosterone ratios confi rm this  diagnosis. 
 Ultrasound of the pelvis may demonstrate müllerian struc-
tures. Androgen insensitivity commonly leads to inguinal 
hernias and may contain a testicle. The testicle may be 
found in the retroperitoneum or labia as well.  Patients 
with this condition may have one or two  testicles, or they 
may have one testicle and one streak gonad. 

 PRECOCIOUS PUBERTY 

 The onset of normal physiologic and endocrine pro-
cesses of puberty in girls before the age of 8 years is 
the defi nition of precocious puberty. This condition in 
its true form is  idiopathic in most cases and is second-
ary to activation of the hypothalamus-pituitary-gonadal 
axis. Laboratory tests reveal pubertal luteinizing hor-
mone (LH) and follicle- stimulating hormone response 
to GnRH, elevated levels of gonadal sex  steroids, and 
advanced bone age. The sequelae of precocious puberty 
typically follows the physical developmental sequence 
seen in normal children at puberty: breast develop-
ment, pubic and axillary hair appearance, then the com-
mencement of menstruation. The uterus and ovaries 
will also reach their postpubertal size as in adults, with 
a  corpus-to-cervix ratio of 1:1 (see Fig. 5-40). 3  Central 
nervous system lesions affecting the hypothalamus can 
lead to true precocious  puberty. 

 Adrenal or ovarian dysfunction can cause pseudo-
precocious or incomplete precocious puberty; this is 
not dependent on the pituitary gonadotropins. Patients 
may present with clinical signs that are the same as the 
true type, but menstruation is typically more irregular. 
 Ovarian-caused cases are accounted for by granulosa-
theca cell tumors 60% of the time. 26  Pseudoprecocious 
puberty has been caused by dysgerminoma, choriocar-
cinoma, arrhenoblastoma, follicular retention cysts, 
and autonomous function of an ovarian cyst in rare 
cases. Causes of adrenal origin include congenital hy-
perplasia, adenoma, and carcinoma. Occasionally, hy-
pothyroidism can cause breast development in prepu-
bertal girls, but this has not been reported to produce 
menses. 3  

 An association exists between patients with McCune-
Albright syndrome, a condition characterized by fi brous 
dysplasia of bone associated with café au lait skin pig-
mentation. Possible endocrine hyperfunction has also 
been associated with precocious puberty. Sonographic 
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visualization of low-lying obstruction and determina-
tion of the thickness of an obstructing vaginal septum. 
Scanlan and associates reported this technique. 

 Hydronephrosis and obstruction of venous and 
lymphatic channels of the lower extremity can be 
caused by severe distention. 3  In utero presentation can 
lead to  urinary tract obstruction associated with fetal 
anuria, oligohydramnios, and pulmonary hypoplasia 
(Fig. 7-12). 2  

   With the exception of pure imperforate hymen, hy-
drocolpos is often accompanied by other congenital 
malformations such as imperforate anus and urinary 
tract  anomalies, as well as genital, cardiac, and skeletal 
 anomalies. 2  Associated anomalies such as unilateral re-
nal agenesis or hypoplasia are possible, and a thorough 
 examination of the kidneys should be made to either 
identify or eliminate these diagnoses. In females with 
renal abnormalities,  uterine anomalies are present 48% 
to 70% of the time; but in all females, the incidence 
of uterine anomalies is only 0.1% to 0.5%. Therefore, 
fi ndings of renal anomalies in females should prompt 
investigation of the uterus. 2,3,5  Early diagnosis of a dou-
ble uterus with an obstructed hemivagina—where the 
septum must be resected surgically to avoid the pos-
sibility of pyocolpos due to closure spontaneously after 
drainage—can lead to conservative treatment, thus pre-
serving the maximum reproductive capability of these 
patients (Table 7-2). 

 OVARIAN TORSION 

 An infrequent yet important cause of abdominal pain 
is torsion of a normal or an abnormal ovary. 2  Rotation 
of the ovary about the ovarian pedicle causes sequen-
tial obstruction to the lymphatic and venous outfl ow 
and eventually arterial infl ow. Torsion of the ovary has 
a right-sided predominance ratio of 3:2 potentially due 

This condition represents 15% of abdominal masses in 
newborn females, surpassing the incidence of ovarian 
cysts by a small amount. 12  Newborn females’ uterine 
secretions may be increased by maternal hormones that 
can lead to distention of the uterus or  vagina proximal 
to the point of obstruction. 

 Sonographic appearance of hydrocolpos is a cys-
tic, pear-shaped mass in the midline arising from the 
 pelvis between the bladder and rectum. The mass may 
contain internal echoes resulting from cellular debris 
or blood; a fl uid–fl uid level may be present. A normal 
uterus can be identifi ed at the superior aspect of an iso-
lated  distended vagina. 1,26  The urinary bladder needs to 
be distended in order to distinguish the mass from the 
bladder (Fig. 7-11). 

 Vaginal reconstruction planning may be aided 
by transperineal sonography to visualize the entire 
length of the vagina. Sagittal and coronal scans allow 
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 Figure 7-9 Effects of GnRH on the hypothalamic-pituitary and re-
productive axis. GnRH is secreted by the hypothalamus in a pulsatile 
fashion, stimulating gonadotroph cells of the anterior pituitary gland 
to secrete LH and follicle-stimulating hormone (FSH). LH and FSH 
stimulate the ovaries or testes to produce the sex hormones estro-
gen or testosterone, respectively, which inhibit further release of LH 
and FSH. Exogenous pulsatile GnRH is used to induce ovulation in 
women with infertility of hypothalamic origin. Conversely, continu-
ous  administration of GnRH suppresses gonadotroph response to 
endogenous GnRH, and thereby causes decreased production of 
sex hormones. Analogues of GnRH with increased metabolic stabil-
ity and prolonged half-lives take advantage of this effect and are 
used to suppress sex hormone production in clinical conditions such 
as precocious puberty and prostate cancer. 

 Figure 7-10 Congenital absence of the lower one-third of the 
 vagina. MRI demonstrates that a uterus is present (A) as well as an 
upper vaginal pouch (B). The upper vagina has formed a hemato-
colpos which began soon after menarche and presented as a pel-
vic mass. 
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to partial immobilization of the left adnexa by its prox-
imity to the sigmoid mesentery. The fi rst decade of life 
is the most common time for torsion of the normal ad-
nexa, which is not as common as torsion of an ovary 
containing a mass (i.e., BCT or dysgerminoma). Mobil-
ity of the pediatric adnexa, which allows twisting at the 
mesosalpinx as a result of changes in intra-abdominal 
pressure or in body position, is thought to be the cause 
of this prevalence. An extrapelvic location of the twisted 
ovary is more common in prepubertal females. Torsion 
may involve the tube, the ovary, or both. For preserva-
tion of the ovary, surgical treatment must be carried out 
promptly. 12  

 Clinical symptoms of torsion include lower abdomi-
nal pain, usually of more than 48 hours, fever, lack 
of appetite, nausea, and vomiting. It is typical for the 
pain to be acute in onset, sharp, and radiate to the 
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 Figure 7-11 Hematocolpos in an 11-year-old girl.  A:  Longitudinal 
image of the midline pelvis shows a large, cystic, pear-shaped mass 
 (arrows)  measuring 7.5  �  7.3  �  11.7 cm. This cystic lesion is posterior 
to the urinary bladder and contains low-level echoes consistent with 
debris and/or blood.  B:  Longitudinal image of the superior portion of 
the cystic mass reveals a normal shaped uterus  (open arrows)  continu-
ous with the cystic structure. This confi rms the cystic mass is a fl uid-
fi lled vagina.  C:  Transverse image of the lower pelvis shows a round 
cystic mass  (arrows)  posterior to the urinary bladder with a  fl uid– fl uid 
level representing a blood-fi lled, distended vagina.  BL ,  bladder; 
 UT,  uterus.  (Images courtesy of Helen DeVos Children’s  Hospital, 
Grand Rapids, MI.)

groin or fl ank.  Fever and increased white blood cell 
count usually indicates that  necrosis or abscess for-
mation has  begun. Half of patients with a history of 
pain have spontaneous recovery. 2,3  This can lead to di-
agnostic confusion, especially in the case of pediatric 
patients, whose symptoms may be attributed to such 
entities as appendicitis, gastroenteritis,  pyelonephritis, 
 intussusception, or Meckel’s diverticulitis. Pelvic ul-
trasound can be used to exclude these other causes of 
acute pelvic pain. 

 The sonographic appearance of ovarian torsion 
is varied, may be nonspecifi c, and includes a mark-
edly enlarged ovary (mean volume may be 28 times 
normal), cul-de-sac fl uid, peripheral structures most 
likely representing follicles, and other adnexal lesions 
such as a cyst or tumor. 2,3  When cul-de-sac fl uid is 
caused  exclusively by ovarian torsion, it is usually a 
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late manifestation and associated with hemorrhagic, 
necrotic ovarian tissue. 2,3  Vascular congestion in the 
mass causes good sound transmission and numerous 
internal echoes. The appearance of a solid mass can 
be caused by abnormal venous and lymphatic drain-
age, leading to marked ovarian enlargement caused 
by incomplete torsion. The sonographic appearance 
of massive ovarian edema caused by either partial or 
intermittent torsion varies from solid to multicystic to 
complex. It is unclear whether the torsion is the pri-
mary event or the result of the enlarged size of the 
ovary. 2,7  When torsion is found in conjunction with an 
intraovarian mass, a complex pelvoabdominal mass is 
usually identifi ed. 

 The diagnosis of ovarian torsion may be aided by 
spectral and color fl ow Doppler. 2,3,7  First, image the 
normal ovary to establish the proper technical factors. 
Next, examine the abnormal side for the presence or 
absence of fl ow. 2,7  Venous fl ow is absent although ar-
terial perfusion may be variable depending on the de-
gree of vascular compromise; therefore, it is possible 
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 Figure 7-12    Normal sagittal neonatal kidney with fetal lobulations (A) and hydronephrosis  (B).  Normal transverse kidney  (C)  and hydrone-
phrosis  (D).  (Images courtesy of Philips Medical Systems, Bothell, WA.) 

 TABLE 7-2 

 Differential Diagnoses of Cystic and Solid 
Gynecologic Masses or Their Simulators in Children 

 Cystic Solid 

 Anterior meningocele Chordoma neuroblastoma 
 Neurenteric cysts Ganglioneuroma 
 Retrorectal cysts Neurofi broma 
 Ectopic kidney  Sacral bone tumors
 (hydronephrotic) 
 Massive hydroureter Retroperitonealsarcomas 
 Bladder diverticulum Lymphosarcoma 
 Hydrosalpinx Rhabdomyosarcoma 
 Ovarian cyst Yolk sac carcinoma 
 Hydrometrocolpos Intussusception 

for blood fl ow to be documented in the torsed ovary 
(Fig. 7-13). 

 Differential sonographic diagnosis includes  ovarian 
neoplasm, ectopic pregnancy, hemorrhagic cyst, PID, 
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 Figure 7-13 13-year-old with pelvic pain.  A:  Contrast-enhanced axial CT image shows a complex 10-cm ovarian mass  (arrows)  posterior to the 
uterus and displacing the uterus to the right. There is mild peripheral enhancement of the lesion. The uterus and left ovary appear normal. 
 B:  Sagittal midline ultrasound image of the pelvis shows a normal uterus and endometrium with an oval, cystic mass seen posterior to the uterus 
 ( arrows).   C:  Sagittal image of the pelvic mass shows a large anechoic cyst surrounded by ovarian tissue measuring 10.1  �  5.5  �  9.1 cm  (arrows).  
Color Doppler imaging using the same imaging parameters used on the contralateral ovary demonstrate a lack of vascularity within the mass. 
 D:  Transverse image of the pelvis corresponding to the CT exam performed 1 week prior. A large mass containing a cystic structure is seen in 
the posterior, left pelvis  (arrows)  resulting in deviation of the uterus anterior and to the right. A normal right ovary was not identifi ed; therefore, 
this mass most likely represents a torsed right ovary. At surgery, the ovary was black, necrotic, and torsed.  BL , bladder;  UT , uterus. (Images 
courtesy of Helen DeVos Children’s Hospital, Grand Rapids, MI.) 
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and periappendiceal abscess. Thorough clinical history 
 coupled with a proper index of suspicion in the face 
of a clinical history that is atypical for these diagnoses 
may lead to early diagnosis of torsion and preservation 
of the ovary. 2,3  

 Some authors have been advocates for oophoropexy 
on the noninvolved side, tacking the ovary to the broad 
ligament or pelvic sidewall to prevent ovarian torsion. The 
thought process behind this decision is that subsequent 
torsion of the ovary in a female with prior oophorectomy 

prevents both emotional and reproductive concerns in this 
population. 

 PATHOLOGY DIAGNOSTIC CRITERIA 

 Sonographic diagnostic criteria are in general described 
the same for pediatric pelvic examinations as they are 
for the adult population. Terminology for masses is 
 either  cystic, solid, or complex. Ascites, irregular bor-
ders, or papillary projections with thickened septa in a 
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 • Fibrovascular septi of the dysgerminoma demon-
strate prominent arterial fl ow. 

 • Laboratory values of hCG, LDH, and AFP help differ-
entiate torsion and abscesses from other neoplastic 
processes. 

 • In the child with ambiguous genitalia, sonography 
aids in gender determination through visualization of 
the uterus, ovaries, and/or testicles. 

 • Hydrocolpos, hematocolpos, hydrometra,  hematometra, 
hydrometrocolpos, and hematometrocolpos are all 
variations of fl uid or blood within the uterus and va-
gina due to some type of obstruction. 

 • Congenital and mechanical uterine, ovarian, and re-
nal anomalies often coexist. 

 • Ovarian torsion occurs more often on the right side. 
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 SUMMARY 
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and endocrine processes can result in precocious 
 puberty. 

 A premenstrual 11-year-old girl presents to the depart-
ment with complaints of right lower quadrant pain, 
fever, nausea, and vomiting for the last 2 days. Labora-
tory fi ndings include an increased white blood count. 
The sonographic examination shows a normal uterus 
and left ovary. There is fl uid in the posterior cul-de-sac 
and a complex, cylindrical right-sided mass. On color 
Doppler, this mass has a hyperemic appearance. Dis-
cuss differential diagnoses for this clinical scenario. 
  ANSWER:  At fi rst glance, this would appear to be non-
specifi c to ovarian torsion, appendicitis,  hemorrhagic 

Critical Thinking Questions
cyst, pelvic infl ammatory disease, or ovarian  neoplasm. 
As the patient is virginal and not sexually active, it is 
unlikely that there would be an ectopic  pregnancy. PID 
can image as a tubular structure  lateral to the uterus; 
however, in this patient, this diagnosis is unlikely. The 
symptoms include right lower quadrant (RLQ) pain, 
fever, nausea and vomiting, and the increased white 
blood count. The fi nding of hyperemia of the right-sid-
ed mass gives us our best clue. In the case of  torsion, 
there would be lack of fl ow. The most likely cause for 
this patient’s symptomology is a case of  appendicitis. 
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 8  Benign Disease of the 
Female Pelvis
 Susan Raatz Stephenson 

 OBJECTIVES 

 List benign neoplasms of the vagina, cervix, uterus, and ovaries 

 Describe the sonographic and complementary imaging appearance of benign 
neoplasms of the female reproductive organs 

 Summarize the results of surgery and trauma to the uterus (i.e., synechiae, uterine, and 
dehiscence) 

 Distinguish extrauterine masses such as abscesses, hematomas, lymphoceles, and 
appendicitis from uterine masses 

 List types of ovarian cysts as well as their cause and their sonographic appearance 

 Explain the results and imaging appearance of ovarian torsion 

 KEY TERMS 

 nabothian cysts  |  endometrial hyperplasia  |  Asherman’s syndrome  |  synechiae  |  
uterine dehiscence  |  leiomyoma  |  abscess  |  hematoma  |  lymphocele  |  appendicitis  |  
hydrosalpinx  |  functional cyst  |  follicular cyst  |  corpus luteum cyst  |  theca lutein cysts 
 |  hemorrhagic cyst  |  torsion  |  polycystic ovary syndrome (PCOS)  |  cystic teratomas 
 |  dermoid  |  mucinous cystadenoma  |  serous cystadenoma  |  Brenner tumor  |  
thecoma-fi broma  |  granulosa stromal tumor  |  gonadoblastoma  |  Sertoli-Leydig cell 
tumor  |  Meigs’ syndrome 

 GLOSSARY 

 Adhesiolysis Surgical removal of adhesions (scar tissue) 

 Anovulation Failure to ovulate 

 Chorioadenoma destruens Form of carcinoma that 
grows into the uterine musculature 

 Crohn’s disease Infl ammation of the bowel 

 Electrosurgery Surgery performed with an electrical 
device such as an electrocautery 

 Endometrioma Blood-fi lled ovarian cyst resultant from 
endometriosis implants 

 Follicle-stimulating hormone (FSH) Hormone pro-
duced by the anterior pituitary gland that stimulates 
growth of the Graafi an follicle 

 Hirsutism Excessive hair on a woman 

 Hydatidiform mole Genetically abnormal pregnancy 
that develops into a grape-like mass with the uterus 

 Hyperandrogenemia Increased testosterone levels 
 associated with polycystic ovary syndrome (PCOS) 

 Hyperandrogenism Excessive production/secretion of 
androgens 

 Hysteroplasty Reconstructive surgery of the uterus 

 Hysteroscope Instrument allowing visualization of the 
uterus 

 Involute Collapsing and rolling inward 

 Luteinizing hormone (LH) Hormone produced by the 
anterior pituitary gland that stimulates ovulation 

 Lysis Breaking up of tissue 

 Menorrhagia Abnormally heavy or prolonged menses 

 Oligoanovulation Infrequent ovulation 

 Oligomenorrhea Infrequent menses 

 Omentum Peritoneal fold supporting the abdominal 
viscera 

 Placenta accrete Growth of the placenta into the 
 myometrium 

 Placenta previa Implantation of the placenta in the 
lower uterine segment or on the cervix 

 Psammoma bodies Microscopic collection of calcium 
associated with specifi c tumor types 
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 Imaging Findings 
 Sonography 

 Sonography, particularly endovaginal (EV) imaging, 
helps cyst detection within the cervix. Sizes range from 
as small as 3 mm to 3 cm. Sonographically, these cysts 
image as smooth bordered, fl uid-fi lled masses. A com-
mon fi nding of artifactual enhanced transmission with 
refractive edge shadowing (Fig. 8-2) may be eliminated 
through technique adjustments. Proper imaging tech-
niques help the sonographer avoid confusing the nabo-
thian cyst with developing ovarian follicles or loculated 
pelvic fl uid. 

 Magnetic Resonance Imaging 

 Nabothian cysts image easily on the magnetic reso-
nance imaging (MRI) examination. These incidental 
fi ndings display as an intermediate to high intensity 
signal on the T2-weighted image. The diffi culty with 
the fi nding of the inclusion cyst is that it often mimics 
malignant pathology of the cervix (Fig. 8-3). 4  

 Treatment 

 Nabothian cysts are not usually treated if they are small 
and asymptomatic. If malignancy cannot be ruled out 
or they become large, drainage may be necessary. 5  

 Polyps 
 Cervical polyps are the most common benign neoplasms 
of the cervix. Found in at least 4% of women, they 
most often occur in multigravidas in the perimenopaus-
al and postmenopausal years. Usually asymptomatic, 
cervical polyps may be a cause for profuse bleeding or 

 Radiodense (radiopaque) Tissue that absorbs X-rays 
appearing white on the resulting radiograph 

 Red degeneration Hemorrhage into a leiomyoma that 
has outgrown its blood supply 

 Tamoxifen Anti-estrogenic drug used to decrease the 
 occurrence of certain estrogen-sensitive breast cancers 

 Uterine dehiscence Partial separation of the 
 myometrium at the location of uterine scar 

 The diagnostic ultrasound examination has become 
the modality of choice to evaluate the organs of the 
female pelvis because of the ease of imaging the female 
reproductive system. Pathology found during the sono-
graphic examination often shares features of malignant 
and benign disease, requiring correlation with clinical, 
laboratory, and pathologic fi ndings. This chapter focus-
es on benign disease of the female pelvis ranging from 
leiomyomas found in the uterus to ovarian fi ndings of 
physiologic cysts and multistructure processes such as 
a tubo-ovarian abscess or neoplasm. 

 THE UTERUS 
 THE CERVIX 

 Anomalies of uterine development are relatively fre-
quent. They can be divided into those caused by abnor-
mal uterine fusion (see Chaps. 2 and 3), those caused 
by abnormal cervical function (incompetent cervix), 
and those produced by maternal exposure to diethylstil-
bestrol (DES). Benign conditions that may produce an 
enlarged cervix include cervical leiomyoma, nabothian 
cysts, and cervical polyps (Table 8-1). 

 Nabothian Cysts/Inclusion Cysts 
Nabothian or inclusion cysts are located within the cer-
vix at the opening of a nabothian duct. The cyst forms 
due to retention of nabothian gland secretions.  1,2  This 
normal asymptomatic variation is a common fi nding in 
the adult cervix and is often noted after pregnancy or 
chronic cervicitis (Fig. 8-1). 3  

TABLE 8-1

Benign Lesions of the Vagina, Cervix, and Uterus

Lesion Ages Affected Sonographic Characteristics

Gartner’s duct cyst Reproductive years  Anechoic fl uid-fi lled mass with well-defi ned margins and good through-
 transmission. Located in the anterolateral wall of the vagina.

Nabothian cyst Usually seen after pregnancy  Fluid-fi lled mass located in the cervical canal, often with refractive edge 
 shadowing.

Polyps (endometrial) Peri menopausal and Appear increased in echogenicity when compared to the surrounding 
  postmenopausal   endometrium. May be focal or diffuse.
Leiomyoma Reproductive years May be increased, decreased, or same echogenicity as myometrium. 
 (myoma, fi broids)    Hyaline degeneration; anechoic mass with poor sound transmission. 

Cystic degeneration: anechoic mass with good sound transmission. 
Calcifi c degeneration: echogenic focal areas with distal acoustic 
shadowing.
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 Myomas 
 Cervical myomas share similar histology to myomas 
(leiomyomas) of the uterine corpus. Most of the small, 
asymptomatic cervical myomas comprise from 3% to 
8% percent of these types of neoplasms. If symptoms 
do occur, they may include dyspareunia, dysuria, ur-
gency,  genitourinary obstruction, cervical obstruction, 
prolapse, bleeding, and obstructed labor. Depending 
on the age and reproductive plans of the patient, the 
clinician may choose to resect symptomatic lesions or 
perform a hysterectomy. 7  Sonographically, cervical my-
omas may distort the cervix and present a sonographic 
pattern similar to that of corpus myomas. Serial sono-
graphic examinations aid in observation of growth of 
the  asymptomatic tumors. 

discharge. 3  Polyps are usually attached to the cervical 
wall by a pedicle and may reach a size of several cen-
timeters. 3  Although it is easier to identify small polyps 
with the EV approach than transabdominally, they may 
be diffi cult to identify sonographically because of their 
size. Occasionally, a pedunculated intracavity or cervi-
cal leiomyoma protrudes through the os, mimicking the 
polyp (Fig. 8-4). 3,4  

 Treatment 

 Asymptomatic polyps do not need removal. If they 
 begin to bleed, grow large, or have an unusual appear-
ance on visual examination, removal becomes war-
ranted. Removal of a cervical polyp is achieved through 
twisting or use of forceps. 6  

Figure 8-1 Variations in the cervical surface. Two kinds of epithelia 
may cover the cervix: (1) shiny pink squamous epithelium, which re-
sembles the vaginal epithelium, and (2) deep red, plushy columnar 
epithelium, which is continuous with the endocervical lining. These 
two meet at the squamocolumnar junction. When this junction is at 
or inside the cervical os, only squamous epithelium is seen. A ring 
of columnar epithelium is often visible to a varying extent around 
the os—the result of a normal process that accompanies fetal de-
velopment, menarche, and the fi rst pregnancy. With increasing es-
trogen stimulation during adolescence, all or part of this columnar 
epithelium is transformed into squamous epithelium by a process 
termed metaplasia. This change may block the secretions of colum-
nar epithelium and cause retention cysts (sometimes called nabo-
thian cysts). These appear as one or more translucent nodules on the 
cervical surface and have no pathologic signifi cance.

Retention cyst

Figure 8-2 Long-axis EV image of the cervix in an anteverted uterus. 
A rounded, fl uid-fi lled mass (arrows) demonstrates posterior enhance-
ment and refractive edge artifacts consistent with a nabothian cyst.

Figure 8-3 Nabothian cyst seen on a high-resolution T2-weighted 
MRI image performed axial with respect to cervix shows two small 
nabothian cysts (arrow). Note zonal anatomy of cervix (arrowhead) 
and normal right ovary with follicles (thin arrow).

Figure 8-4 A cervical polyp usually arises from the endocervical 
canal, becoming visible when it protrudes through the cervical os. 
It is bright red, soft, and rather fragile. When only the tip is seen, 
it cannot be differentiated clinically from a polyp originating in the 
endometrium. Polyps are benign but may bleed.
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nonspecifi city of the sonographic fi ndings, a biopsy be-
comes necessary to confi rm diagnosis. 10  

 The three-dimensional (3D) examination of the 
patient with endometrial hyperplasia has the add-
ed benefi t of imaging anatomy on planes absent on 
 two-dimensional (2D) imaging. The coronal plane, 
only seen with the multiplanar reconstructions done 
with the 3D data set, allow for further evaluation of the 
uterine lining (Fig. 8-7). The superimposition of color 
Doppler information onto the reconstructed 3D image 
helps to distinguish a benign from a malignant process. 
A study done by Hosny et al. confi rmed the peripheral 
location of regularly separated vessels with the hyper-
plastic endometrium. Couple the color fi nding with a 
resistive index (RI) of greater than 0.5 in the endome-
trium and 0.85   �   0.08, and the probability of a benign 
process increases. 12  

 Treatment 

 Asymptomatic cervical myomas require no treatment. If 
symptoms become present with a small to medium leio-
myoma, a myomectomy allows for removal of the mass; 
very large myomas may require a total  hysterectomy. 8  

 THE ENDOMETRIUM 

 Endometrial Hyperplasia 
 Excessive growth of the endometrium is a condition 
called endometrial hyperplasia. High hormone levels 
cause the endometrium to thicken due to high levels 
of estrogen (i.e., as a result of fertility treatments, hor-
mone replacement therapy [HRT], or tamoxifen therapy 
[Fig. 8-5]). Hyperplasia of the endometrium has also 
been seen in patients with diabetes, obesity, persis-
tent anovulatory cycles, and polycystic ovary disease. 
 Estrogen-producing ovarian neoplasms such as the theca 
and granulosa cell tumor also result in the development 
of a thick  endometrium. Since endometrial hyperplasia 
increases a woman’s risk for development of endome-
trial cancer, close monitoring becomes important. 9,10  

 Hyperplasia is the most common cause of abnormal 
uterine bleeding in women, with the upper limit endo-
metrial thickness of 14 mm 3  in premenopausal woman, 
10 mm 11  in women on tamoxifen, and 8 mm 3  in post-
menopausal women. All measurements include the an-
terior and posterior layer of the endometrium. 

 Imaging Findings 
 Sonography 

 The main sonographic fi nding is one of a thickened en-
dometrium (Fig. 8-6). The homogeneous, heterogenic 
endometrium with small cystic areas—which represent 
dilated cystic glands, cystic atrophy, or endometrial 
polyps—indicate a benign process. 12  Because of the 

Figure 8-5 A 62-year-old woman with postmenopausal  bleeding 
undergoing tamoxifen therapy. EV long-axis view of the uterus 
 reveals a thickened endometrial lining (19 mm) with cystic changes. 
A polyp was confi rmed.

Figure 8-6 This EV image demonstrates a thickened endometri-
um (arrows) seen with endometrial hyperplasia. (Image courtesy of 
 Philips Medical Systems, Bothell, WA.)

Figure 8-7 The multiplanar display of the 3D data set results in an 
image of the coronal plane. The coronal image, displayed as frame 3, 
has been reconstructed in frame 4 as the volume. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)
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 During the hysterosalpingogram, a radiographic pro-
cedure, synechiae appear as fi lling defects within the 
uterine cavity. These areas display as darker than the 
surrounding contrast material and can be followed to 
the uterine wall. Care must be taken to differentiate 
uterine folds, which appear as linear fi lling defects par-
allel to the uterine walls from adhesions (Fig. 8-9). 18  

 Treatment 

 Removal or rupture of the intrauterine adhesions is un-
der direct visualization through a hysteroscope. This 
procedure takes the form of adhesion rupture, cutting 
of adhesions with scissors, and excision through elec-
trosurgery or using via a laser. 15  

 THE MYOMETRIUM 

 Uterine Dehiscence 
 C/S is a common procedure performed in developed 
countries. The safety of this procedure has become an 
assumption; however, any  surgery raises the risk for 
development of pelvic adhesions, uterine dehiscence 
(scar rupture), and future placental implantation com-
plications (placenta previa and accreta). 19  Other causes 
for uterine scarring include myomectomies and in-
strument perforation. 20,21  Though a rare complication, 

 Treatment 

 The American Congress of Obstetricians and Gynecolo-
gists (ACOG) suggests hysteroscopy and dilation and 
curettage (D&C) for use in patients with endometrial 
hyperplasia. 13  Other treatments, depending on the type 
of hyperplasia present and the fertility status of the pa-
tient, include progesterone treatment using an oral med-
ication, or an intrauterine contraceptive device (IUCD) 
delivery method. 14  In extreme cases, a hysterectomy 
may also be recommended. 14  

 Asherman’s Syndrome/Synechiae 
 Adhesions of the endometrium develop as a result of 
trauma to the uterine lining. This includes a history of 
cesarean section (C/S) and the D&C often performed 
during an elective abortion or as a result of a pregnancy 
failure. The D&C performed for placental fragment re-
tention also increases the risk of developing synechiae. 
After the procedure, the damaged endometrial surfaces 
heal into the adhesion. As a result, the patient may ex-
perience fertility problems or recurrent pregnancy loss. 

 Imaging Findings 
 Sonography 

 Hysterosonography, hysterosonosalpingography, and 
sonohysterography are similar terms describing the 
saline injection procedure performed with ultrasound 
guidance. Chapter 31 provides a detailed description of 
this procedure (Fig. 8-8). 

Lysis (hysteroplasty) of the uterine synechiae with a 
hysteroscope allows for direct treatment of the adhesion.  A 
laparoscope, in conjunction with the hysteroscope, may be 
used for complicated cases to perform adhesiolysis. 10,15,16  

 Hysterosalpingography 

 Hysterosalpingography (HSG) has been the gold stan-
dard in diagnosing pathology of the uterine cavity 
and tubes. This procedure occurs through the use of 
 radiographic fl uoroscopy and the injection of contrast 
material through the cervix into the uterus. To prevent 
radiation exposure to an early pregnancy, this proce-
dure occurs during the fi rst portion (day 7 to 12) of 
the woman’s cycle. 17,18  Complications of this procedure 
include bleeding, infection, contrast reaction, perfora-
tion of the uterus, and radiation exposure of an early 
pregnancy. 

Figure 8-8 Saline infusion sonohysterography (SIS) revealing an 
intrauterine synechiae (star) and an adhesion (arrow). Note the 
 decrease in sector size (increasing the line density within the sector) 
and depth to increase the image detail.

PATHOLOGY BOX 8-1

Asherman’s Syndrome10,17

Signs and Symptoms Diagnosis  Endometrial Sonographic Appearance

• Normal to absent menses
• Recurrent miscarriage
• Infertility

• Hysteroscope
• HSG
• Sonohysterography (SHG)

• 2D imaging: normal or hypoechoic
 bridgelike bands
•  Sonohystogram: bridging tissue bands; cavity 

distortion; thin, free-fl oating membranes; lack of 
distention in the presence of thick membranes
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of C/S scarring with EV imaging. The majority were in 
a location close to the internal os. 19  

 The LUS consists of the uterine muscularis and 
bladder mucosa to include the visceral–parietal peri-
toneum. This section of the uterus images as two 
echogenic  layers, which contrasts to the hypoecho-
ic myometrium. 23  Identifi cation of the scar occurs 
through the location of linear or triangular hypoecho-
ic areas in the LUS and thinning of the endometrium 
and  myometrium (Fig. 8-10). The retrofl exed LUS had 
a 50% increase in scarring possibly due to tension on 
the healing wound. 

 MRI 

 MRI may be used in addition to ultrasound to confi rm 
the extent of myometrial separation, especially in the 
case of suboptimal or confusing sonographic fi ndings. 20  
The ability to obtain images without the use of contrast 
or radiation has led to the use of MRI in fetal imaging. 
In the case of uterine rupture, MRI detail allows imag-
ing of the separate uterine muscle layers (Fig. 8-11). 24  

 Treatment 

 Defect closure at the C/S location include hysteroscopy, 
laparoscope-vaginal combinations, and laparotomy. 25  
Severe cases may require a hysterectomy. 

uterine scar dehiscence becomes an acute event dur-
ing pregnancy often resulting in  maternal and fetal 
 morbidity. 19  This condition is the separation of the uter-
ine myometrium with an intact peritoneum. In the case 
of a gravid uterus, the fetal membranes remain intact. 20  
This section focuses on scar rupture in the nongravid 
uterus. 

 Imaging Findings 
 Sonography 

 The best method to identify the C/S scar in the uterus 
is to image the lower uterine segment (LUS) with an 
EV transducer. 20,22  The majority of cesarean deliveries 
use a transverse segmental uterine incision just supe-
rior to the bladder. This results in uterine scarring on 
the anterior section of the uterus at the internal os of 
the cervix. 22  A study by Ofi li-Yebovi et al. confi rmed 
previous fi ndings of the ability to identify 95% or more 

Figure 8-9 A: Filling defect typical of a marginal synechiae. In this case, the adhesion is circular and is visible on both lateral contours of the 
hysterogram. B: Intrauterine adhesions showing a persistent fi lling defect with hourglass appearance (i.e., column-shaped adhesion stretching 
between anterior and posterior walls of the uterus).

BA

Figure 8-10 C/S scar rupture. Note the thinning and hypoechoic 
area extending from the internal os into the cervical  tissue (arrow). 
(Image courtesy of Philips Medical Systems, Bothell, WA.)

PATHOLOGY BOX 8-2

Uterine Scarring/Dehiscence20,22

Symptoms Sonographic Findings

• Pain • LUS thickness 1.5 mm
• Dysmenorrhea •  Triangular or linear anechoic 

area at the C/S site
 •  4–6 mm deep defect into

the myometrium
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 Degenerative Changes 

 Degeneration occurs when myomas outgrow their blood 
supply. The extent of degeneration depends on the se-
verity of the discrepancy between the leiomyoma’s 
growth and its blood supply, 26  with up to two-thirds of 
all myomas demonstrating some form of degeneration. 
The signs and symptoms of degeneration depend on 
the size and location of the leiomyoma. Various types 
of degeneration can occur, including hyaline, myxoma-
tous, cystic, calcifi c, fatty, red degeneration (hemor-
rhagic), and necrosis. 26–28  Pain may indicate some form 
of a degenerative process or may be the result of torsion 
of a pedunculated leiomyoma or large tumor pressing 
on pelvic nerve roots. 

 In hyaline degeneration, smooth muscle cells are re-
placed by fi brous tissue. In cystic degeneration (4%), 
degeneration of hyaline tissue occurs, which leads to 
liquefaction necrosis. Calcifi c degeneration occurs most 
often after menopause 29  and is easily recognized sono-
graphically (Fig. 8-14). Red degeneration is an acute 
form resulting from muscle infarction and occurs more 
commonly during pregnancy. 27  This may cause acute 
pain requiring surgical treatment. If laparotomy or myo-
mectomy is necessary in the pregnant patient, there is 
usually a favorable maternal and fetal outcome. 27  

 Signs and Symptoms 

 The size and location of myomas determine the symp-
tomatology; however, many women with myomas have 
no symptoms. Submucous and intramural myomas that 
distort or deviate the endometrial cavity often result in 

 Leiomyoma 
 Leiomyomas are the most common tumor of the female 
pelvis. They have been estimated to occur in 20% to 
30% of women of reproductive age. 24  The rate of occur-
rence is markedly greater in African Americans than 
Whites, 3,26  and there is a familial pattern to develop-
ment of these benign tumors. A woman with a mother 
or sister with myomas has a 40% chance of developing 
myomas in her lifetime. 26  The cause of leiomyoma is 
unknown; however, they typically arise after menarche 
and regress after menopause, implicating estrogen as 
a promoter of growth. 10,24  Patients on tamoxifen treat-
ment may see an increase in leiomyoma growth. 10  

 Uterine leiomyomas are benign tumors of smooth 
muscle cells and fi brous connective tissue arising from 
uterine smooth muscle. Other frequently used descrip-
tive terms include leiomyoma, myoma, leiomyomata, 
and fi bromyoma. They may be single or multiple and 
variable in size, and they are surrounded by a pseudo-
capsule of compressed muscle fi bers. 3,24,27  Leiomyomas 
affect any area of the uterus and are described by their 
relation to the uterine cavity. Those located within the 
myometrium are termed intramural, whereas the sub-
mucous forms lie beneath the endometrium and often 
protrude and distort the endometrial cavity. Subsero-
sal or serosal myomas are at the serosal surface of the 
uterus, projecting into the peritoneal cavity. This clas-
sifi cation often includes pedunculated myomas that im-
age as an extrauterine neoplasm (Fig. 8-12). Five to 10 
percent of myomas are submucosal, and these are the 
most symptomatic. 3  Subserosal myomas may become 
pedunculated at times and are the most diffi cult to as-
sess sonographically. The term parasitic myoma is used 
when the blood supply of a leiomyoma is from other 
organs (Fig. 8-13). These myomas may be attached to 
the omentum or intestine or may grow laterally into the 
broad ligament. 3  

Figure 8-11 Uterine dehiscence following C/S. Sagittal T2-weighted 
image of uterus in patient with pain and bleeding after C/S. Note 
disruption of myometrium at the incision site (arrows).

Figure 8-12 Possible locations of myomas. This schematic  diagram 
illustrates the many locations at which myomas may develop. 
 Symptoms related to heavy vaginal bleeding are generally greater 
when the myoma is in close proximity to the endometrial cavity, with 
serosal tumors able to attain large size with virtually no change in 
menstrual bleeding. Fibroids can develop anywhere in the uterus, 
with the cervix having proportionally fewer because of its lower 
 complement of myometrial cells.

Subserosal

Serosal

Intracavity
(prolapse)

Submucosal

Intraligamentary

Pedunculated



 182 PART 1 — GYNECOLOGIC SONOGRAPHY

of the endometrial lining is present. Different surgical 
approaches may be used depending on the position and 
size of the myomas. 

 Because leiomyomas can enlarge the uterus consid-
erably and may present outside the uterus in a pedun-
culated form, care must be taken to demonstrate the 
entire pelvic area to document both uterine and extra-
uterine myomas. A pedunculated leiomyoma can be 
mistaken for a number of conditions, including bicor-
nuate uterus, blind uterine horn, ovarian mass, hyda-
tidiform mole, and ectopic pregnancy (Fig. 8-15). 26  The 
use of complementary imaging modalities, such as so-
nography, radiography, MRI, and contrast studies, may 
be necessary to confi rm diagnosis. 

abnormal bleeding that presents clinically as menorrha-
gia, but intermenstrual spotting and irregular periods 
may also occur. A very large myomatous tumor may 
result in increasing abdominal girth with or without as-
sociated pain. 15,28  A leiomyoma pressing on the bladder 
anteriorly often produces urinary frequency and urgen-
cy exaggerated perimenstrually. 26  A posterior leiomyo-
ma may produce rectal pressure, causing constipation or 
lower back and leg discomfort and swelling. 3  

 Imaging Findings 

 Imaging the leiomyoma becomes important, as large 
myomas can disrupt uterine contour more than smaller 
ones. Multiple large subserosal myomas may result in 
an enlarged uterus with a lobulated contour; large intra-
mural and submucous myomas may distend the uterine 
cavity and distort the endometrial lining. It is important 
to indicate the location of myomas, whether subserosal, 
intramural, and/or submucosal, and whether distortion 

Figure 8-13 A parasitic myoma. A large tumor has 
become parasitic to a loop of small bowel, deriv-
ing its blood supply from the new vascular source. 
This typically only happens with large posterior or 
fundal tumors and is more common when they are 
pedunculated. The mechanism is felt to be pres-
sure necrosis and revascularization during healing 
of the necrosis of the bowel wall.

Figure 8-14 This large, complex mass with cystic degeneration 
was located anterior to the uterus and proved to be a degenerating 
 pedunculated myoma.

Figure 8-15 A moderately large myoma (7 � 5.3 cm) connected to 
the fundus of the uterus by a thin stalk (peduncle). A push–pull tech-
nique (sliding the scanning hand back and forth so that the trans-
ducer is in the proximal and distal portion of the vagina) with the 
vaginal transducer can often help identify the stalk of the myoma 
and its movement. (Image courtesy of Joe Antony, MD, Cochin, In-
dia. From the website at: http://www.ultrasound-images.com/fetus-
general.htm.)

http://www.ultrasound-images.com/fetus-general.htm
http://www.ultrasound-images.com/fetus-general.htm
http://www.ultrasound-images.com/fetus-general.htm
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 Sonography 

 Routine sonography for imaging of myomas allows 
for assessment of dimensions, number, and location 
of tumors. 2  As with all imaging modalities, the leio-
myoma measurement includes three dimensions: 
length, width, and height. Frequently, the sonographer 
may need to use the lowest-frequency transducer pos-
sible, increase the overall and time gain compensation 
(TGC), and increase the output power because myo-
mas tend to attenuate the sound beam, which in turn 
makes it diffi cult to defi ne the posterior wall of the tu-
mor.  Serial examinations help monitor and document 
interval growth. The enlarged uterus compromises the 
physical assessment completed by the clinician of the 
adnexa. In these instances, sonography is an excellent 
modality to evaluate the ovaries. Frequently, with a 
large myomatous uterus, the ovaries are low in the pel-
vis, requiring EV evaluation. The extremely high ovary 
images better with a transabdominal approach. The 

enlarged uterus often obstructs the ureters, resulting 
in hydronephrosis and underscoring the importance of 
imaging the kidneys. 

 A wide range of sonographic fi ndings is associ-
ated with myomas. 9,30  The sonographic appearance 
of myomas depends on their size, location, and 
whether degeneration exists. Small myomas appear 
as subtle changes in myometrial echogenicity and 
may displace the endometrial cavity echo (Fig. 8-16). 
 Degeneration may be present and can range from hy-
poechoic to  echogenic. Cystic degeneration can cause 
 hypoechoic areas within the leiomyoma. A whorled 
internal architecture may be seen when bundles of 
smooth muscle and fi brous tissue are arranged con-
centrically within a leiomyoma. Red degeneration 
can present as medium echoes with good through-
transmission. 31  

 Calcifi c degeneration is commonly seen and sono-
graphically is recognized as clusters of bright refl ectors 

A B

C

Figure 8-16 A: Submucosal myoma on a longitudinal EV image 
 appears as a hypoechoic mass distorting the endometrial echo. B: Sag-
ittal T2-weighted MRI image shows a submucosal myoma (arrow) cen-
tered in the endometrial cavity. C: Radiographic view of submucosal 
myoma, which images as a darker fi lling defect within the uterine cav-
ity. (Sonographic image courtesy of GE Healthcare,  Wauwatosa, WI.)
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that are associated with a distal acoustic shadow. The 
calcifi ed leiomyoma should not be confused with arcu-
ate artery calcifi cations. The radiograph shows a cal-
cifi ed leiomyoma as a radiodense (white) area within 
the pelvis. A leiomyoma that has undergone this 
type of degeneration usually images as a larger mass 
with posterior shadowing on the sonographic image. 
 Calcifi cations of the arcuate arteries of the uterus image 
as bright echoes in the periphery of the uterus. Both 
types of calcifi cations are considered benign  processes 
(Fig. 8-17). 

 Large myomas in the anterior and posterior uterine 
musculature can cause extrinsic compression of the uri-
nary bladder and rectum that appears sonographically 
to indent the usually smooth uterus-bladder and rec-
tum interface. See Figures 8-18, 8-19, 8-20, and 8-21 for 
examples of myomas. 

 MRI 

 Studies indicate that MRI may, in some instances, 
 visualize leiomyomas better than ultrasound. 25,32  MRI 
evaluation may be recommended to locate myomas be-
fore surgery, 25  but this diagnostic examination is much 
more expensive than an ultrasound examination (Figs. 
8-16B and 8-21A). 

A B

C

Figure 8-17 A: Pelvic radiograph shows a calcifi ed mass just to 
the left of midline. Calcifi cations in fi broids often look like popcorn. 
B: An ultrasound image on a different patient demonstrates the ap-
pearance of a calcifi ed, echogenic myoma (arrow).  (Sonographic image 
 courtesy of GE Healthcare, Wauwatosa, WI.) C:  Arcuate artery calcifi ca-
tions of the uterus image as echogenic foci in the periphery. (Image 
courtesy of Philips Medical  Systems, Bothell, WA.)

 Hysterosalpingogram and Sonohysterography  

 Both HSG and SHG provide information on myoma-
tous extension onto the endometrium through the vi-
sualization of fi lling defects. Both invasive procedures 

Figure 8-18 Transverse sonogram in a pregnant patient demon-
strating a myoma (arrows). A color overlay, called chroma, results in 
the gold hue seen on this image. (Image courtesy of Philips Medical 
Systems, Bothell, WA.)
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Figure 8-19 Subserosal myoma (arrow) imaged on the transverse EV 
exam. (Image courtesy of Philips Medical Systems, Bothell, WA.)

Figure 8-20 Myoma location may be diffi cult to determine. In this 
case, it is probably an intramural myoma (arrow); however, distortion 
of the endometrium could result in categorization as a submucosal. 
(Image courtesy of Philips Medical Systems, Bothell, WA.)

come with risks of infection and bleeding and are often 
quite uncomfortable for the patient. HSG, since it is a 
radiographic procedure, has the added factor of radia-
tion exposure. Since these procedures essentially only 
provide information on submucosal myomas, other 
diagnostic methods would be used (Figs. 8-16C and 
8-21B,C). 

 Treatment 

 Treatment is as varied as the patients that present 
with a large uterus due to myomas. Asymptomatic 
women require only routine follow-up. The use of 
a prostaglandin or oral contraceptive may reduce or 
eliminate symptoms. 26  In the case of a patient with 
large myomas and a desire to become pregnant, a 
myomectomy would be appropriate. If the tumors 
obstruct the kidneys, removal becomes critical due 

to renal function impairment. 26  Each case differs and 
the clinician must determine the appropriateness of 
hormone therapy, 26  hysterectomy, 26  hysteroscopic 
myomectomy, 15,26  abdominal myomectomy, 26,33  or la-
ser 1  or uterine artery embolization 34  in treatment of 
the benign fi broid. 

 EXTRAUTERINE PELVIC MASSES 
 ABSCESS 

 Abscess formation within the pelvis may be due to an 
infectious process involving the tubes, ovaries, appen-
dix, bowel, peritoneum, 10,21  or bowel perforation. 30  This 
 process is due to necrosis of the tissue or the develop-
ment of purulent material. Peritonitis (infection of the 
serous membrane lining of the abdomen) is a compli-
cation of surgery. Bowel perforation, appendicitis, or 
tubo- ovarian abscess spread are also causes of a pelvic 
abscess. 35  

 Patients with suspected abscess present postopera-
tively with fever, tenderness or pain, and swelling at 
the surgery site. Chills, general malaise, and weak-
ness may also accompany this process. These patients 
also present with laboratory fi ndings of an increased 
white blood count (WBC), sepsis, and possibly positive 
 bacterial cultures. 35,36  

 Imaging Findings 
 Sonography 

 Sonographically, this process may be diffi cult to image 
because of the formation of gas bubbles. Areas of infec-
tion may be loculated and located within the pelvis, 
paracolic gutters, or extend out of the pelvis. The com-
plex or clear fl uid has the tendency to collect in both 
the left upper and right upper quadrants surrounding 
the kidneys. Debris settling may result in fl uid levels 
within the mass. Careful monitoring of the suspected 
mass for peristalsis helps differentiate the area from the 
bowel (Fig. 8-22). 35,36  

PATHOLOGY BOX 8-3

Leiomyoma

Symptoms Sonographic Findings

• Symptomatic
• Menorrhagia
• Spotting
•  Increased abdominal 

girth
• Pain
•  Urinary frequency/ 

urgency
• Lower back pain
• Leg discomfort/swelling

•  Heterogeneous 
 myometrium

•  Irregular endometrial 
stripe

•  Hypoechoic areas  within 
the  myometrium

•  Whorled internal 
 architecture of a mass

• Calcifi cations
•  Posterior bladder 

 contour changes
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Figure 8-22 This transverse EV image of the uterus (U) and  bilateral 
abscesses (A) demonstrates the complex appearance seen with this 
infectious process. (Images courtesy of Philips Medical  Systems, 
Bothell, WA.)

A B

C
Figure 8-21 A: MRI of a submucous myoma. B: HSG of same  myoma. 
C: Saline infusion sonogram of same myoma.

 Computed Tomography 

 Computed tomography (CT) is a highly accurate meth-
od to diagnose infectious disease within the pelvis. 
Abscesses have a characteristic appearance on CT as a 
localized, loculated fl uid collection. A mass effect may 
occur on surrounding structures (Fig. 8-23). 37  

 HEMATOMA 

 The hematoma is any collection of blood, due to 
trauma or a disease process, within an organ or po-
tential space. The patient with internal bleed ing pres-
ents with a decreased hematocrit level, possibly a 
palpable mass, hypertension, and a decreased renal 
function. 36  Causes of the pelvic hematoma include 
an ectopic pregnancy or cyst rupture, postopera-
tive bleeding due to a renal transplant,  surgery, or 
trauma. 

 During the ultrasound examination, the sonographer 
may fi nd a well-defi ned, walled-off mass. This area 
may have a complex appearance, ranging from swirling 
mobile mass contents to partially solid and anechoic to 
totally anechoic. The appearance depends on the age of 
the hematoma. 10,36  

 LYMPHOCELE 

 The lymphocele is a pocket of lymph fl uid resulting 
from some type of trauma to the lymph vessels with-
in the pelvis. A fi brous reaction occurs to this leaking 
lymph fl uid, resulting in the mass-effect seen with this 
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Figure 8-23 Postcesarean delivery abscess. CT scan showing multi-
loculated abscesses anteriorly and low in the pelvis in the region of 
uterine incision.

Figure 8-24 Posttransplant lymphocele formation results in an an-
echoic mass (arrow) extending into the pelvis. (Sonographic image 
courtesy of GE Healthcare, Wauwatosa, WI.)

process. This common complication of renal transplan-
tation occurs in about 12% 36  of cases. 

 The sonographic appearance of the  lymphocele mim-
ics other pelvic masses with its septated, well-defi ned 
appearance. Differential diagnosis for the mass, which 
indents the bladder, include a uroma, hematoma, or 
abscess (Fig. 8-24). Many different masses share sono-
graphic appearances, as demonstrated by Figure 8-25. 

 Treatment 

 To relieve symptoms of a large lymphocele, the clini-
cian may drain it via surgery or an abdominal puncture 
 (percutaneous) or perform a marsupialization  procedure. 38  

 APPENDICITIS 

 Appendicitis in both its forms, acute and chronic, 
may result in an abscess. Usually because of fecolith 
obstruction of the lumen or lymphoid hypertrophy, 
this process may also mimic cecal cancer, 30,39  ovarian 
masses, Crohn’s disease, or diverticulitis. 40  This com-
mon infl ammatory process becomes diffi cult to diag-
nose because of the lack of specifi c physical and labora-
tory fi ndings. The most common fi nding is right lower 
quadrant pain at McBurney’s point. To fi nd this area, 
simply draw a line between the umbilicus and the an-
terior superior iliac spine (ASIS) and locate McBurney’s 
point 5 cm (2 in) back toward the umbilicus. 36  This is 
also the area to check for rebound tenderness. 

 Imaging Findings 
 Sonography 

 Sonographic imaging of the appendix has a characteris-
tic appearance of bowel. The three layers of bowel im-
age well, especially in the infected appendix. To image 

the appendix, begin by selecting the lowest frequency 
that allows visualization, usually a 5 to 12 MHz trans-
ducer with the focal zone at the appendix depth. 36,40  
Pressure applied abdominally (graded compression) 
during the exam allows for localization of the pain and 
moves bowel out of the fi eld of interest. When imaged, 
the appendix appears as a bull’s-eye structure on the 
transverse plane lateral to the iliac vessels and anterior/
medial to the psoas muscle. 

 It is often diffi cult to image the normal appendix 
with sonography due to patient habitus, bowel gas, 
or the location of the appendix. If seen, the appen-
dix collapses with compression due to the normal wall 
thickness. The infl amed appendix has thick walls, 
often imaged as hypoechoic, due to edema, prevent-
ing collapse. Measurements of the appendix add to 
the diagnosis of infl ammation. The normal appendix 
measures less than 6 mm from outer edge to outer 
edge. 36,40  Increased color or power Doppler indicates 
the characteristic hyperemia seen with an infectious 
process. 36,40  If the appendix ruptures, the only fi nding 
may be thickened bowel, loculations, abscess, phleg-
mon, fl uid, and prominent fat surrounding the cecum 
and appendix (Fig. 8-26). 40  

 Radiography 

 Radiographs demonstrate ureteral displacement chang-
es in the psoas muscle margin, abnormal masses, air 
within the abdomen, and a nonfi lling appendix during 
the barium enema examination. 30  

 Computed Tomography 

CT is another method to diagnose appendicitis and 
the resultant abscess.30  The gravid patient presenting 
with complaints of right lower quadrant pain presents 
a challenge for the sonographer. The growing uterus 
displaces the  appendix out of the pelvis, making the de-
termination of location—much less diagnosis—diffi cult 
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Figure 8-26 A: The longitudinal image of the infl amed appendix (arrows) demonstrates a blind-ended tubular structure within the right lower 
quadrant. The L8-4 transducer helps separate the tissue layers due to the increased image detail found with the higher frequency transducer. This 
increase in quality had to be balanced with the decrease in penetration seen at this frequency. B: This transverse image of the same  appendix 
illustrates the characteristic “bull’s-eye” appearance of infl amed bowel. (Images courtesy of Philips Medical Systems, Bothell, WA.)

A B

A B

C D
Figure 8-25 A: This image demonstrates the appearance of loculated complex ascites. B: An abscess found at an incision site. 
C: Postsurgical seroma. D: An abdominal wall sarcoma. (Images courtesy of Philips Medical Systems, Bothell, WA.)
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 Treatment 

 Surgery is the treatment of choice. 

 THE VAGINA 
 GARTNER’S DUCT CYST 

 Gartner’s duct cysts are usually asymptomatic and are 
most commonly discovered on routine pelvic examina-
tions. These cysts may be single or multiple and are a 
common lesion of the vagina. They are a remnant of 
the mesonephric duct, an embryonic urogenital struc-
ture. 43  They rarely cause symptoms but, if large, they 
may cause pressure symptoms and dyspareunia. When 
symptomatic, they often originate high in the vagina 
adjacent to the cervix and extend into the labia at the 
vaginal opening. 

 Imaging Findings 
 Sonography 

 Sonography is helpful in delineating the location of the 
cyst in the anterolateral vaginal wall. The lesion appears 
as an anechoic or complex mass, with well- defi ned 
margins and good sound transmission (Fig. 8-28). 

 Computed Tomography 

 CT, like ultrasound, shows a thin-walled cyst with de-
fi ned borders that does not enhance. MRI helps with 
diagnosis through the location and cystic appearance 

PATHOLOGY BOX 8-4

Extrauterine Pelvic Masses10,35,36,39,40

Mass Cause Sonographic Appearance

Abscess Infectious process  Complex mass, dirty shadowing due to gas bubbles,
 loculations, fl uid in  pericolic gutters

Hematoma Surgery, trauma  Varies on age of hematoma. Initial stages complex
  with mobile particles, solid as the blood  consolidates, 

returning to complex with solid/ anechoic areas
Lymphocele Renal transplant, trauma,  Septate, well-defi ned mass, may appear complex,
  lymph node dissection  located lateral to the bladder
Urinoma Renal transplant, trauma,  Anechoic cyst located in close proximity of the 
  obstructing lesion   transplanted kidney, consisting of urine  encapsulated by a 

fi brous capsule. Displacement of pelvic organs
Seroma Surgery, trauma Complex mass at the surgical site
Appendicitis Fecolith, obstruction, bacterial Noncompressible bull’s-eye structure on the
  infection, pelvic abscess   transverse plane at McBurney’s point, blind-ended tubular 

structure greater than 6 mm, free fl uid
Bowel neoplasm Infectious process (Crohn’s disease), Mimics complex adnexal mass, target sign of bowel,
  cancer, obstruction   echogenic central echo due to gas, hypoechoic wall
Pelvic kidney Renal failure  Similar appearance to the native kidney usually 

 located in the left iliac fossa.
Diverticula of Congenital or acquired Anechoic outpouching of the bladder wall, may image
 the bladder    the connecting neck, may mimic an ovarian cyst, changes 

shape/size with voiding
Ureteral dilatation Obstruction  Mimic ovarian cyst on transverse view; however, 

 rotation elongates the ureter

Figure 8-27 CT scan of a woman in the 18th week of gesta-
tion presenting with a 12-hour history of right-sided abdominal 
pain.  Abdominal examination on presentation revealed signifi cant 
 tenderness and, after a nondiagnostic ultrasound, a laparotomy is 
considered for presumed appendicitis. A CT scan is obtained in-
stead, revealing a normal, air-fi lled appendix with no sign of peri-
appendiceal infl ammation (arrow). The laparotomy was postponed, 
and 12 hours later, the patient aborted a septic fetus. An unneces-
sary laparotomy for an atypical presentation of chorioamnionitis was 
avoided by the judicious use of the CT scan. (Courtesy of Dr.  David 
Weiss, Chestnut Hill Hospital, University of Pennsylvania Health 
 System, Chestnut Hill, PA.)

with ultrasound. 41,42  In the case of nonvisualization 
by sonography, CT becomes the  modality of choice 
because of the high incidence of perforation, preterm 
labor, and fetal loss in this patient population. 42  The ce-
cum demonstrates a focal mass  indention (Fig. 8-27). 41  
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and intrauterine contraceptive devices. A complete 
discussion of PID is presented in Chapter 11. Patients 
with pelvic abscesses present with fever, pain, and 
elevated WBC count. 

 A variety of sonographic patterns can be displayed by 
pelvic abscesses. Such collections usually demonstrate 
good through-transmission and may have irregular bor-
ders, internal septa, debris levels, and air. Gas within 
an abscess produces bright echoes and may shadow. 

 Pyosalpinx may appear sonographically similar 
to hydrosalpinx, but usually, there are low-level in-
ternal echoes representing pus. Visualization of the 

of the vaginal mass. The Gartner’s duct cyst displays a 
high signal intensity because of the protein found with-
in the cyst fl uid (Fig. 8-29). 44  

 Treatment 

 Asymptomatic Gartner’s duct cysts require no follow-
up. If they become symptomatic, drainage or removal 
relieves symptoms. 44  

 IMAGING THE VAGINAL CUFF 
POSTHYSTERECTOMY 
 The pelvic examination in posthysterectomy patients 
demonstrates the vaginal cuff. Anterior-to-posterior 
(AP) measurements of the vaginal cuff should not 
 exceed 2.1 cm. 3  Enlargement may be due to a mass, 
cancer, or radiation induced fi brosis. The vaginal length 
varies depending on which level the surgeon uses dur-
ing the hysterectomy (Fig. 8-30). 45  

 THE FALLOPIAN TUBES 
 The normal fallopian tubes are narrow and are not rou-
tinely seen with the transabdominal approach unless 
surrounded by fl uid. 46  Endovaginally, a combination of 
the fallopian tube and the suspensory ligament may be 
seen in a short-axis view and frequently may assist in 
locating the ovary. This normal structure is easier to see 
with EV sonography when surrounded by fl uid. Benign 
disease of the fallopian tubes is restricted to pelvic in-
fl ammatory processes. 

 INFLAMMATORY PROCESSES 

 Infl ammatory processes in the pelvis include pelvic 
infl ammatory disease (PID; pyosalpinx and tubo- 
ovarian abscess) and nongynecologic abscesses. PID 
is associated primarily with gynecologic infections 

Figure 8-28 This EV image demonstrates a Gartner’s duct cyst. The 
complex appearance is most likely due to protein in the fl uid. (Image 
courtesy of Philips Medical Systems, Bothell, WA.)

Figure 8-29 Gartner’s duct cyst. Midline sagittal fat-suppressed T2-
weighted image of female pelvis shows high-signal intensity simple 
cystic lesion (arrow) posterior to bladder (arrowhead). (Courtesy of 
Timothy G. Sanders, MD.)

Figure 8-30 Transabdominal image of a posthysterectomy patient. 
The vaginal cuff (arrow) images posterior to the bladder (BL).
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 THE OVARIES 
 BENIGN CYSTS 

 Most fl uid-fi lled pelvic masses originate in the ova-
ry. The sonographic criteria for simple cysts are (1) 
smooth, well-defi ned borders, (2) absence of internal 
echoes, and (3) increased posterior acoustic enhance-
ment (Fig. 8-32). 10  Thick, irregular walls or thick septa-
tions (�3 mm) may be associated with infl ammation, 
endometriosis, or malignancy. Adnexal masses con-
taining extremely echogenic foci may be benign cystic 
teratomas. Adnexal masses that are of homogeneously 
increased echogenicity tend to be solid masses, hemor-
rhage, or endometriomas. A list of benign cystic masses 
of the adnexa is presented in Table 8-2. 

 Ovarian cysts may be visualized sonographically in 
women of all reproductive stages, including pregnancy. 
Cysts measuring less than 3 cm in greatest diameter 
usually regress spontaneously and represent follicles 
and physiologically normal functioning of the ovary. 48  
Careful sonographic evaluation to detect septa or solid 
components is recommended for any ovarian cyst, es-
pecially those measuring more than 5 cm in greatest 
dimension. Up to 60% of cysts with thin septa and no 
solid components have been reported to regress spon-
taneously, usually within 3 months. Even cysts that 
appear simple by sonographic criteria rarely resolve if 
they measure more than 10 cm in greatest diameter. 
Cysts of this size have a greater potential to be malig-
nant or invasive, and thus are usually removed. Cysts 
detected during pregnancy that measure more than 
8 cm in  diameter traditionally have been removed dur-
ing the second trimester because of the risk of increased 
complications during pregnancy or delivery and may 
 represent a malignancy. 

ovary at one wall of the abscess raises suspicion for a 
 tubo-ovarian abscess. 

 The differential diagnosis for a pelvic abscess in-
cludes hematoma, endometrioma, ectopic pregnancy, 
necrotic gynecologic tumor, and abscess of nongyneco-
logic origin (e.g., diverticular abscess, periappendiceal 
abscess, Crohn’s disease, psoas abscess, postsurgical 
abscess). Because many of these entities have similar 
sonographic patterns, a complete patient history is criti-
cal for distinguishing which disease process has most 
likely been demonstrated. 35  

 HYDROSALPINX 

 Hydrosalpinx is a fl uid collection in a scarred or blocked 
fallopian tube. Usually secondary to pyosalpinx, it 
evolves when the purulent material is replaced by se-
rous fl uid. This appearance suggests a chronic or old in-
fection. 47  Frequently, patients have no acute symptoms 
and the hydrosalpinx is discovered endovaginally as an 
incidental fi nding. 

 Sonographically, hydrosalpinx appears as a tubular, 
tortuous, fl uid-fi lled mass with smooth, well-defi ned 
walls. 10  Hydrosalpinx can be unilateral or bilateral, 
and the tube may become quite large. The distinguish-
ing sonographic characteristic of a hydrosalpinx is that 
the proximal end of the fusiform fl uid-fi lled structure 
tapers as the tube enters the cornual region of the 
uterus. This fl uid collection may mimic sonographi-
cally an adnexal cyst or surrounding bowel. However, 
the lack of peristalsis helps to differentiate this entity 
from bowel. Bladder diverticulum, urachal cyst, and 
mesenteric cyst are some of the nongynecologic enti-
ties that can also appear as fl uid-fi lled pelvic masses 
(Fig. 8-31). 

Figure 8-31 Infl amed large bowel due to colitis (A) could be mistaken for hydrosalpinx (B); however, the bowel demonstrates peristalsis and 
internal rugae that are not seen in the fallopian tube. (Image A courtesy of GE Healthcare, Wauwatosa, WI. Image B courtesy of Philips Medical 
Systems, Bothell, WA.)

A B
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TABLE 8-2

Benign Cystic Masses of the Adnexa

Physiologic or Functional

Ovarian follicles
Follicular cysts
Corpus luteum cysts
Theca lutein cysts (hyperreactio luteinalis)
Surface inclusion cysts
Miscellaneous
Paraovarian cysts
Peritoneal inclusion cysts
Hemorrhagic cysts
Endometriomas
Hydrosalpinx
Paratubal cysts
Polycystic ovary
Infl ammatory processes

Figure 8-32 A: A transabdominal sagittal image of a follicular cyst (star) posterior to the full bladder (BL). Notice the posterior enhancement 
(arrow). B: EV image of the same patient with the follicular cyst (star) and minimal posterior enhancement (arrow).

A B

 FUNCTIONAL CYSTS 

 Functional or physiologic cysts of the ovary include 
ovarian follicles, follicular cysts, corpus luteum cysts, 
and theca lutein cysts. 10  Ovarian follicles are visualized 
as anechoic structures in the ovary. Ultrasound im-
ages follicles as small as 5 mm. Approximately 10 days 
before ovulation, the ovaries contain many small fol-
licles. Not all of the follicles mature to the point of 
ovulation. A single follicle usually becomes dominant, 
measuring 2 to 2.5 cm in greatest dimension. 10  During 
the mid-portion of the menstrual cycle, a release of 
luteinizing hormone (LH) leads to ovulation with fol-
licular rupture and conversion into a corpus luteum. 10  
If conception occurs, the corpus luteum continues to 
produce progesterone until approximately the 11th 

or 12th week of pregnancy, when the placenta takes 
over production of progesterone. If conception does 
not occur, the corpus luteum usually regresses within 
2 weeks of ovulation. 

 Complementary imaging modalities, such as CT and 
MRI, often image normal physiologic changes in the 
female pelvis. Sonographers often are asked to confi rm 
a functional cyst seen on these modalities (Fig. 8-33). 
 Often, as in the case of the functional cyst, this fi nding 
often resolves by the time a sonographic examination 
occurs. 

 Follicular Cysts 
 Follicular cysts result from either nonrupture of the 
dominant mature follicle or failure of an immature fol-
licle to undergo the normal process of atresia, with 
absence of follicular fl uid reabsorption. They may be 
multiple but are usually unilateral. They range in diam-
eter from 3 to 10 cm, averaging 2 cm. 49  Solitary follicu-
lar cysts are common and may occur from fetal life to 
menopause. Most patients with physiologic cysts expe-
rience no symptoms because these cysts usually regress 
spontaneously. 

 Sonographically, follicular cysts meet the crite-
ria for a simple cyst, as described earlier. In general, 
any simple ovarian cyst measuring less than 5 cm in 
greatest dimension in an ovulating woman should 
be reevaluated sonographically, 6 to 8 weeks later. A 
change in the size or appearance or complete resolu-
tion of the cyst usually is seen. In some cases, patients 
with follicular cysts present with mild to severe pelvic 
pain. The cyst may become symptomatic, with the oc-
currence of hemorrhage, torsion, or rupture into the 
peritoneal cavity.  Sonographically, hemorrhage within 
the cyst will appear variable in its echo pattern. In 
the case of a ruptured cyst, changes in the appearance 
of the cyst may be associated with free fl uid in the 
cul-de-sac. 
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luteum cysts unless their size is at least 3 cm in diameter. 
This cyst results from intracystic hemorrhage 48  resulting 
in the sonographic appearance of low-level echoes or a 
fl uid-debris level within the cyst. Most patients present 
with acute pain of less than 24 hours’ duration, though 
one-fourth of patients have pain for a duration of 1 to 7 
days. Corpus luteum cysts usually are unilocular and uni-
lateral and measure 6 to 8 cm, with an average diameter 
of 4 cm. Unless torsion occurs, no treatment is required, 49  
and regression occurs after two to three menstrual cycles. 
Rupture results in fl uid in the cul-de-sac and elsewhere in 
the abdomen. Hemorrhage and rupture frequently cause 
increased symptoms. 

 Should fertilization take place, a corpus luteum cyst 
of pregnancy may result. In Figure 8-39, a corpus luteum 
cyst of pregnancy and a gravid uterus are demonstrat-
ed on a single sonographic image. During pregnancy, 
corpus luteum cysts typically reach a maximum size of 
3 cm, but can enlarge up to 5 to 10 cm. They usually re-
solve by the 16th week of gestation. At any point during 
this time, hemorrhage or rupture can occur, causing pel-
vic pain and posing a threat to both mother and fetus. 

 Color or power Doppler imaging of the cyst dem-
onstrates fl ow in the periphery of the cyst often called 
the “ring of fi re.” Spectral Doppler tracings show a low 
resistance fl ow pattern with prominent diastolic fl ow 
(Fig. 8-34). 48  

 Treatment 

 Corpus luteal cysts require no treatment. 

 Theca Lutein Cysts 
 Theca lutein cysts (a.k.a., hyperreactio luteinalis) are 
the largest of the functional cysts and may range in 
size from 3 to 20 cm. Theca lutein cysts represent an 
exaggerated corpus luteum response in patients with 
high levels of human chorionic gonadotropin (hCG), 
the hormone produced during pregnancy. 10,48  Theca lu-
tein cysts are associated with gestational trophoblastic 

Figure 8-33 Functional ovarian cyst. A: Axial T2-weighted image 
of female pelvis shows simple-appearing left ovarian cyst (arrow). 
B: No internal enhancement of cyst (arrow) is present on fat- 
suppressed T1-weighted image.
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Functional Cyst Sonographic Appearance

• Anechoic
• Thin-walled
• Posterior enhancement

Corpus Luteum Cysts
 Failure of absorption of the follicular cyst often results in 
a corpus luteum cysts. 48  The corpora lutea forms from the 
graafi an follicle within hours of ovulation. As the domi-
nant follicle ruptures, the corpora lutea develops. The 
corpora lutea measures 1.5 to 2.5 cm and may appear hy-
poechoic and possess irregular or thick borders around a 
central anechoic area. Because of their variable appear-
ance, these cysts have been called “the great pretender.” 
These cysts are routinely visualized with the EV approach 
but frequently are not seen with the transabdominal ap-
proach. Corpora lutea are not considered to be corpus 

Figure 8-34 Corpus luteum cyst (CL) of pregnancy visualized lat-
eral to the uterus containing an intrauterine pregnancy (IUP). (Image 
courtesy of Philips Medical Systems, Bothell, WA.)
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Treatment

 The development of theca-luteal cysts are due to the high 
hormone levels seen with fertility treatment or molar preg-
nancies. Once levels return to normal, these cysts resolve. 

 Surface Epithelial Inclusion Cysts 
 The peripherally located surface epithelial inclusion 
cyst occurs most often in postmenopausal women; 
however, these occur at any age. 10  These structures, 
which occur on the periphery of the ovary, are due 
to cortical invaginations of the surface epithelium. 10,50  
Diagnosis of these tiny, unilocular, thin-walled cysts is 
made through the detection of psammoma bodies. It is 
thought that these structures are a precursor to com-
mon epithelial ovarian tumors. 50  

 HEMORRHAGIC CYSTS 

 Bleeding into a cyst, whether functional or corpus luteal, 
results in an acute case of pelvic pain. 10  Sonographical-
ly, fresh blood appears anechoic, progresses subacutely 
to a mixed echogenicity, and fi nally becomes anechoic 
again. In the late acute phase, the cyst appears hyper-
echoic because of the hemorrhage mimicking a solid 
mass. Differentiators from an ovarian mass include pos-
terior enhancement, a smooth posterior wall, and lack 
of color fl ow within the area. 10,48  Debris may be seen 
in the posterior portion of a hemorrhagic cyst. Follow-
up ultrasound examinations often allow monitoring of 
clot lysis and forming septations. As the clot retracts, 
a solid fl uid level or fl uid mass complex often images. 
Care must be taken, as a hemorrhagic cyst has similar 
sonographic features to an ectopic pregnancy or a tubal 
infection (Fig. 8-36). 10,48,49  

 Treatment 

 Cysts with suspected hemorrhage can be followed to 
ensure resolution. If the mass fails to resolve or de-
crease in size, other neoplastic processes become sus-
pect. These complex masses may result in torsion and 
treatment because of the vascular occlusion. These 
complex masses may result in torsion and require treat-
ment due to the vascular occlusion. 

 TORSION 

 Partial or complete rotation of the ovary with an ad-
nexal cyst or mass at the ovarian pedicle results in 
the sudden onset of pain. 10,46  Although torsion may 
occur with normal ovaries, most reported cases have 
involved children with ovarian masses or women 
younger than 30 years of age. 10,46  The hyperstimulat-
ed ovary, 46  and those patients with congenital anom-
alies of the tube or mesosalpinx, 51  have an increased 
risk of twisting. There is also an increased incidence 
of torsion with a previous history. 48  Although there 
is an increased incidence in pregnant patients 10 ; in 
a nonpregnant patient with an acute onset of pelvic 
pain, with or without a mass on the physical exam, 

diseases such as hydatidiform mole, chorioadenoma 
destruens, and choriocarcinoma. Theca lutein cysts 
may also be seen with ovarian hyperstimulation syn-
drome, a complication of infertility drug therapy. 10  In 
rare instances, theca lutein cysts are seen with a normal 
singleton or multiple gestations. 

 Theca lutein cysts are usually treated conservatively 
because they involute when the source of gonadotropin 
is removed, though they may persist for several months 
after trophoblastic evacuation. In some patients, the 
cysts persist long after the hCG levels are no longer 
detectable. On occasion, theca lutein cysts, like other 
functional cysts, may undergo hemorrhage, torsion, or 
rupture, causing the patient pain. 10,48  Surgery may be 
necessary if they become very large or in the event of 
intraperitoneal rupture or hemorrhage. 

 Sonographically, theca lutein cysts are multilocu-
lar, thin-walled, large, bilateral, fl uid-fi lled masses 
(Fig. 8-35). 10,48  Bilateral development is thought to be 
a response to hormonal stimulation. Because of their 
association with gestational trophoblastic disease, it is 
important to evaluate the uterus carefully when the-
ca lutein cysts are seen. A good patient history also is 
helpful in evaluating the cause of theca lutein cysts. 

Figure 8-35 The hyperstimulated ovary contains multiple theca lutein 
cysts. (Image courtesy of Philips Medical Systems, Bothell, WA.)

PATHOLOGY BOX 8-6

Corpus Luteum Cyst

Signs and Symptoms Sonographic Appearance

Pain
Nausea
Vomiting
Enlarged tender ovary

Complex appearance if
 hemorrhage present
Gravid patient
• Thin-walled
• Unilateral
• Possible posterior cul-de-sac 
 fl uid with rupture
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Figure 8-36 A: Organized hemorrhagic cyst within the right  ovary. 
B: As the cyst ages, the hemorrhage begins to liquefy. C: Color power 
angio confi rms the lack of fl ow within this hemorrhagic cyst. ( Image A 
courtesy of GE Healthcare, Wauwatosa, WI. Images B and C  courtesy 
of Philips Medical Systems, Bothell, WA.)

the primary diagnosis includes hemorrhage and 
torsion. 

 Torsion of the adnexa is usually unilateral; how-
ever, there is a slightly higher incidence of right-sided 
 occurrence, which is thought to be due to the space 
occupied by the bowel. 10,48,51  The clinical presentation is 
recurrent or acute onset of localized pain and tender-
ness, nausea, vomiting, and a palpable pelvic mass. 10  
Because of this occlusive process, varying degrees of 
circulatory obstruction, to include the lymphatics, oc-
cur. 46  The result is edema and infarction and, in the 
worst case, development of gangrene, explaining the 
imaging fi ndings. 

 Imaging Findings 
 Sonography 

 Nonspecifi c fi ndings (cystic, solid, or complex mass 
with or without pelvic fl uid, thickening of the cyst wall, 
hemorrhage) on ultrasound make a diagnosis of ovarian 
torsion diffi cult. Even with this diffi culty, ultrasound is 
the primary diagnostic tool for ovarian torsion. 52,53  If the 
torsion is incomplete and intermittent, the ovary may 
enlarge with edema to greater than 4 cm. 48  The most 
characteristic fi nding is a large ovary 52  that loses the 
characteristic almond shape, becoming round or glob-
ular. 46  Areas of decreased and increased echogenicity, 

representing hemorrhage, infarct, or necrosis, image on 
the ovary. 48  The torsed ovary of the adolescent woman 
results in unilateral enlargement and multiple peripher-
ally located cystic structures. 46  Multifollicular enlarge-
ment is thought to result from fl uid transudation into 
follicles because of the ovarian congestion caused by 
circulatory impairment. 10  Intraperitoneal fl uid may be 
present secondary to obstruction of venous and lym-
phatic return, resulting in a transudate from the capsule 
of the ovary. 10  If the whole vascular pedicle twists, a hy-
poechoic round structure with concentric hypoechoic 
stripes images, referred to as the target appearance. The 
development of an ellipsoid or tubular structure with 
heterogeneous internal echo pattern may also image. 10  

 Doppler fl ow studies (spectral, color, and power) may 
help in diagnosis of torsion, as three-quarters of cases 
result in the absence of arterial fl ow and, in over 90% 
of cases, there is either a decrease or absence of venous 
fl ow. 52  Ovarian torsion results in the partial or complete 
obstruction of blood fl ow because of this twisting. 10,48  
The absence of fl ow within one ovary, and the confi r-
mation of fl ow in the contralateral, raises suspicion for 
this mechanical process. In the case of intermittent tor-
sion and collateral fl ow from the uterine artery branches, 
Doppler studies may not be helpful. 53  Doppler evalua-
tion may be useful in determining whether the ovary is 
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the associated endocrine abnormalities in these pa-
tients; however, this syndrome has a complex physio-
logic process (Fig. 8-37). The abnormal estrogen and 
androgen production results in an imbalance between 
LH and follicle-stimulating hormone (FSH) blood se-
rum levels. 10,48,56  In PCOS, the low FSH and high LH 
results in an elevated LH/FSH ratio. 10,48,55   The result 
of the chronic stimulation of the ovarian stroma is 
an increase in the production of androgens, which 
converts into estrogens. 56   The estrogen increases the 
LH while depressing the FSH secretion. 56  This type of 
hormone cycle results in an anovulatory cycle with 
the outcome of endometrial hyperplasia and infertil-
ity problems. 56  

 The clinical presentation varies greatly with the 
degree and duration of the hormone imbalance and 
any coexisting syndromes or diseases (Table 8-3). 48  
The most common clinical and imaging fi nding is 
that of bilateral large ovaries (Fig. 8-38). Because cer-
tain adrenal tumors can also cause oligomenorrhea 
or amenorrhea and infertility, adrenal tumor should 
be  considered in the clinical differential diagnosis of 
these patients. 

 Imaging Findings 
 Sonography 

 The sonographic appearance of the ovaries in patients 
with polycystic ovary disease varies widely and is con-
sidered the gold standard for diagnosis of PCOS. 54  In 

receiving blood, because torsion initially involves the 
ovarian vein, but it may progress to involve the ovarian 
artery as well. 10,48  It is important to note if the fl ow has a 
central or peripheral pattern, as ovarian viability increas-
es with central fl ow. 52  The presence of coiled, twisted, 
or circular vessels (whirlpool sign) within the affected 
adnexa is another sonographic sign of torsion. 10,31,48  

 Computed Tomography and MRI 

 CT and MRI share imaging features of ovarian tor-
sion. These mimic the sonographic fi ndings of a large 
ovary, fallopian tube thickening, peripheral cystic 
structures, and free fl uid. Because of the global na-
ture of these imaging modalities, a global view of the 
pelvis allows for detection of uterine deviation toward 
the affected side. 52,53  

 Treatment 

 The usual course of treatment is an adnexectomy; how-
ever, there has been some success with untwisting the 
vascular pedicle restoring fl ow to the affected ovary. 52  
In postmenopausal women, an oophorectomy is the 
treatment of choice. 52  

 POLYCYSTIC OVARY SYNDROME 

 Polycystic ovary syndrome (PCOS) is the most com-
mon androgen disorder and is associated with obesity, 
amenorrhea, anovulation, hirsutism, and infertility. 54,55  
Originally described by Stein and Leventhal—hence the 
name, Stein-Leventhal syndrome—the disorder is char-
acterized by four criteria: infertility, obesity, oligomen-
orrhea, and hirsutism. 48  The problem with the initial 
classifi cation is the wide variety of fi ndings—both phys-
ical and metabolic—that women with this syndrome 
exhibit. The Rotterdam criteria established in 2003 uses 
the trilogy of oligoanovulation, hyperandrogenism and/
or hyperandrogenemia, and the exclusion of related dis-
orders as a diagnostic criteria for PCOS. 54,55  

 Anovulation is thought to result from the unusual-
ly thick pseudocapsule surrounding the ovaries 56  and 
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Figure 8-37 Pathogenesis of the PCOS.

PATHOLOGY BOX 8-7

Ovarian Torsion

Signs and Symptoms Sonographic Appearance

Sudden onset of 
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Loss of normal ovarian shape
Hyperechoic ovary
Heterogeneous texture
Dilated vessels on the 
 periphery of the ovary
Doppler may demonstrate 
  absence or decreased 

blood fl ow
Posterior cul-de-sac fl uid
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ovarian volume of greater than 10 cm. 3,54  Because they 
can be quite small, often only the echogenic linear 
wall may be visualized. The cysts may be subcapsular 
or randomly distributed throughout the parenchyma 
of the ovary. Up to a third of pelvic sonograms per-
formed on patients with the clinical fi ndings of PCOS 
reveal sonographically normal ovaries. 10  Bright stro-
mal echogenicity is the most common fi nding with 
PCOS. 48,54  

 3D ultrasound may become helpful in the diagnosis 
of PCOS because of the ability to perform volumes. The 
ability to display the ovary on three planes, performing 
the volume from this display, allows for increased ac-
curacy of the volume measurement. 57  

 Studies performed to determine the use of color and 
spectral Doppler measurements found that the uterine 
artery had a higher pulsatility index (PI) in patients 
with PCOS. The resistance index (RI) suggested in-
creased resistance with a lower value. 57  

 Women with true polycystic ovary disease may 
have no clinical manifestations; however, the cysts 

Figure 8-38 A: The ovaries in a woman with PCOS at laparotomy. 
Note the large size of the ovaries relative to the uterus, with a smooth 
ovarian capsule without evidence of ovulatory events. B: Transverse 
EV image of bilateral polycystic ovaries. UT, uterus. (Image courtesy 
of Siemens Healthcare, Mountain View, CA.)

B

A

TABLE 8-3

Syndromes or Disease Entities that Have Been 
Associated with Polycystic Ovaries

HYPERANDROGENISM WITHOUT INSULIN RESISTANCE

Steroidogenic enzyme defi ciencies

 Congenital adrenal hyperplasia
 Aromatase defi ciency

Androgen-secreting tumors

 Ovarian
 Adrenal

Exogenous androgens

 Anabolic steroids
 Transsexual hormone replacement

Other

 Acne
 Idiopathic hirsutism

HYPERANDROGENISM AND INSULIN RESISTANCE

Congenital

 Type A syndrome
 Type B syndrome
 Leprechaunism
 Lipoatrophic diabetes
 Rabson-Mendenhall syndrome
 PCOS

Acquired

 Cushing’s syndrome

INSULIN RESISTANCE

Glycogen storage disease
Type 2 diabetes mellitus

OTHER

Central nervous system lesions

 Trauma/lesions
 Hyperprolactinemia

Nonhormonal medications

 Valproate

Hereditary angioedema

Bulimia

Idiopathic (includes normoandrogenic women with cyclic 
menses)

From: Legro RS, Azziz R. Androgen Excess Disorders. In: Danforth’s 
Obstetrics and Gynecology. 10th ed. Philadelphia, PA: Lippincott 
Williams & Wilkins; 2003.

classic cases, the ovaries are enlarged bilaterally and 
contain multiple, small peripheral cysts sometimes 
referred to as a “string of pearls” 54  or “black pearl 
necklace” 55  sign (Fig. 8-39). The cysts (12 or more) 
may range in diameter from 2 to 9 mm, resulting in an 
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Figure 8-39 A: Cut sections of an ovary show numerous cysts embedded in a sclerotic stroma. B: A sonographic image demonstrating the 
peripherally located cysts with color fl ow Doppler active. (Image courtesy of Philips Medical Systems, Bothell, WA.)

A B

are always bilateral. The sonographic appearance of 
polycystic ovaries may also be seen in women be-
ing treated with FSHs or in newborn girls whose 
ovaries are responding to maternal hormones. 44  A 
 history of PCOS increases the risk of cardiovascular 
disease 57  and endometrial and breast cancers because 
of the high levels of estrogen levels found with this 
 syndrome. 10,48  

MRI

 MRI becomes helpful in patients that have biochemi-
cal markers for PCOS that do not demonstrate the typi-
cal cystic/stromal ovarian pattern on the sonographic 
examination. 58  MRI of the patient with PCOS reveals 
slightly enlarged ovaries with small peripherally located 
cysts and a central area of low signal intensity. 56,59  Hy-
pertrophy of the ovarian stroma results in the low signal 
intensity seen in the central portion of the  ovary. 58  The 
use of the contrast agent gadolinium results in stromal 
enhancement, confi rming increased vascularization of 
the ovary. 57  As with sonography, MRI fi ndings alone are 
nonspecifi c to PCOS and must be viewed as part of the 
diagnostic workup. 56,57  

 Treatment 

 The regulation of the complex androgenic imbalance is 
the fi rst step in resolving PCOS. In the patient wishing 
to become pregnant, ovarian ablation treatments such 
as surgical destruction of the ovarian stroma through 
the use of ovarian drilling or resection has shown some 
promise. 55  

 BENIGN NEOPLASMS 

 Eighty percent of all ovarian tumors are benign. Benign 
ovarian neoplasms may be categorized as germ cell tu-
mors, epithelial tumors, or stromal tumors, depending 
on the ovarian tissue elements and derivation of these 
tumors. The most common benign adnexal neoplasms 
are benign cystic teratomas (germ cell tumor) and cyst-
adenomas (epithelial tumors). Stromal tumors include 
fi broma and theca. Benign neoplasms are summarized 
in Table 8-4. 

 Koonings and associates performed a retrospective 
study spanning 10 years (encompassing real-time so-
nography) evaluating 861 surgically confi rmed cases of 
ovarian neoplasm. 49  In their series, cystic teratoma was 
the most prevalent neoplasm, accounting for 44% of all 
ovarian tumors (Table 8-5). Twenty-eight percent of the 
neoplasms measured less than 6 cm, 53% ranged from 
6 to 11 cm, whereas 19% were larger than 11 cm. In pre-
menopausal women, 75% of the tumors were benign, 
whereas 25% were benign in postmenopausal women 
(Table 8-6). 

 BENIGN CYSTIC TERATOMA 

 Benign cystic teratomas are the most common germ 
cell tumor of the pelvis. 10,48,60  They are also the most 
frequently seen ovarian tumor in women younger 
than age 20 years arising from germ cells found in the 

PATHOLOGY BOX 8-8

Polycystic Ovary Syndrome

Signs and Symptoms Sonographic Appearance

Amenorrhea
Hirsutism
Infertility
Oligoanovulation
Hyperandrogenism
Hyperandrogenemia

Bilateral ovarian enlargement
Multiple, small peripheral 
cysts
Ovarian volume of greater 
 than 10 cm3
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Benign Ovarian Neoplasms

Lesions Ages Affected Signs and Symptoms Laterality Sonographic Characteristics

GERM CELL TUMORS

Mature (Cystic)
Teratoma (Dermoid)

Any age; usually 
  reproductive or 

younger

Mild to acute abdominal pain
Palpable adnexal mass/fullness
Pressure on bladder and/or 
 bowel

15% Bilateral Cystic to complex
Fluid/solid or fl uid/fat levels
Calcifi cation with shadowing
Echogenic foci
Floating hair strands

EPITHELIAL TUMORS

Serous 
 cystadenoma

20s to 50s Pelvic pressure, bloating, 
  acute onset of pain, palpable 

pelvic mass

25% Bilateral Unilocular or multilocular
Cystic with low-level debris
Thin smooth walled
Possible septae and papillary 
 projections

Mucinous 
 cystadenoma

20s to 50s Same as serous cystadenoma 5% Bilateral Multiseptate tumor
Large
Variable fl uid echogenicity
Regular wall thickness and 
 appearance
Ascites
Fixation to surrounding 
 structures

Brenner tumor Any age, usually 
 around 50 y

Usually asymptomatic 6.5% Bilateral Solid; hypoechoic, may exhibit 
  acoustic enhancement; 

ranges in size from 
microscopic to 8 cm in 
diameter

STROMAL TUMORS

Theca cell tumor 
  a.k.a. theca, 

fi brothecoma

Common among 
  menopausal or 

postmenopausal 
women, but 
age distribution 
ranges from 15 
to 86 y

Similar to GCT if hormonally 
 active

Usually 
unilateral, 
but multiple 
in 10% of 
cases

Hypoechoic; attenuates 
  sound, which can produce 

distal acoustic shadow; 
measures 5–16 cm in 
diameter, Meigs’ syndrome,

Large ovaries
Calcifi cations
Cystic degeneration

Granulosa cell 
 tumors (GCTs)

Any age Prepubertal: precocious 
 pseudopuberty
Premenopausal: oligomenorrhea, 
  menorrhagia, increasing 

abdominal girth
Post menopausal: bleeding, 
 breast tenderness

Unilateral Up to 12 cm, solid to 
  complex, isoechoic to 

slightly hypoechoic and 
heterogeneous, low-
level internal echoes, 
multiloculated if torsed

Gonadoblastoma 20s Primary amenorrhea, virilization, 
  abnormal development of 

genitalia

33% Bilateral Soft tissue density, 
 calcifi cations

Sertoli-Leydig 
 cell tumor

30 y Masculinization Cushing’s 
  syndrome, oligomenorrhea 

followed by amenorrhea, 
acne, breast atrophy, 
hirsutism, voice deepening, 
temporal balding, clitoral 
enlargement, abdominal 
swelling, pain

Unilateral Echogenic mass or 
 hypoechoic mass

TABLE 8-4
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 Two processes, the mature and immature cystic tera-
tomas, share some fi ndings and symptomology; howev-
er, they are different types of masses. First, the mature 
teratoma is a benign process, whereas the immature 
teratomas is a malignancy. The immature teratoma 
contains the same three germinal layers in addition to 
embryonic tissue. This is the most common malignant 
tumor occurring in women before the age of 30, 60  with 
half demonstrating an elevated alpha fetoprotein. 48  His-
tology shows both mature and immature components 
within some teratomas, requiring grading of the tumor 
by the amount of each type of tissue. 60  A third type 
of dermoid, the monodermal teratomas, consists of 
one type of tissue. This is the case with struma ovarii, 
which is a mass which consists of thyroid tissue. 52,54  

 Imaging Findings 
 Sonography 

 There is a wide spectrum of sonographic appearances 
to teratomas, including a predominantly cystic mass, a 
complex mass with calcifi cations, fat-fl uid level within a 
complex mass, and a diffusely echogenic mass without 
shadowing. 10  Most commonly, teratomas appear sono-
graphically as complex masses that are predominantly 
solid, containing echogenic foci that represent calcium 
or fat with or without acoustic shadowing. This type of 
teratoma is the most diffi cult to detect because the sono-
graphic appearance mimics that of bowel gas. An echo-
genic nodule within a cystic mass is called a dermoid 
plug10,48 or Rokitansky nodule,54 which may contain 
teeth, hair, or fat. Occasionally, the “tip of the iceberg” 
sign is demonstrated; this refers to a very echogenic an-
terior component with a posterior shadow, which pre-
vents visualization of the more posterior aspect of the 
mass. 10,48  When a fat-fl uid level is identifi ed, the fl uid 
component is seen in the more dependent position, 

embryonic yolk sac. 60  Although teratomas may occur in 
any age group, they are most often seen during the sec-
ond to fourth decades. 54,60  The terms “dermoid tumor” 
and “teratoma” are often used interchangeably, though 
teratomas contain tissue of all three germ layers (ecto-
derm, mesoderm, endoderm), 48  whereas dermoids are 
composed of ectodermal tissue only. 10  Pathology speci-
mens of teratomas include teeth, hair, and glandular 
tissues (sweat, apocrine, sebaceous). Neural and thy-
roid tissue (stroma ovarii) 48,54  have also been seen on 
histopathologic examination (Fig. 8-40). The malignant 
potential of a teratoma is related inversely to its tissue 
maturity, but malignant change rarely occurs (�1%) in 
benign cystic teratomas. 10,48  

 Although patients with teratomas usually have no 
symptoms, they may present with pain, pelvic pressure, 
or a palpable mass. 10  Teratoma pedicles may twist, but 
they rarely rupture, because of their thick capsules. 
Teratomas are often fi rst detected with a bimanual pel-
vic examination. Teratomas containing high fat content 
may cause the ovary to be located superior to the uter-
ine fundus. They are bilateral in approximately 10% to 
15% of patients. 48  Benign cystic teratomas are associ-
ated with torsion 10,52,53  because of the mobility of the 
tumor, 60  which may result in rupture and the develop-
ment of peritonitis. 61  

Fimbriated end
of fallopian tube

Wall of cyst
lined by skin

Mass of hair and
sebaceous material

Figure 8-40 Benign ovarian cystic teratoma (teratoma cyst). Note 
hair and sebaceous material.

Incidence of Benign Ovarian Neoplasms

Type Occurrence

Cystic teratoma 58%
Serous cystadenoma 25%
Mucinous cystadenoma 12%
Benign stromal  4%
Brenner tumor  1%

(Modifi ed from Koonings PP, Campbell K, Mishell DR, et al. Relative 
frequency of primary ovarian neoplasms: a 10-year review. Obstet 
Gynecol. 1989;84:921. Reprinted with permission from The 
American College of Obstetricians and Gynecologists.)

TABLE 8-5

Ovarian Neoplasms (861 Cases)

Type Occurrence

Premenopausal 85% (13% malignant)
Postmenopausal 25% (45% malignant)
Benign 85%
Malignant 21%
Low malignant potential  4%

(Modifi ed from Koonings PP, Campbell K, Mishell DR, et al. Relative 
frequency of primary ovarian neoplasms: a 10-year review. Obstet 
Gynecol. 1989;84:921. Reprinted with permission from The 
American College of Obstetricians and Gynecologists.) 

TABLE 8-6
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 Sonographic Imaging Tips 
 Decubitus positioning during transabdominal imaging 
may aid in demonstrating fat-fl uid or fl uid-debris levels, 
because shifting should occur when different parts of the 
mass are dependent. Palpating the mass with the free hand 
may also produce movement at the fat-fl uid interface. Wa-
ter enemas may help differentiate a teratoma from bowel 
due to microbubbles, providing a sonographic contrast 
that helps to distinguish rectum from pelvic masses. 

 Radiography 

 A pelvic radiograph may show fat, teeth, or bony com-
ponents of teratomas. Before the advent of EV imaging, 
diagnosis of a teratoma was made through radiographic 
 fi ndings. The patient presenting with acute abdominal pain 
with fi ndings of osseous masses or teeth within the pelvis 
raised suspicion for a teratoma (Figs. 8-42A and 8-43). 60  

whereas the echodense fat fl oats on top of the fl uid. The 
sonographic appearance of a teratoma varies according 
to its elemental components—skin, hair, teeth, bone, fat. 
Strands of hair may be seen fl oating in fl uid and is a 
specifi c sign of the teratomas called the dermoid mesh. 10  
With the presence of signifi cant bone and teeth compo-
nents, echogenic foci with distal shadowing should be 
demonstrated on ultrasound examination (Fig. 8-41). 

 Care while imaging the suspected teratomas must 
be taken, as other processes mimic this pathology. The 
resolving hemorrhagic cyst 10  or endometrioma 48,54  may 
have mural nodules during resolution; however, the 
posterior enhancement differentiates this mass from 
the shadowing teratomas. The pedunculated leiomyo-
ma and perforated appendiceal feoclith has a simular 
sonographic appearance to the teratoma. 10,48  Nonperi-
stalsing bowel may also mimic the teratoma. 54  

A B
Figure 8-41 A: This image demonstrates the fl uid/solid level commonly imaged with a teratomas. B: Posterior shadowing within the mass 
indicates areas of increased density within the mass. (Image courtesy of Hitachi.)

A B
Figure 8-42 Ovarian teratoma tumor (teratoma). A: Detailed view of the pelvis shows a lucent mass (arrows) on the left containing malformed 
teeth. B: CT image shows the tumor with varying fatty (star) and dental (arrow) components.
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Figure 8-43 Teratoma cyst containing multiple well-formed teeth. 
Note the relative lucency of the mass (arrows), which is composed 
largely of fatty tissue.

Figure 8-44 Mature cystic teratoma. Sagittal fat-suppressed T2-
weighted image of female pelvis demonstrates heterogeneous 
mass (arrow) with high signal intensity follicles (arrowheads) draped 
around it, confi rming ovarian origin of mass. Low signal component 
of mass (thin arrow) represents fatty component on this fat-sup-
pressed sequence.

Figure 8-45 Removal of a large cystic teratoma.

 Computed Tomography and MRI 

 CT and MRI also display some characteristic fi ndings 
of benign cystic teratoma. Fat has a characteristic ap-
pearance on CT, and CT can demonstrate fat-fl uid or 
fl uid-debris levels in these tumors. 62  CT of the cystic 
mass with a dermoid plug identifi es the sonographi-
cally anechoic sebum that fi lls the mass (Fig. 8-42B). 10  

 Benign cystic teratomas with high fat content have 
been demonstrated with MRI: the fat component in the 
tumors gives very high signal intensity on T1-weighted 
images. MRI becomes especially helpful in the pregnant 
patient or with an uncertain diagnosis with other com-
plementary imaging modalities (Fig. 8-44). 60  

 Treatment 
 Surgical removal of benign cystic teratomas is usually 
indicated. In the younger patient, an ovarian  cystectomy 
helps preserve unaffected ovarian tissue and fertility. 60  
It usually is possible to resect the teratoma without re-
moving the entire ovary through the performance of a 
laparotomy procedure (Fig. 8-45). 60  

 EPITHELIAL TUMORS 

 The membranous epithelium is a tissue layer that cov-
ers the external portions of organs and the body cavi-
ties. Epithelial neoplasms occur in multiple locations 
to include the liver, lung, salivary glands, fallopian 
tubes, and the ovary. The common fi nding with these 
tumors is the histologic features of the spindle-shaped 
columnar cells. 63  This section focuses on the benign 
 ovarian form of serous cystadenoma and mucinous 
cystadenoma that arise from the surface epithelium 
of the ovary. 10  Their malignant counterparts are se-
rous cystadenocarcinoma and mucinous cystadeno-
carcinoma. Less common benign epithelial tumors 
 include Brenner tumors, clear cell, and mixed epithe-
lial tumors. 10  

 Cystadenomas 
 A cystadenoma is a benign tumor originating in glan-
dular tissue. Secretions from these epithelial-lined tu-
mors are either serous or mucinous and occur in the 
salivary gland, pancreas, or the ovaries. The most 
common type of benign cystic ovarian tumor is a cyst-
adenoma, representing approximately a quarter of all 
 ovarian neoplasms. 10,54  In general, cystadenomas may 
grow very large 48  and are seen in postmenopausal 
women, though they are occasionally encountered in 
women of childbearing ages. 10  As their names suggest, 
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 Computed Tomography and MRI 

 The CT and MRI examinations of a cystadenoma have 
similar fi ndings as the sonographic exam. The cyst may 
appear large (macrocystic) or very small (microcystic) 
resulting in a characteristic honeycomb appearance. 64  
The thin walls may or may not contain punctuate in-
tracystic calcifi cations. 64,65  Cyst walls are thin, with 
some lobulations commonly without mural nodules. 64  
 Another feature, the central scar, is an area of fi brous 
scarring surrounded by cysts 66  that is found in up to 
half of masses (Figs. 8-48C and 8-50). 67  

 Treatment 

 In the patient of childbearing age, an ovarian cystecto-
my is the best choice, whereas the postmenopausal pa-
tient would have a unilateral salpingo- oophorectomy. 54  
If the tumors are bilateral, a total hysterectomy is a 
consideration. 54  In the case of a confi rmed mucinous 
cystadenoma of the ovary, there is an increased risk of 
an appendiceal mucinous tumor. 54  This often results in 
the concurrent removal of the appendix. 54  

 Brenner Tumors 
 The transitional cell is a type of epithelial tissue that 
stretches, such as in the cyst wall, changing shape from 
cuboidal to squamous with distention. These cells are 
found not only in the ovary but in the bladder, ureters, 
and the prostate. In the ovary, the Brenner or transi-
tional cell tumors are an uncommon solid tumor aris-
ing from the ovarian surface epithelium. 10  They account 
for approximately 2% 10,48,54  of all ovarian neoplasms. 
Brenner tumors can be seen in any age group but usual-
ly are found in women in the fi fth to seventh decades of 
life 48,54  who are asymptomatic or present with a palpa-
ble pelvic mass, pain, and abnormal uterine  bleeding. 54  
The tumors are bilateral in 6.5% 48  of cases and range in 
size from microscopic to 30 cm 54  in diameter. Brenner 

serous cystadenomas contain thin, serous fl uid and 
mucinous cystadenomas contain thicker mucin. Se-
rous cystadenomas are more common than mucinous 
cystadenomas and more frequently malignant. They 
are usually unilocular and may be bilateral in 25% of 
cases. 48,54  Serous cystadenomas, the malignant coun-
terpart to the serous cystadenoma, may contain very 
thin septations, and, on occasion, papillary projections 
(Fig. 8-46). 

 Mucinous cystadenomas, the largest of the ovarian 
cysts, are bilateral less than 5% 10,54  of the time and grow 
larger than the serous cystadenoma (up to 50 cm), 10,54  
with multiple prominent septations and debris. 4,37  The 
age of occurrence ranges from the second to fi fth de-
cades. 54  It may be possible to differentiate serous from 
mucinous cystadenomas based on the echogenicity of 
fl uid. It is diffi cult to differentiate sonographically be-
tween benign and malignant forms of cystadenoma, so 
it is important to look for secondary signs of malig-
nancy, such as ascites or fi xation of the mass. Histo-
pathologic analysis is required for a defi nitive diagnosis 
(Fig. 8-47). 

 Patients with either a serous or mucinous cystadeno-
ma complain of pelvic pressure, bloating, and possibly 
an acute onset of pain upon rupture. 48  Because of the 
large size of these tumors, the clinical exam may reveal 
a palpable pelvic mass. 54  

 Imaging Findings 
 Sonography 

 The serous cystadenoma has a unilocular or multilocu-
lar appearance during the sonographic examination. 10  
Though the neoplasm is usually unilateral, they can 
occur bilaterally. 48  This mass, which ranges from 5 to 
15 cm may exhibit papillary projections from the cyst 
wall (Fig. 8-48). 10,48,54  

 The mucinous cystadenoma is usually a unilateral 
neoplasm, which upon rupture results in abdominal 
ascites called pseudomyxoma peritonei. 10  This fl uid im-
ages with bright pinpoint echoes, whereas the mass it-
self has thick, irregular walls and septations. 48  Because 
of the common sonographic fi ndings between these 
neoplasms, it is diffi cult, if not impossible, to render a 
diagnosis from images (Fig. 8-49). 45  

Figure 8-46 Serous cystadenoma of the ovary. This unilocular cyst 
has a smooth lining, microscopically resembling the fallopian tube 
epithelium.

Figure 8-47 Mucinous cystadenoma of the ovary. The tumor is char-
acterized by numerous cysts fi lled with thick, viscous fl uid.
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A B

C

Figure 8-48 A: A large serous cystadenoma extends out of the pelvis. 
C, cyst; U, uterus. B: Panoramic image of the same cyst. Note the arti-
fact (arrow) seen in the central portion of the cystic structure. C: Axial 
CT image of the same structure. (Images courtesy of Derry Imaging 
Center, Derry, NH. Robin Davies, Ann Smith, and Denise Raney.)

Figure 8-49 This transabdomal image acquired with a C5-2 trans-
ducer demonstrates characteristics of a mucinous cystadenoma. 
 (Image courtesy of Philips Medical Systems, Bothell, WA.) 

tumors often are diagnosed histopathologically as in-
cidental fi ndings in specimens removed for associated 
pelvic disease, usually a serous or mucinous cystad-
enoma (Fig. 8-51). 10,54  Malignant changes in Brenner 
tumors are rare. Malignant forms of this tumor usually 
are large, fl uid-fi lled masses. 

 Imaging Findings 
 Sonography 

 The usual sonographic presentation is a solid 54  hy-
poechoic 10  mass that may contain wall calcifi cations. 10,48  
Contours of the mass may show a slightly lobulated 
appearance. 54  Imaging of small cystic spaces increas-
es suspicion of a coexisting cystadenoma. 10  Because 
of the fi brous stroma composition, a Brenner tumor 
 images similar to a leiomyoma, fi broma, or theca, both 
 sonographically 10,46,48  and hystologically. 10  
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 Computed Tomography and MRI 

 As with ultrasound, CT and MRI fi ndings are relatively 
nonspecifi c. The modalities demonstrate solid masses. 
CT detects possible calcifi cations found in the mass, 
whereas the low-signal T2-weighted MRI results in a 
mass fi nding with a low signal intensity similar to the 
ovarian fi broma. 

 Treatment 

 Resection of the tumor, which may involve a partial 
or total hysterectomy, is the usual treatment for the 
Brenner tumor. 54  

 Ovarian Sex Cord-Stromal Tumors 
 The World Health Organization (WHO) classifi es the 
granulosa cell and the thecoma-fi broma tumor as a 
granulosa stromal cell tumor. These tumors arise for 
the embryonic gonad or ovarian stroma. 10  Classifi ca-
tion of these benign stromal tumors, as well as Sertoli-
Leydig cell tumors (also referred to as androblastomas 
and arrhenoblastomas), is achieved through the use of 
cellular typing, as they often share symptomology and 
physical and imaging fi ndings. For example, fi bromas, 
thecomas, Sertoli-Leydig cell tumors, and Brenner tu-
mors are all sonographically hypoechoic or echogenic 
adnexal masses individually indistinguishable from be-
nign or malignant tumors of the ovary. 46,60,68  Differential 
diagnosis between these ovarian tumors and uterine 
myomas may be made by establishing, if possible, the 
ovarian origin of the mass. 60  

 Granulosa Stromal Cell Tumors 
 Theca Cell Tumor/Thecomas 

 Thecomas, sometimes called fi brothecomas, are estrogen-
producing, solid ovarian masses that account for 1% 
to 2% 10,60 of ovarian tumors that arise from the ovarian 

A B
Figure 8-50 Serous ovarian cystadenoma. A: Coronal fat-suppressed T2-weighted image shows cystic mass (arrow) superior to bladder (ar-
rowhead). A few septa are present (thin arrows). B: Axial fat-suppressed, gadolinium-enhanced T1-weighted image demonstrates walls of mass 
(arrows) to be thin and without enhancing nodules. Mass was benign at surgery.

Figure 8-51 Mucinous cystadenoma. A: Axial, heavily T2-weighted, 
fat-suppressed image demonstrates a complex cystic mass (arrows) 
in tail of pancreas. B: Fat-suppressed, gadolinium-enhanced gradi-
ent echo image shows faint enhancement of internal architecture of 
mass (arrows).

 A

 B
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of the mass is the only method to rule out the small 
chance of malignancy seen with the ovarian fi broma. 68  

 Granulosa Cell Tumors 

 All granulosa cell tumors (GCTs) secrete estrogen, re-
sulting in feminization of the patient. 48,70  There are two 
types, adult and juvenile type, with most occurring 
in women of reproductive or postmenopausal age. 10  
 Composed of cells resembling the graafi an follicle, half 

stroma. 10  Estrogen production is responsible for the present-
ing complaint of abnormal uterine bleeding, pelvic pain, 
abdominal distention, and pressure. 60   Adenocarcinoma 
often accompanies these tumors because of the high es-
trogen production. 60  Thecomas are usually unilateral and 
may measure up to 20 cm in  diameter. 60  They occur most 
frequently in menopausal, postmenopausal 10  and, rarely, 
in women younger than 35 years. 60  Although they are 
not considered malignant, they may become invasive. 
Increased estrogen production may place the patient at 
greater risk for endometrial cancer. 60  

 A fi broma is very similar to the theca; however, it 
differs in that there is no hormone production. 60  Meigs’ 
syndrome (see subsequently), size, treatment, and inci-
dence is similar to thecomas. 60  Basal cell nevus (Gorlin) 
 syndrome patients have a higher incidence of fi broma 
development, resulting in bilateral, calcifi ed ovarian 
neoplasms developing in the third decade. 10,60,68  

 Imaging Findings 
 Sonography 

 The theca images as a solid, hypoechoic mass, possibly 
with cystic changes and calcifi cations. 10,60,68  This smooth-
contoured mass demonstrates posterior  shadowing 
 because of attenuation by the dense fi brous tissue com-
posing the neoplasm. 10,48,68  Occasionally, the large ovary 
may appear edematous as a result of torsion of the pedi-
cle due to the weight of the theca. 10,48  The theca becomes 
indistinguishable from a pedunculated leiomyoma be-
cause of the similar appearance of a solid, round or oval, 
smooth contoured mass with regular echogenicity. 46  

 Computed Tomography and MRI 

 The CT appearance of the theca becomes dependent 
on the presence or absence of torsion. In the contrast 
study, the theca images as a well-defi ned solid homo-
geneous or heterogeneous mass with delayed enhance-
ment. 68,69  The degree of enhancement varies dependent 
on the tumor composition with the homogeneous tu-
mor enhancing more than the heterogeneous tumor. 69  

 During the MRI exam, delayed weak enhancement 
occurs in the normal ovary because of the highly vascu-
larized theca cells. As the fi brotic tissue content varies 
in the theca, so does the degree of enhancement seen 
during the MRI exam. 70  Imaging of the smaller homoge-
neous solid fi broma results in a low-intensity T1 and T2 
signal. This signal intensity is due to the fi brous tissue 
found in the smaller fi broma. 68,70  Large fi bromas display 
a high signal intensity because of edema or cystic de-
generation of the mass (Fig. 8-52). 70,71  

 Treatment 

 Age is the main determination for patient treatment with 
a total hysterectomy and bilateral oophorectomy in the 
menopausal or postmenopausal patient. For the patient 
wishing to retain fertility, ovarian cystectomy or salpingo-
oophorectomy are the procedures of choice. 60,68  Removal 

Figure 8-52 This TAH-BSO specimen is demonstrated in standard 
anatomic position, with the right adnexa on the left side of the im-
age. The right ovary is replaced by a Brenner tumor, the left ovary 
by a mucinous cystadenoma. The cervical tumor is a nonkeratinizing 
squamous carcinoma.

Figure 8-53 Ovarian fi brothecoma. Sagittal T2-weighted image 
through the pelvis of a perimenopausal woman shows a large, pre-
dominately low signal–intensity mass (arrow) adjacent to the uterus 
with some internal areas of high signal intensity. The ovaries could 
not be identifi ed. Uterine fi broids were also present (arrowhead). 
This mass was initially mistaken for a subserosal leiomyoma.
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 Gonadoblastoma 

 The gonadoblastoma is a rare tumor found in either 
males or females and is composed of sex cord cells 
and stromal elements arising from dysplastic gonads. 
The karyotypes that result in a male pseudohermaph-
rodite have the highest incidence of this tumor with a 
four to one ratio between the male and female pheno-
types. 60   Approximately half contain dysgerminoma cel-
lular patterns and about a third of cases are  bilateral. 60,74  
Other tumors associated with the gonadoblastoma in-
clude the yolk sac tumor, embryonal carcinoma, and 
 choriocarcinoma. 60  

 Symptoms in these patients include primary amen-
orrhea, virilization, and abnormal development of 
genitalia. Gonadoblastoma is frequently detected in the 
 second decade of life. 60  

 Imaging Findings 

 The sonographic examination reveals a soft tissue 
 density and the diagnosis is made through histologic 
analysis 75  Size ranges up to 8 cm in size demonstrat-
ing areas of calcifi cation. 60  Radiography may image any 
calcifi cations. The larger fi eld of view seen with an MRI 
exam allows for tumor localization in the patient with 
gonadal dysgenesis and dysmorphic gonads. 75  

 Treatment 

 Bilateral gonadectomy is the treatment of choice with 
gonadal dysgenesis because of the increased risk of de-
veloping a gonadoblastoma. 60  Prognosis and treatment 
upon development of this tumor depends on the pres-
ence of any associated tumors, such as embryonal car-
cinoma or choriocarcinoma. 60  

 Sertoli-Leydig Cell Tumors 
 These unilateral tumors have several names: the 
 Sertoli-Leydig cell tumor, Sertoli-stromal cell tumors, 
arrhenoblastoma, or androblastoma. 34,48,60,71  These ac-
count for less than 0.5% of tumors. Patients present 
with pain or abdominal swelling, and one-third suf-
fer masculinization effects from elevated androgen 
 levels. 34,48  This tumor is also associated with Cushing’s 
syndrome. 71  Most cases occur in women approximately 
30 years of age. 34,48,60  Occasionally, these tumors relate 
to increased estrogen production and may be malignant 
in up to 20% of patients. 10,60  

 Patients present with oligomenorrhea followed by 
amenorrhea, acne, atrophy of the breasts, hirsutism, 
voice deepening, temporal balding, and clitoral enlarge-
ment. Abdominal swelling and pain in patients without 
the endocrine symptoms occur in some patients par-
tially due to the large size (12 to 15 cm) of the mass. 60  

 Imaging Findings 

 These nonspecifi c solid ovarian neoplasms image on 
the sonogram as echogenic or hypoechoic masses. 48  
 Areas of necrosis or hemorrhage may image. 60  On the 

of all cases are found in menopausal women, with the 
other half found in reproductive (45%) and adolescent 
women. 48  This low malignancy potential tumor makes 
up 1% to 2% of ovarian neoplasms 11,46 ; however, up 
to 15% of patients develop endometrial carcinoma be-
cause of the high estrogen levels. 10  

 Juvenile GCTs occur in women up to 30 years of age. 
This ovarian neoplasm has associations with Ollier’s 
disease, Maffucci’s syndrome, and abnormal karyo-
types in the younger patient. 60  

 Symptoms depend on the age of onset, with the 
younger patient presenting with isosexual precocious 
puberty, pain, increasing abdominal girth, and the old-
er woman with tender breasts and abnormal vaginal 
bleeding. 10,48,60,70  As with any solid tumor, torsion results 
in pain and rupture of the tumor. Pseudo-Meigs’ syn-
drome may also occur. 48  

 Imaging Findings 
 Sonography 

 In the adult, these unilateral tumors can become quite 
large (average 10 to 12 cm 48,60 ) and vary in appearance. 
Smaller masses appear solid to complex because of 
hemorrhage or fi brosis. 10,48  The tumors vary in presen-
tation from isoechoic to slightly hypoechoic and het-
erogeneous. 72  Low-level internal echoes image similar 
to an endometrioma or cystadenoma. 48  In the presence 
of torsion, the mass becomes multiloculated with blood 
or fl uid contents. 48  Endometrial hyperplasia or polyps 
occur because of the high estrogen levels. 48,60,71  

 In a small study, color fl ow Doppler was found to 
be consistent with benign fi ndings of peripheral fl ow 
indicative of a borderline malignant mass. 72  Cystic liver 
masses may be an indication of liver metastasis from a 
malignant form of the GCT. 10  

 Computed Tomography and MRI 

 Imaging features of the germ cell tumor correlate well 
between CT, MRI, and sonography. 72  CT demonstrate 
multiloculated cystic lesions with fi brotic, infarct, ne-
crosis, and hemorrhagic changes. 71,72  One benefi t of CT 
or MRI over sonography is the ability to image any 
peritoneal seeding or hemoperitoneum. 71  MRI has the 
added benefi t of imaging any endometrial or uterine 
enlargement that is the result of the high estrogen 
 levels. 72,73  

 Treatment 

 Treatment of young women for this type of tumor in-
cludes removal of the affected ovary and tube. Staging 
of the tumor determines any potential for malignancy. 
A bilateral salpingo-oophorectomy with a hysterectomy 
in the postmenopausal patient eliminates late malig-
nant behavior in the following 10 to 20 years. 60  Patients 
wishing to preserve fertility may undergo removal of the 
ovary or tumor. Adjunct chemotherapy is another step 
that helps prevent the chance of malignant spread. 60  
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ages. 48  They are seen most commonly in the third and 
fourth decades of life and range in size from 1.5 to 19 
cm. Paraovarian cysts are diffi cult to distinguish from 
other ovarian lesions by physical or ultrasound exami-
nation. Most symptomatic patients present with men-
strual irregularities, increased lower abdominal girth, 
and pain if the cyst is large. Some small cysts remain 
asymptomatic and are found incidentally on ultrasound 
examination or at surgery. 

 Sonographically, paraovarian cysts appear thin 
walled, unilocular, and free of internal echoes. They 
arise from the adnexa and not the ovary, but this may 
not be a simple ultrasound diagnosis. 46  Because they 
do not respond to cyclic changes, their size does not 
change in relation to the menstrual cycle. 48  On occa-
sion, a paraovarian cyst may be recognized when a 
cyst is noted to be separate from an intact ovary and 
the fallopian tube is draped or stretched over the cyst. 
With the EV technique, the sonographer may be able 
more easily to establish the separation of the paratub-
al mass from the ovary. As with other cystic masses, 
hemorrhage, torsion, and rupture alter the sonographic 
 appearance. 

 Peritoneal Inclusion Cysts 
 Fluid-fi lled masses resulting from accumulations of se-
rous fl uid between adhesions or layers of peritoneum 
may be seen sonographically, usually in patients with 
a history of pelvic adhesions or surgery. 48  These col-
lections are referred to as peritoneal inclusion cysts. 
Noted almost exclusively in premenopausal women, 
affected patients present with pelvic pain or mass. 48  
The patient histories includes previous surgery (fre-
quently multiple operations), endometriosis, or a his-
tory of PID. 48  

 Peritoneal inclusion cysts are usually contiguous 
with the adnexa and may distort the appearance of 
the ovaries by displacing them. EV sonography often 
reveals multiple septations within fl uid surrounding 
an intact ovary, reminiscent of “a spider in a web.” 
When large, these inclusion cysts may be better eval-
uated with the transabdominal approach. Sohaey and 
colleagues used color Doppler and pulsed Doppler to 
reveal relatively low resistive fl ow in the septations of 
peritoneal inclusion cysts. 

 Differential Diagnosis 

 In the proper clinical setting, it is imperative that ec-
topic pregnancy and endometriosis be included in the 
differential diagnosis of the pelvic mass. The sono-
graphic presentation of ectopic pregnancy and endo-
metriosis ranges from predominantly cystic to complex 
pelvic masses. These entities are discussed in detail in 
 Chapters 11 and 15. 

 The differential diagnoses for benign cystic and 
solid ovarian masses are presented in Table 8-7. 

MRI exam, the tumor images as a hyperintense mass on 
the T1-weighted image. 71  

 Treatment 

 Treatment for these tumors, as with any other, becomes 
dependent on the composition. The patient with a tu-
mor limited to the affected ovary who wishes to pre-
serve fertility could do well with removal of the affected 
tube and ovary. In the postmenopausal patient, a total 
hysterectomy and bilateral salpingo-oophorectomy is 
the procedure of choice. 60  

 A Note about Meigs’ Syndrome 
 The triad of ascites, pleural effusion, and an ovarian 
neoplasm often is referred to as Meigs’ syndrome. 76,77  
This mass may be a fi broma, theca, or granulo-
sa tumor. 76  This rare clinical sequelae has several 
 iterations dependent on the disease process. Pseudo-
Meigs’ syndrome has the same clinical fi ndings; how-
ever, the cell types originally described by Meigs’ are 
absent.  Ovarian tumors found with pseudo-Meigs’ 
include fallopian tube, uterine, mature teratomas, 
struma ovarii, and ovarian leiomyomas. 76–78  Upon re-
moval of the tumor, the pleural effusion and ascites 
resolve. 76  

 Yet another variation, pseudo-pseudo Meigs’ syn-
drome, is the result of enlarged ovaries, ascites, and 
pleural effusion in a patient with systemic lupus ery-
thematosus. Ovaries in this patient population  measure 
large without the accompanying masses seen with 
 either Meigs’ or pseudo-Meigs’ syndromes. 76  

 OVARIAN REMNANT SYNDROME 

 A complication of prior bilateral salpingo-oophorecto-
my is the ovarian remnant syndrome. In this syndrome, 
postoperative remnants of ovarian tissue become func-
tional. 10  Women can present with chronic pelvic pain, 
a mass, or both. 10,32  This occurs most frequently in pa-
tients who have undergone pelvic exploration because 
of severe endometriosis. 32  Ovarian remnant syndrome 
can also develop in patients who had severe adhesions 
where dissection of the ovary may have been diffi cult. 
Sonographically, solid tissue similar in echogenicity to 
ovarian tissue visualizes with or without accompany-
ing cysts. 10,48  

 MISCELLANEOUS 

 Paraovarian and Paratubal Cysts 
 Paraovarian or paratubal cysts develop from vestigial 
wolffi an duct structures or arise from the tubal epitheli-
um. The paraovarium is located in the mesosalpinx, the 
portion of broad ligament between the fallopian tube 
and the hilum of the ovary. 46  These cysts represent 10% 
of all adnexal masses and occur over a wide range of 
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 • Rupture of a uterine scar (dehiscence) is a compli-
cation occurring in pregnancy after a C/S, myomec-
tomy, or instrument perforation. 

 • Leiomyomas occur in any area of the cervix or uterus. 

 • Degenerated leiomyomas may mimic ovarian or uter-
ine pathology. 

 • Extrauterine infectious process often image similarly 
to a neoplasm; however, they have additional symp-
toms of fever, chills, increased WBC, and possible 
positive bacterial cultures. 

 • Hematomas and lymphocele can be due to surgical 
processes such as renal transplants. 

 • The abnormal appendix measures greater than 6 mm, 
demonstrates hyperemia with color modes, and may 
mimic or cause tubo-ovarian abscesses. 

 • Physiologic ovarian cysts include functional, follicu-
lar, corpus luteal, and theca lutein cysts. 

 • Hemorrhagic cysts have a variable appearance de-
pendent on the stage of resolution. 

 • Ovarian torsion can result due to a functional cyst, 
hyperstimulation, or a neoplasm. The sonographic 
appearance varies on the amount of time the ovary 
has been torsed. 

 • PCOS is a complex, androgen-dependent process often 
resulting in sonographically large ovaries with mul-
tiple small cysts located in the periphery of the ovary. 

 • Tumors containing teeth, hair, glandular tissues, and 
possibly neural or thyroid tissue are teratomas or der-
moid tumors. 

 • Serous or mucinous material fi lls the cystadenoma, 
resulting in low-level pinpoint internal echoes in the 
large mass during the sonographic exam. 

 • Brenner tumors image similar to leiomyoma, fi bro-
ma, or theca tumors. 

 • Theca cell tumors, thecomas, and GCT have similar 
composition with determination of the type through 
the predominance of the cell type and hormone pro-
duction of the tumors. 

 • Gonadoblastomas occur in a karyotypical male pseu-
dohermaphrodite with a female phenotype. 

 • Sertoli-Leydig cell tumors result in high androgen lev-
els presenting with nonspecifi c ovarian fi ndings on 
imaging studies. 

 • Meigs’ syndrome is the triad of an ovarian neoplasm, 
ascites, and pleural effusion. Originally used to 
 describe fi ndings with a fi broma, additional academ-
ic-based categories of pseudo-Meigs’ and pseudo-
pseudo Meigs’ are in use. 

 • Additional causes of cystic pelvic masses include 
ovarian remnant syndrome, paraovarian, paratubal, 
and peritoneal inclusion cysts. 

 Fluid-fi lled bowel or abnormal bowel may mimic 
cystic, complex, or solid adnexal masses. Sonogra-
phy cannot differentiate between benign and malig-
nant masses, but it can identify tissue characteristics 
suggestive of benignity or malignancy. Solid adnexal 
tumors tend to be more malignant, as do cysts with 
multiple septations or solid mural nodules. Associat-
ed ascites, peritoneal implants, or visceral metastases 
also favor malignancy. 

 SUMMARY 
 • Nabothian cysts are a common fi nding in gyneco-

logic imaging, appearing as a hypoechoic cystic area 
within the cervix. 

 • Diagnosis of endometrial hyperplasia is made 
through measurement of two layers of endometrium 
equaling 14 mm in premenopausal women, 10 mm 
in women on tamoxifen, and 8 mm in postmeno-
pausal women. 

 • Asherman’s syndrome images as hyperechoic bands 
within the uterine cavity and is due to scar develop-
ment after surgical procedures. 

TABLE 8-7

Differential Diagnosis for Benign Adnexal Masses

CYSTIC ADNEXAL MASSES

Follicular cyst
Corpus luteum cyst
Paraovarian cyst
Peritoneal inclusion cyst
Hemorrhagic cyst
Hydrosalpinx
Endometrioma
Benign cystic teratoma

PREDOMINANTLY CYSTIC ADNEXAL MASS WITH 
SEPTATIONS OR DEBRIS

Theca lutein cyst
Hemorrhagic cyst
Cystadenoma
Tubo-ovarian abscess
Ectopic pregnancy
Cystic adnexal mass

SOLID ADNEXAL MASS

Endometrioma
Hemorrhagic cyst
Brenner tumor
Theca
Fibroma
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 1. Sue is a 26-year-old complaining of few and light peri-
ods. She has been trying to conceive without success 
for the last year and has begun a workup for infertili-
ty. Initial laboratory fi ndings include an LH/FSH ratio.
SONOGRAPHIC FINDINGS: Thick endometrium mea-
suring 15 mm on the AP dimension. Bilateral large 
ovaries demonstrating multiple small peripheral cysts 
with echogenic central ovarian tissue. The cervix 
contains two anechoic, smooth-walled areas.
What do the sonographic fi ndings indicate? Explain 
the primary cause of the fi ndings.
ANSWER: Endometrial hyperplasia due to PCOS. The 
hormone imbalance accompanying PCOS results in 
the lack of ovulation and thus the development of the 
characteristic ovarian appearance. This lack of men-
ses also results in the thickened endometrium. Nabo-
thian cysts within the cervix are an incidental fi nding 
and of no consequence if the patient is asymptomatic.

 2. A 30-year-old patient presents to the sonography de-
partment with complaints of intermittent right lower 
quadrant pain. She has been using over-the-counter 
pain medication and currently has a pain score of 6. 
Her clinician found no fever, normal WBC, negative 
pregnancy test, and a large palpable right ovary. She 
is G4P3A0 with an LMP 3 weeks ago.
SONOGRAPHIC FINDINGS: Normal uterus with a 
secretive phase endometrium. The left ovary is 
normal in size with a 2-cm hypoechoic area with 

Critical Thinking Questions
irregular borders containing low-level echoes. The 
right adnexa demonstrates a 4-cm cystic mass with 
an echogenic nodule with posterior shadowing. A 
structure identifi ed as the right ovary imaged as a 
hypoechoic structure with striations. The mass and 
ovary remained connected with patient position, 
transducer, and external manipulation. Color Doppler 
imaging of the left ovary demonstrates increased fl ow 
in the periphery of the left hypoechoic area. Color 
and power Doppler of the right adnexa demonstrated 
a lack of fl ow in the cystic mass and the ovary.
Summarize the pertinent clinical and imaging fi nd-
ings, relating them to probable disease differentials. 
Explain the difference between this case and one 
with an infectious process.
ANSWER: The left ovary contains a resolving corpus 
luteum cyst, which correlates to the secretory phase 
of the patient’s cycle. These fi ndings correlate to the 
presence of a dermoid/teratoma on the right ovary 
with intermittent torsion.
This would not be an infectious process such as 
appendicitis or PID because of the lack of correlat-
ing symptoms such as a fever or an increased WBC. 
An ectopic pregnancy would also be unlikely, as the 
pregnancy test is negative.
To gauge a patient’s pain, we use a scale from 1 to 
10 with 10 the worst and 1 the least. Though subjec-
tive, it is one method to gauge the intensity of pain 
experienced.
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infl uence of progestin; frequent cause of bleeding, 
 especially in postmenopausal women 

 Endometrial polyp Pedunculated or sessile mass 
 attached to the endometrial cavity 

 Endometrioid Presence of endometrial tissue of  varying 
differentiation 

 Epithelioid trophoblastic tumor Variant of placental 
site trophoblastic tumor 

 Fallopian tube carcinoma Very rare gynecologic 
 malignancy occurring most often in postmenopausal 
 patients in the sixth decade; adenocarcinoma is the 
most common histologic type 

 Gadolinium Rare earth metallic element possessing 
paramagnetic properties that are used in contrast media 
for magnetic resonance imaging (MRI) 

 Gestational trophoblastic neoplasia (GTN) Tropho-
blastic tissue that has overtaken the pregnancy and 
propagated throughout the uterine cavity; these tumors 
arise from the placental chorionic villi 

 Granulosa cell tumor Fleshy ovarian tumor with 
 yellow streaks that originates in cells of the primordial 
membrana granulosa and may grow to an extremely 
large size 

 KEY TERMS 

 adenocarcinoma  |  cervical carcinoma  |  cervical polyp  |  choriocarcinoma  |  endometrial 
carcinoma  |  endometrial hyperplasia  |  endometrial polyp  |  epithelioid trophoblastic tumor 
 |  fallopian tube carcinoma  |  hereditary nonpolyposis colon cancer (HNPCC)  |  human 
papillomavirus (HPV)  |  hydrops tubae profl uens  |  invasive mole  |  leiomyosarcoma  |  
Papanicolaou (Pap) smear  |  persistent trophoblastic neoplasia (PTN)  |  placental site 
trophoblastic tumor (PSTT)  |  sonohysterography, squamous cell carcinoma  |  tamoxifen 

  9  Malignant Disease of the 
 Uterus and Cervix 
 Faith Hutson 

 OBJECTIVES 

 Associate endometrial carcinoma with its risk factors, imaging appearance, and 
prognosis 

 Distinguish the difference between a leiomyoma and leiomyosarcoma 

 Identify fallopian tube carcinoma risk factors, imaging characteristics, and long-term 
prognosis 

 List the disease process and imaging characteristics for cervical carcinoma 

 Summarize the genetic makeup of persistent trophoblastic neoplasia 

 GLOSSARY 

 Adenocarcinoma Malignant tumor arising from any 
glandular organ 

 Adenosis Any disease of a gland or of glandular tissue 

 Androstenedione Pivotal adrenal steroid that is a 
 precursor to testosterone and other androgens 

 Antiestrogen Any substance that blocks or modifi es 
the action of estrogen 

 Antineoplastic Prevents the development, growth, or 
proliferation of malignant cells 

 Cervical polyp Hyperplastic growth that protrudes 
from the epithelium of the cervix; may be broad based 
or pedunculated 

 Cervical stenosis Narrowing or obstruction of the 
 cervical canal caused by an acquired condition 

 Choriocarcinoma Metastatic type of persistent tropho-
blastic neoplasia that can result from any type of preg-
nancy but most often occurs with a molar pregnancy 

 Endometrial carcinoma Malignant condition that 
presents with abnormal thickening of the endometrial 
cavity and irregular bleeding in perimenopausal and 
postmenopausal women 

 Endometrial hyperplasia Condition that results from 
estrogen stimulation to the endometrium without the 
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 Peutz-Jeghers syndrome Inherited disorder character-
ized by the presence of polyps of the small  intestine and 
melanin pigmentation of the lips, mucosa, fi ngers, and 
toes; anemia from the intestinal polyps is common 

 Placental site trophoblastic tumor (PSTT) Type of 
PTN that usually occurs several years after a normal 
term pregnancy 

 Polycystic ovarian syndrome Endocrine disorder as-
sociated with chronic anovulation and Stein-Leventhal 
syndrome 

 Polypoid Containing more than two normal sets of 
chromosomes 

 Pulsatility index (PI) Doppler measurement that uses 
peak systole minus peak diastole divided by the mean 

 Radiation therapy Treatment of neoplastic disease by 
using X-rays or gamma rays; deters the proliferation of 
malignant cells by decreasing mitosis or by impairing 
DNA synthesis 

 Resistive index (RI) Peak systole minus peak diastole 
divided by peak systole; an RI 0.7 or lower indicates 
good perfusion of an organ, whereas an RI greater than 
0.7 indicates decreased perfusion 

 Salpingo-oophorectomy Surgical removal of the 
 fallopian tubes and ovaries 

 Sonohysterography Injection of sterile saline into the 
endometrial canal under ultrasound guidance; this pro-
cedure allows for good visualization of the endometrial 
borders to rule out pathology 

 Squamous cell carcinoma Slow-growing  malignant 
 tumor composed of squamous epithelium; most 
 common type of cervical cancer 

 Submucosal leiomyoma Type of leiomyoma that 
deforms the endometrial cavity and can cause heavy or 
irregular menses 

 Tamoxifen Nonsteroidal antiestrogen compound that 
is currently the most widely prescribed drug for the 
treatment of breast cancer 

 Teratogenic Causing congenital anomalies or birth 
defects 

 Human chorionic gonadotropin (hCG) Hormone 
 secreted by the placental trophoblastic cells; it is 
found in the urine and blood of pregnant women; 
elevated levels are found with GTN 

 Human papillomavirus (HPV) Virus that is  transmitted 
through sexual contact and produces lesions on the 
mucous membranes; considered a causative factor in 
cervical carcinoma 

 Hydrops tubae profl uens Watery discharge sometimes 
present with fallopian tube carcinoma 

 Invasive mole Tumor penetrating into and possibly 
through the uterine wall 

 Leiomyoma Benign tumor composed of smooth muscle 
cells and fi brous connective tissue that occurs in the 
uterus 

 Leiomyosarcoma Malignant uterine tumor com-
posed of smooth muscle cells and fi brous connec-
tive tissue; sonographically, it appears like a benign 
leiomyoma 

 Metastases Spread of bacteria or body cells, especially 
of cancer cells, from one part of the body to another 

 Methotrexate Drug prescribed in the treatment of 
severe psoriasis and a variety of malignant neoplastic 
diseases 

 Papanicolaou (Pap) smear Cytological study (devel-
oped by George Nicholas Papanicolaou) used to detect 
cancer in cells that an organ has shed; used most often 
in the diagnosis and prevention of cervical cancer and 
also valuable in the detection of pleural or peritoneal 
malignancies 

 Pelvic infl ammatory disease Infection of the 
uterus, fallopian tubes, and adjacent pelvic struc-
tures; usually caused by an ascending infection in 
which disease- producing germs spread from the 
vagina and cervix to the upper portions of the female 
 reproductive tract 

 Persistent trophoblastic neoplasia (PTN) Malignant 
end of the GTN spectrum; this group of life-threatening 
diseases persists most often from a molar pregnancy 

 Sonography is a relatively inexpensive and  noninvasive 
tool for detecting and evaluating female pelvic pathol-
ogy. Its ability to visualize characteristics, morphology, 
size, and location of a mass makes sonography useful 
in imaging pelvic pathology. Intracavitary transducers, 
both endovaginal and endorectal, give improved visual-
ization of the regional anatomy, providing information 
that can aid in staging of uterine and cervical malig-
nancies. Three-dimensional (3D) ultrasound simultane-
ously displays sagittal, transverse, and coronal planes. 
By creating a voxel of stored information, the rendered 
images can be manipulated to evaluate pelvic struc-
tures in different planes. Additionally, 3D ultrasound 
provides more specifi c information by reconstructing 

organ volume that can be indicative of pathology. Sono-
hysterography and particularly 3D sonohysterography 
can elucidate the etiology of endometrial thickening 
and the exact location of intrauterine pathology. Color 
and spectral Doppler evaluation of uterine endometrial 
and myometrial blood fl ow is a helpful adjunct to fa-
cilitate treatment of pelvic carcinomas. Sonography is 
also valuable in guiding biopsies and other interven-
tional procedures. Magnetic resonance imaging (MRI) 
and computed tomography (CT) are two other imaging 
methods. MRI is used for tissue characterization and 
staging of malignancies. CT has a more limited role 
but is used for determining metastatic spread or tumor 
 recurrence. 



 9 — Malignant Disease of the Uterus and Cervix 215

 ENDOMETRIAL CARCINOMA 
 CLINICAL INFORMATION 

 Epidemiology and Risk Factors 
 In developed countries such as the Unites States, endo-
metrial carcinoma is the most common gynecological 
 malignancy; by contrast, in developing countries, carcino-
ma of the cervix is more common. In 2007,  approximately 
39,000 cases of endometrial carcinoma were predicted to 
 occur in the United States; 7,400 of these patients will die. 1  
Fortunately, despite the increased incidence, endometrial 
carcinoma has the best prognosis when diagnosed early 
compared to other gynecological carcinomas. 

 Multiple risk factors are associated with the develop-
ment of endometrial carcinoma. Obese patients have a 
higher risk because fat is responsible for the conversion 
of androstenedione to estrogen compounds at a much 
higher rate than if fat is not present. Current data indi-
cate that women who are 50 lb heavier than their ideal 
weight have a twofold to threefold increased risk of de-
veloping endometrial cancer. Nulliparity also increases 
the risk twofold to threefold when compared with parity. 

Late menopause (after 52 years old) also seems to be a 
risk factor. Also, a higher incidence is associated with 
adenomatous polyps, family history of endometrial car-
cinoma, and the use of unopposed estrogen, either as re-
placement therapy or endogenously produced, including 
polycystic ovarian syndrome or granulosa cell tumors. 1  
Estrogen has a proliferative effect on the endometrium; 
approximately 25% of patients with atypical endome-
trial hyperplasia develop endometrial carcinoma. 2,3  

 Several other medical conditions predispose women 
to endometrial cancer. Patients who have hereditary non-
polyposis colon cancer (HNPCC) and those who have 
had breast cancer have a twofold to threefold  increase. 1,4  
Tamoxifen, a nonsteroidal antiestrogen compound, 
is currently the most widely prescribed antineoplastic 
drug in the world for the treatment of breast cancer. 
 Tamoxifen is effective because it competes with estro-
gen for estrogen receptors. In premenopausal women, it 
has an antiestrogen effect; however, in postmenopausal 
women, it may have estrogenic effects. An increased 
risk of endometrial carcinoma, endometrial hyperplasia, 
and polyps has been reported in patients on tamoxifen 

A B
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Figure 9-1 A: This sagittal, endovaginal image demonstrates the typi-
cal appearance of an endometrium in a patient undergoing tamoxifen 
therapy. B: A transverse image of the same endometrium. C: A Color 
power angio image of the endometrium demonstrates fl ow in the cen-
tral portion of the complex mass. (Images courtesy of Philips Medical 
Systems, Bothell, WA.)
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PATHOLOGY BOX 9-1

Endometrial Cancer

Risk Factors Signs/Symptoms Sonographic Findings

Obesity Uterine bleeding Heterogeneous endometrium
Nulliparity Pain Irregular or poorly defi ned endometrial margins
Menopause after age 52  Cystic changes
Adenomatous polyps  Hydrometra or hematometra
Family history of endometrial cancer  Enlarged uterus
Use of unopposed estrogen  Lobular uterine contour
PCOD
Granulosa cell tumors
Endometrial hyperplasia
HNPCC
Tamoxifen use

Figure 9-2 Adenocarcinoma of the endometrium. The uterus has 
been opened to reveal a partially necrotic, polypoid endome-
trial cancer. (Image from Rubin E, Farber JL. Pathology. 3rd ed. 
 Philadelphia, PA: Lippincott Williams & Wilkins; 1999.)

therapy (Fig. 9-1). 5  According to Callen,3 data point to 
high-risk and low-risk groups that can be identifi ed prior 
to tamoxifen treatment. Patients are screened with en-
dovaginal sonography, and those with no uterine abnor-
malities appear to be at a very low risk for developing 
atypical hyperplasia. Patients with any uterine lesion 
seem to have an 18-fold increased risk and, even if as-
ymptomatic, may be candidates for serial surveillance. 6  

 Recent studies show that, in contrast with tamoxi-
fen, the use of combination oral contraceptives (OCs) 
decreases the risk of developing carcinoma of the endo-
metrium. Women who have been on an OC for at least 
12 months are protected for approximately 10 years 
after OC use. This protection is most notable for nul-
liparous women. 1  

 Smoking also appears to decrease the risk of endo-
metrial carcinoma because it decreases body weight, 
with obese smokers having the greatest risk reduction. 
Additionally, smokers undergo menopause approxi-
mately 1 to 2 years earlier than nonsmokers. Unfortu-
nately, these benefi ts are offset by the huge risk of lung 
cancer and the other major health problems that are 
associated with smoking. 1  

 Pathophysiology 
 Histologically, over 80% of endometrial carcinomas are 
of the endometrioid type. Endometrioid simply refers to 
the presence of endometrial tissue of varying differen-
tiation and can be subdivided into two groups: type 1 
(low grade) and type 2 (high grade). Type 1 carcinomas 
are connected to long-term unopposed estrogen ther-
apy; they progress from endometrial hyperplasia and 
have a good prognosis. Type 2 carcinomas, which are 
less common (approximately 10% of cases), are most 
often associated with an atrophic endometrium and 
have a much poorer prognosis. About 8% of patients 
with endometrial carcinoma also present with histolog-
ically similar ovarian carcinoma (Fig. 9-2). 6  

 Endometrial carcinoma is also classifi ed into grades 
1 through 3, depending on the histopathology and 

degree of tumor differentiation. This classifi cation 
is different than the staging of the disease, which is 
based on the extent of tumor spread. Current Inter-
national Federation of Gynecologists and Obstetricians 
(FIGO) staging for endometrial carcinoma is based on 
both surgical and pathological fi ndings (Fig. 9-3). Im-
portant diagnostic features in staging the disease in-
clude the depth of myometrial invasion; involvement 
of the cervix; extension to the tubes, ovaries, or pelvic 
lymph nodes; and distant metastases to lungs or other 
organs. 

 Clinical Diagnosis 
 Carcinoma of the endometrium is usually diagnosed in 
the sixth or seventh decade. There is a higher rate of 
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Figure 9-3 A: Adenocarcinoma of the endometrium (FIGO grades 1 
to 3). Grade 1: The tumor is well differentiated and composed  entirely 
of glands. B: Adenocarcinoma of the endometrium (FIGO grades 1 
to 3). Grade 2: The cancer is moderately differentiated and shows both 
glands and solid sheets of cells. C: Adenocarcinoma of the endome-
trium (FIGO grades 1 to 3). Grade 3: The tumor is poorly  differentiated 
and is composed entirely of sheets of cells.  Numerous mitoses are pres-
ent. (Image from Rubin E, Farber JL. Pathology. 3rd ed.  Philadelphia, 
PA: Lippincott Williams & Wilkins; 1999.)

occurrence among white women compared with black 
women: 26.1 cases per 100,000 compared to 19.6 cases 
per 100,000, respectively. However, there is a higher 
rate of mortality among black women compared to 
white women: 7.1 deaths per 100,000 versus 3.9 deaths 
per 100,000. 10  

 The most common clinical presentation is uterine 
bleeding, although only 10% of patients with postmeno-
pausal bleeding actually have endometrial  carcinoma. 11  
Pain may also occur because of uterine distention re-
sulting from intracavitary bleeding associated with 
cervical stenosis. Symptoms of postmenopausal pelvic 

PATHOLOGY BOX 9-2

Surgical-Pathologic Staging of Endometrial  Carcinoma

Stage Characteristics

Stage I A: Tumor limited to endometrium
 B:  Invasion to less than one-half the myometrium
 C:  Invasion to more than one-half the myometrium
Stage IIa A:  Endocervical glandular involvement only
 B: Cervical stromal invasion
Stage IIIa  A:  Tumor invades serosa or adnexa and/or positive peritoneal cytology
 B: Vaginal metastases
 C:  Metastases to pelvic and/or para-aortic lymph nodes
Stage IVa A:  Tumor invades of the bladder and/or bowel mucosa
 B:  Distant metastases including intra-abdominal and/or inguinal lymph nodes
a Pathologic stages G1: Highly differentiated adenomatous carcinomas
 G2:  Differentiated adenomatous carcinomas with partly solid areas
 G3:  Predominantly solid or entirely undifferentiated carcinomas
Adapted from the International Federation of Gynecologists and Obstetricians [FIGO] Cancer Committee Report. Rio de Janeiro, Brazil, 
October 1989.
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A B
Figure 9-4 A: Sagittal endovaginal image of an endometrium demonstrating cystic changes. B: Transverse view of the thickened, cystic endo-
metrium. (Images courtesy of Philips Medical Systems, Bothell, WA.)

Figure 9-5 Sagittal (A) and transverse (B) endovaginal images of hematometra demonstrating the characteristic complex appearance of 
blood within the endometrium. (Images courtesy of Philips Medical Systems, Bothell, WA.)

A B

(Fig. 9-4) within the endometrium are more likely to 
be the result of endometrial atrophy,  hyperplasia, or 
polyps but can also be seen with cancer.  Endometrial 
carcinoma is also likely to obstruct the  endometrial 
 canal and cause hydrometra or hematometra (Fig. 9-5). 
Enlargement with lobular contour of the uterus and 
mixed echogenicity is more indicative of an advanced 
disease stage. 

 A detailed analysis of the endometrial lining and the 
subendometrial hypoechoic halo, which corresponds to 
the compact vascular inner myometrial segment, may 
provide a clue to the presence or extent of myometrial 
invasion. It has been suggested that an intact subendo-
metrial halo in the presence of endometrial carcinoma 
would imply superfi cial involvement only and that 
disruption or obliteration of the halo would indicate 
deep myometrial invasion. 12  Deep myometrial invasion 
(stage IC) constitutes more than 50% extension into the 
myometrial thickness with an intact outer rim. 6  

 Ultrasound can be helpful in distinguishing stage I or 
II carcinoma (carcinoma confi ned to the uterus) from 
stage III or IV (carcinoma extending beyond the uter-
us). By using simultaneous display of the transverse 

infl ammatory disease may be present secondary to tu-
mor necrosis and infection. Dilation and curettage and 
endometrial biopsy provide the tissue necessary to con-
fi rm the diagnosis. 

 Treatment 
 Treatment includes a total hysterectomy, bilateral sal-
pingo-oophorectomy, and peritoneal fl uid aspiration 
and washings. Depending on tumor stage and grade, 
selective pelvic and para-aortic lymphadenectomy is 
performed. Radiation therapy is usually prescribed 
as an adjunctive treatment; sometimes chemotherapy 
 (cisplatin) is used even though it has a greater toxicity. 

 SONOGRAPHIC IMAGING 

 Diagnostic Features 
 For patients with abnormal uterine bleeding, pelvic 
 ultrasound is initially the modality of choice. Endova-
ginal scanning facilitates a detailed study of endome-
trial and myometrial texture. If the  endometrium has 
a heterogeneous echotexture with irregular or poorly 
defi ned margins, cancer is more likely. Cystic  changes 
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plane with 3D ultrasound, it is possible to detect infi l-
tration of endometrial or cervical carcinoma into the 
bladder or rectum. Presence of a mass adjacent to the 
uterus may represent direct extension, metastases to 
the ovary, lymph node enlargement, or a coincidental 
ovarian mass. If the urinary bladder is involved, ure-
teral obstruction is likely to be present and the kidneys 
should be scanned for evidence of hydronephrosis. 

 Because of tumor angiogenesis, color and pulsed 
Doppler can give accurate information for the diagno-
ses of endometrial carcinoma. Endometrial blood fl ow 
is usually not seen in the normal or atrophic endome-
trium nor in most cases of endometrial hyperplasia. 
According to Kupesic et al.,5 in 91% of their cases, 
neovascularization was demonstrated. Intratumoral 
fl ow indicates low vascular resistance, resistive index 
(RI)  �  0.42  �  0.02. Invasion of the myometrial vessels 
is suspected if there is an increase in fl ow signals sur-
rounding a lesion; this is due to an absent or incom-
plete myometrial membrane. 

 Technique and Protocol 
 It is important to identify the endometrial lining, which 
represents the endometrial canal. Endometrial lining 
thickness is measured from the refl ective  interface of 
the basalis layer of the endometrium, anterior to pos-
terior. The hypoechoic myometrial layer should not be 
included. Also, any fl uid present within the endome-
trial canal should be excluded from the measurement. 

 There are disadvantages in distinguishing benign 
from malignant pathology when using conventional 
two-dimensional (2D) ultrasound to measure endome-
trial thickness. In itself, a prominent endometrium is 
not a specifi c sign of endometrial carcinoma. Endome-
trial thickness varies considerably with different factors. 
These include whether the patient is obese or diabetic, 
whether she is perimenopausal or postmenopausal and 

for how long, and whether the patient is taking hor-
mone replacement therapy, either estrogen alone or a 
combination of estrogen and progesterone. 1  3D sonog-
raphy assesses endometrial volume, which is superior 
in distinguishing carcinoma from benign pathology. 
 Studies have found that the endometrial volume was 
markedly higher in patients with carcinoma than in 
those with benign changes. In symptomatic postmeno-
pausal patients, the endometrial volume measurements 
were superior to endometrial thickness measurements 
as a diagnostic test for the detection of carcinoma. In-
creasing endometrial volume is related to an increased 
severity or higher grade of endometrial cancer and myo-
metrial invasion. 5  In addition to endometrial volume, 
Kupesic et al. used other 3D sonographic and power 
Doppler criteria to diagnose endometrial carcinoma. 
These criteria include subendometrial halo irregularity, 
presence of endometrial fl uid, vessel architecture, and 
vessel branching pattern. 5  

 Any changes in size and echogenicity of either the 
uterus or cervix should be noted and the adnexal re-
gion imaged to identify the ovaries and any adnexal 
masses. Also note the presence of pelvic or abdominal 
ascites. If the sonographic fi ndings in the pelvis suggest 
a neoplasm, extend the examination to include the liver 
and abdominal viscera to search for possible metasta-
ses. Image the kidneys to document the presence or 
absence of hydronephrosis and scan the para-aortic and 
para-caval areas for adenopathy. 

 OTHER IMAGING MODALITIES 

 Both MRI and CT are useful in determining lymphade-
nopathy and distal metastatic disease (stages III and 
IV). In addition, CT is commonly used to determine 
recurrent disease because it affords great defi nition of 
pelvic sidewalls and retroperitoneal anatomy. 

PATHOLOGY BOX 9-3

Three-Dimensional Sonographic and Power Doppler Criteria for the Diagnosis of Endometrial Malignancy

3D Sonographic and Power Doppler Criteria Score

Endometrial volume �13 mL score 0
 �13 mL score 2
Subendometrial halo Regular score 0
 Disturbed score 2
Intracavitary fl uid Absent score 0
 Present score 2
Vessel’s architecture Linear vessel arrangement score 0
 Chaotic vessel arrangement score 2
Branching pattern Simple score 0
 Complex score 2
TOTAL SCORE
Total score � sum of individual scores
Cut off score � greater or equal to 4 is associated with a high risk of endometrial malignancy. Reprinted with permission from  Kupesic S. Color 
Doppler and 3D Ultrasound in Gynecology, Infertility and Obstetrics 1st ed. New Delhi: Jaypee Brothers Medical Publishers (P) Ltd, 2003.
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 The overall accuracy of MRI in the staging of en-
dometrial carcinoma is approximately 85%; the use of 
gadolinium increases this accuracy even further. The 
reported accuracy in the identifi cation of deep myome-
trial invasion varies from 74% to 95%, compared with 
68% to 73% for endovaginal sonography. However, if 
the cancer stretches and thins the myometrium, the 
amount of malignant invasion can be overestimated by 
MRI (Fig. 9-6). 6,7  

 DIFFERENTIAL DIAGNOSIS 

 The differential diagnosis for endometrial carcinoma 
includes endometrial hyperplasia, which in some cases 
can be a precursor to endometrial carcinoma (Fig. 9-7). 
Endometrial polyps can appear as nonspecifi c echogen-
ic endometrial thickness, which may be diffuse or focal 

Figure 9-6 Endometrial carcinoma (value of gadolinium). A: Sagittal T2-weighted image shows a markedly enlarged endometrial cavity with 
intact junctional zone (suggesting a stage IA tumor confi ned to the myometrium). B: Sagittal gadolinium-enhanced T1-weighted scan at the 
same level (bladder contains more urine) shows intermediate-intensity tumor invading the junctional zone and myometrium of the fundus 
(solid arrows), which was proved at surgery to represent stage IC tumor (invasion to more than 50% of the endometrium). Note the normal 
 high-intensity enhancement of the posterior myometrium (open arrow).

A B

Figure 9-7 This endovaginal image demonstrates hyperplasia of 
the endometrium. (Image courtesy of Philips Medical Systems, Both-
ell, WA.)

(Fig. 9-8). Enlarged, bulbous, or lobulated uterus may 
be due to leiomyomas and associated with abnormal 
bleeding. Myomas can also distort the endometrial lin-
ing, giving the appearance of endometrial thickening. 
Cervical carcinoma invasion into the uterus can also 
give the endometrium a thickened  appearance. 

 LEIOMYOSARCOMA 
 CLINICAL INFORMATION 

 Epidemiology and Risk Factors 
 Leiomyosarcoma is a rare, fast-growing malignancy, 
accounting for only 3% of uterine tumors. These le-
sions are derived from smooth muscle in the wall of the 
uterus and are notorious for their aggressive nature and 
poor prognosis. Because of its aggressive nature, lo-
cal pelvic recurrence and metastasis are common. The 
lung is a common site of metastasis; other sites include 
the bone, brain, and abdomen. 1  Risk factors for the de-
velopment of uterine sarcomas including leiomyosar-
comas are nulliparity, increasing age (perimenopausal 
and postmenopausal women in the fi fth decade of life), 
obesity, history of pelvic radiation, and exposure to 
tamoxifen. 2  

 Pathophysiology 
 It was previously thought that leiomyosarcomas of the 
uterus arose from existing leiomyomas. Although this 
is possible, genetic studies suggest that they are two 
different entities arising from separate pathways. 6  Leio-
myosarcomas tend to be intramural but may be found 
anywhere within the uterus. Their gross appearance is 
fl eshy, hemorrhagic, and necrotic, without the typical 
whorl-like appearance seen in benign leiomyomas. The 
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Figure 9-8 A: Thickened, echogenic endometrium. B: The sonohystogram image demonstrating endometrial polyps. (Images courtesy of 
Derry Imaging Center, Derry NH Robin Davies, Ann Smith, and Denise Raney.)

A B

borders of these masses are infi ltrative rather than well 
circumscribed. 22  

 Clinical Diagnosis 
 Abnormal vaginal bleeding and pelvic or abdominal 
pain are the most common presenting symptoms. 
Since these are the same symptoms that typically pres-
ent with benign leiomyomas, an accurate diagnosis of 
malignancy is rarely made. With the  increasing use 
of nonsurgical conservative techniques for treating 
 benign uterine fi broids, the likelihood of a delay in di-
agnosis or of a misdiagnosis of a sarcoma is a disturb-
ing reality. 2  Some authors suggest using a transcervical 
needle biopsy combined with MRI to differentiate be-
tween a leiomyosarcoma and a benign myoma. 2  Clini-
cally, a rapid increase in the size of a uterine tumor 
after menopause should arouse suspicion of  sarcoma. 

 Treatment 
 Universally, surgery is the primary treatment for any 
leiomyosarcoma. Total hysterectomy and bilateral 
 salpingo-oophorectomy are standard, along with perito-
neal washings and sampling of any suspicious nodules. 

 Because uterine leiomyosarcomas are extremely ag-
gressive, prognosis depends on tumor stage and grade 
at the time of surgery. The FIGO criteria used for staging 
endometrial carcinoma are also used to stage uterine 
leiomyosarcomas. Survival is also greater in premeno-
pausal women and in women with tumors that are less 
than fi ve centimeters. Tumors with vascular invasion or 
extrauterine spread have a very grave prognosis. 1  The 
use of adjuvant radiotherapy has not proven to be very 
useful, but adjuvant anthracycline-based chemotherapy 
may have a role in management; however, more studies 
are needed. 

 SONOGRAPHIC IMAGING 

 Diagnostic Features 
 The sonographic appearance of this type of sarcoma 
is a rapidly growing, heterogeneous uterine mass 
very similar to a leiomyoma undergoing degenerative 
 changes. In many cases, the leiomyosarcoma is single 
and very large. More than 90% have a mean diameter 
of 10 cm 3  and show pronounced acoustic enhancement 
due to increased vascularity and areas of liquefaction. 

PATHOLOGY BOX 9-4

Uterine Sarcomas and Leiomyosarcomas

Risk Factors Signs/Symptoms Sonographic Findings

Rapidly growing heterogeneous mass
Usually single
Large mass 
Acoustic enhancement
Anechoic or complex areas due to tumor
 liquefaction

Nulliparity
Increasing age (perimenopausal and 
  postmenopausal women in the fi fth 

decade of life)
Obesity
History of pelvic radiation
Tamoxifen exposure

Vaginal bleeding
Abdominal pain
Rapid increase in 
 uterine mass size
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Because of its invasive nature, myometrial involvement 
may also be seen. Doppler has been used to assess in-
creased intratumoral fl ow, but this has had little effect 
in differentiating benign from malignant masses. Szabo 
et al. used color and pulsed Doppler to determine if 
blood fl ow analysis could differentiate between uterine 
leiomyomas and sarcomas. They discovered that the 
mean intratumoral RI and pulsatility index (PI) were 
signifi cantly lower and the peak systolic velocity (PSV) 
was signifi cantly higher in patients with leiomyosarco-
mas; however, there was a signifi cant reduction of RI 
and PI and increased PSV with leiomyomas that were 
very large and had necrotic and/or degenerative and 
infl ammatory changes. 5  

 Technique and Protocol 
 In general, both a transabdominal and an endovaginal 
technique should be used. Give particular attention to 

Figure 9-9 Myxoid leiomyosarcoma. A: T1-weighted axial image 
of pregnant patient with size greater than dates shows a lobulated 
intermediate signal intensity mass (arrow) adjacent to the uterus 
 (arrowhead). B: T2-weighted axial image shows mass (arrow) to 
have areas of high signal intensity. Arrowhead denotes fetal head. 
 Resected specimen demonstrated invasion of surrounding fat by 
tumor.

A

B

the size and echotexture of the uterus and the adnexa 
for extrapelvic masses and free fl uid. In the presence of 
a neoplasm, extend the sonographic examination to the 
liver and other abdominal visceral organs for possible 
metastases. Additionally, scan the para-aortic and para-
caval areas to search for adenopathy. 

 OTHER IMAGING MODALITIES 

 Both CT and conventional MRI give useful informa-
tion about the number of uterine tumors, as well as 
their size, exact location, and extent of degenera-
tion; both are limited in their ability to distinguish 
benign from malignant neoplasms. Using MRI with 
a gadolinium-based contrast agent increases the like-
lihood of distinguishing a leiomyosarcoma from a 
degenerative fi broid. Goto et al. showed that speci-
fi city, positive predictive value, negative predictive 
value, and diagnostic accuracy of conventional MRI 
are 93%, 53%, 100%, and 93%, respectively; how-
ever, with gadolinium-based contrast MRI, this in-
creases to 93%, 83%, 100%, and 95%, respectively. 2  
Fluorodeoxyglucose-positron emission tomography 
(FDG-PET) has also been somewhat useful in the dif-
ferentiation of leiomyosarcomas from other uterine 
masses (Fig. 9-9). 2  

 DIFFERENTIAL DIAGNOSIS 

 The differential diagnosis includes degenerating leio-
myomas (Fig. 9-10), other types of uterine sarcomas, 
endometrial adenocarcinoma, adenomyomas, or gas-
trointestinal and bladder carcinomas. Many times, the 
diagnosis of leiomyosarcoma is not made until surgery 
is performed; approximately 0.5% of women who have 
had routine hysterectomies for uterine fi broids actually 
have leiomyosarcomas. 3  

Figure 9-10 Degenerating leiomyoma. (Image courtesy of  Derry 
 Imaging Center, Derry NH Robin Davies, Ann Smith, and  Denise 
Raney.)
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 SONOGRAPHIC IMAGING 

 Diagnostic Features 
 High-frequency endovaginal sonography is valuable in 
evaluating abnormal adnexal masses. In the presence 
of an adnexal mass with solid or cystic components, 
suspicion should be raised for a potential malignancy, 
especially in postmenopausal women. The sonograph-
ic  appearance of fallopian tube carcinoma is limited 
because of its rarity; however, this type of cancer can 
appear as an ill-defi ned or sausage-shaped adnexal 
mass with papillary projections. Sometimes, hydro-
salpinx may be visualized because of tubal blockage 
(Fig. 9-12). 

 Technique and Protocol 
 A systematic sonographic examination of the pelvis 
should be performed, with special attention to the ad-
nexa and uterus since this is the primary location of me-
tastasis to the fallopian tubes. Endovaginal sonography 

 FALLOPIAN TUBE CARCINOMA 
 CLINICAL INFORMATION 

 Epidemiology and Risk Factors 
 Fallopian tube carcinoma comprises less than 1% of 
all gynecologic malignancies. It is an aggressive tu-
mor occurring most often in postmenopausal patients 
in the sixth decade. Of the fallopian tube carcinomas, 
metastatic tumors account for 85%, with the primary 
sites being the ovary, uterus, or gastrointestinal tract. 8,9  
 Other risk factors include infertility, nulliparity, low 
parity, pelvic infl ammatory disease, and a family his-
tory of ovarian carcinoma. 

 Pathophysiology 
 Adenocarcinoma is the most common histologic type 
of primary fallopian tube carcinoma. An elevated 
CA-125 can be suggestive of a malignancy; however, 
an  abnormal level can also be caused by myomas, 
 endometriosis, adenomyosis, pregnancy, and pelvic in-
fl ammatory disease. 9  

 Clinical Diagnosis 
 Clinical symptoms range from asymptomatic to ab-
dominal pain and increased abdominal girth, abnormal 
vaginal bleeding, and a palpable pelvic mass; these tu-
mors are usually small and hard to detect on a pelvic 
exam. A small percentage of women have a profuse wa-
tery discharge known as hydrops tubae profl uens. 8  The 
tumor can involve the entire length of the tube; how-
ever, it is usually located in the distal wall or  within the 
lumen. These tumors may also become pedunculated 
(Fig. 9-11). 

 Treatment 
 Surgical staging plus a total hysterectomy and bilat-
eral salpingo-oophorectomy are the standard treat-
ments, along with peritoneal biopsies and lymph node 
 sampling. Radiation therapy and chemotherapy are also 
usually prescribed. 

PATHOLOGY BOX 9-5

Fallopian Tube Carcinoma

Risk Factors Signs/Symptoms Sonographic Findings

Postmenopausal patients in the sixth decade Elevated CA-125 Solid or cystic mass
Metastatic tumors from the ovary, uterus, or Asymptomatic Ill-defi ned sausage-shaped adnexal mass
 gastrointestinal tract Abdominal pain Papillary projections
Infertility Increased abdominal girth Hydrosalpinx
Nulliparity Abnormal vaginal bleeding 
Low parity Palpable pelvic mass
Pelvic infl ammatory disease Hydrops tubae profl uens
Family history of ovarian carcinoma 

Figure 9-11 Fallopian tube carcinoma. The fallopian tube lumen 
and its wall have been replaced by tumor. (Scott JR, Gibbs RS, 
 Karlan BY, et al. eds.  Danforth’s Obstetrics and Gynecology. 9th ed. 
 Philadelphia, PA:  Lippincott Williams & Wilkins; 2003.)
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 CARCINOMA OF THE CERVIX 
 CLINICAL INFORMATION 

 Epidemiology and Risk Factors 
 Cervical carcinoma is the second most common gyne-
cologic malignancy in the United States and typically 
presents between the third and fourth decades. It is 
estimated that more than 11,150 women were diag-
nosed with this carcinoma in 2007, and approximately 
3,670 women died from this disease. 4  The majority of 
noninvasive cervical cancers are asymptomatic and 
detected only by Pap smear. With invasive cancer, pa-
tients may also be asymptomatic but in general have a 
history of instrumental or postcoital bleeding. 

 The greatest risk factor for the development of cer-
vical carcinoma is infection by human papillomavirus 
(HPV). There is evidence that infection by HPV has 
causal effect. 6  Other risk factors include early sexual 
activity, multiple sexual partners, low socioeconomic 
status, smoking, use of OCs, and a weakened immune 
system. 3  It is unclear if these other risk factors are in-
dependent or related to the HPV infection. 6   Cancer of 
the cervix develops at an earlier age in India, where 
early marriages are customary. Conversely, the disease 
is unknown among celibate women. In the United 
States, the disease is more prevalent among the Puer-
to Rican and African American populations and least 
common among Jewish women. This ethnic varia-
tion has led some authors to speculate on the pos-
sible signifi cance of coitus with uncircumcised men. 
It has been suggested that secretions contained in the 
smegma of uncircumcised men constitute an irritant 
to the cervical mucosa that promotes cancer in sus-
ceptible women. 3  

 Since the cervix is easily accessible to visual inspec-
tion and palpation during a gynecologic examination, 
there has been an increase in the diagnosis of carci-
noma in situ. The availability of cytologic screening has 
also led to a reduction in mortality. 

 Women who were exposed to diethylstilbestrol in 
utero have a higher incidence of adenocarcinoma of the 
cervix and vagina. This drug was used during the 1940s 
and 1950s to support pregnancy for habitual aborters. 

 Pathophysiology 
 The cervical lining is composed of two types of cells. 
The lower cervix is covered with squamous epitheli-
um, which gives rise to squamous cell carcinoma and 
accounts for 85% to 90% of lesions. The endocervix 
or cervical canal is lined with columnar epithelium, 
which gives rise to adenocarcinoma (10% to 15%). 
The junction between the two types of epithelium 
is called the squamocolumnar junction. Because this 
junction is the site of active mitotic activity, cervical 
cancer invariably arises here, initially as carcinoma in 
situ. The concept that has been proposed is that this 
site of mitotic activity is subject to transformation into 

is excellent for showing tumor location and mass de-
tail. If the sonographic fi ndings in the pelvis suggest a 
neoplasm, the examination should be extended to the 
kidneys, liver, and other abdominal viscera for possible 
distal metastases. Document the presence of abdomi-
nal and pelvic ascites, hydronephrosis, and lymphade-
nopathy. 

 OTHER IMAGING MODALITIES 

 Since nearly 90% of fallopian tube carcinoma is meta-
static, CT is useful in imaging the primary malignancy 
location and determining metastatic spread. 

 DIFFERENTIAL DIAGNOSIS 

 The differential diagnosis for this particular pathology 
includes ovarian carcinoma, other adnexal masses, pel-
vic infl ammatory disease, and myomas. (Fig. 9-13) 

Figure 9-12 Hydrosalpinx, because of the many curves and turns in 
the fallopian tube, often images as a complex cystic mass. (Images 
courtesy of Philips Medical Systems, Bothell, WA.)

Figure 9-13 A pedunculated myoma anterior to the cystic ovary 
presents the appearance of a complex adnexal mass. (Image cour-
tesy of Derry Imaging Center, Derry NH Robin Davies, Ann Smith, 
and Denise Raney.)
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Even though histologically it is a well-differentiated le-
sion, it has very poor prognosis and response to therapy 
(Fig. 9-15). 

 Clinical Diagnosis 
 Cervical cancer occurs at a younger age than carcinoma 
of the endometrium. Carcinoma in situ is often diag-
nosed between the ages of 25 and 40 years. Typical pre-
senting symptoms include abnormal vaginal discharge 
and bleeding, particularly after intercourse. Frequently, 
patients delay seeking medical attention after the on-
set of symptoms. In more advanced stages, symptoms 
include bladder  irritability, low back pain from lumbo-
sacral root involvement, and parametrial involvement. 
Unilateral or bilateral ureteral obstruction is invariably 

neoplastic growth by exposure to external carcino-
gens. (Fig. 9-14) 

 Initially, the tumor is confi ned to the cervix and may 
form a superfi cial ulcerating mass with bulky expan-
sion of the cervix. If untreated, the lesion spreads lo-
cally to the vagina, upper cervix, and parametrium, and 
may spread to neighboring structures such as the blad-
der and rectum. 

 Adenoma malignum is an extremely rare (3%) 
form of cervical adenocarcinoma. Also called mini-
mal deviation adenocarcinoma, it is often associated 
with  Peutz-Jeghers syndrome. 11  Multiple cystic areas 
are seen within a solid cervical mass. Copious watery 
vaginal discharge is associated with this pathology, and 
it is diagnosed only with deep biopsies of the cervix. 

Normal

Normal
Mild Severe Carcinoma

in situ
Invasive cancer

Moderate

Dysplasia

CIN-l CIN-ll CIN-lll Invasive cancer

Superficial 
cells

Parabasal
cells

Basal cells

Basement
membrane

HPV effect

Figure 9-14 Development of dysplasia and carcinoma of the cervix. Repeated HPV infections convert normal  epithelium (left) into increas-
ingly severe dysplasia until malignant epithelium breaks through the basement membrane to become invasive cancer, capable of metastasis 
by invasion of blood vessels and lymphatics.

PATHOLOGY BOX 9-6

Cervical Cancer

Risk Factors Signs/Symptoms Sonographic Findings

Infection by HPV
Early sexual activity
Multiple sexual partners
Low socioeconomic status
Smoking
Use of OCs
Weakened immune system
Indian, Puerto Rican, or 
 African descent
Diethylstilbestrol in utero

Asymptomatic
Postcoital bleeding
Superfi cial ulcerating mass on 
 the cervix
Copious watery vaginal discharge
Back pain
Bladder irritability
Ureteral obstruction
Uremia

Normal appearance in stage I and II
Hematometra with cervical stenosis
Multiple cystic areas within a solid cervical mass
Bulky cervix
Irregular cervical borders
Mass extending from the cervix to pelvic sidewall
Tumor invasion of the bladder
Hydronephrosis
Liver metastasis
Para-aortic nodes



 226 PART 1 — GYNECOLOGIC SONOGRAPHY

proctosigmoidoscopy. Although studies have shown 
the value of cross-sectional imaging, it has not yet been 
included in the FIGO staging system. The FIGO staging 
system is being used to predict patient survival, but it 
has limitations. Studies have indicated a poor correla-
tion between the clinical stage and surgical-pathologic 
fi ndings. Errors in staging have been reported to be 
30% for stage I tumors, 50% for stage II, and 75% 
for stage III. Part of the reason for these limitations is 
a failure to accurately estimate the tumor size and a 
failure to detect parametrial, pelvic sidewall, and blad-
der and rectal wall invasion, as well as other organ 
metastasis. 6  

 SONOGRAPHIC IMAGING 

 Diagnostic Features 
 The cervix is typically of normal size and echogenici-
ty in stage I and II of cervical carcinoma. Ultrasound 
may  offer very little diagnostic information; however, if 
there is a cervical stenosis, hematometra may be noted. 
In more advanced stages of disease, endovaginal so-
nography may show a bulky cervix with irregular bor-
ders, possible extension into the vagina or peritoneum, 
a mass that extends from the cervix to pelvic sidewall, 
invasion of the bladder, hydronephrosis due to ureter-
al obstruction, metastasis to the liver, and para-aortic 
node formation (Fig. 9-16). 9  Sonography is very reli-
able in determining the size, shape, vascularity, and 
echotexture of the tumor. 

 Technique and Protocol 
 Translabial or transperineal sonography can be used 
along with an endovaginal approach to defi ne the cer-
vical anatomy. Partial bladder fi lling can also assist in 
visualization of the cervix. Positioning the patient with 
hips elevated helps to displace rectal gas and should 
also help visualize anatomy. 

 Bladder involvement in stage IV disease may be 
 readily appreciated with ultrasound since fl uid in the 
bladder provides a natural contrast. It is more diffi -
cult to determine rectal involvement and parametrial 
infi ltration unless a bulky adnexal mass is present. 
 Obstruction and dilatation of the distal ureter may mim-
ic an ovarian cyst, but the identifi cation of ipsilateral 
hydronephrosis will clarify this. Image the kidneys to 
exclude obstructive hydronephrosis, which would indi-
cate stage III disease. Survey the retroperitoneal area to 
disclose any lymphadenopathy and—as with any pelvic 
malignancy—survey the liver for possible metastases. 

 Conventional real-time ultrasound is used as a guide 
for interventional procedures in managing patients 
with pelvic malignancy. In the presence of bilateral ure-
teral obstruction, percutaneous nephrostomy is often 
performed using ultrasound guidance. Cervical biopsies 
are also performed with ultrasound guidance. 

present in advanced disease, and the resultant uremia 
has been the most common cause of death from cer-
vical carcinoma. Diagnosis in most of these cases is 
established through Pap smear or by cervical biopsy. 
The effective use of screening has caused a decline in 
incidence and mortality from invasive squamous cell 
carcinoma; however, there has been an increase in the 
incidence of adenocarcinoma. 6  

 Treatment 
 Prognosis depends on the tumor size, stage of the can-
cer, and the patient’s age. The type of treatment used is 
determined by the stage of disease. When fertility pres-
ervation is desired, patients with microinvasive cervical 
cancer can be treated with cone biopsy. Primary radio-
therapy is another alternative for early macroinvasive 
disease. For patients whose disease involves the para-
metrium and pelvic lymph nodes, treatment is usually a 
combination of surgery, radiotherapy, and chemothera-
py. Intracavitary radiotherapy involves placing radioac-
tive material into the uterus and the vaginal fornices to 
deliver high-intensity focal radiation. Knowledge of the 
distance from the radiation source to sensitive adjacent 
organs such as the bladder is imperative, and sonogra-
phy is useful in determining distances. The radiation 
dose is calculated on the basis of these distances. 

 Staging of cervical carcinoma is currently based on 
the FIGO classifi cation system (Table 9-1). The FIGO 
classifi cation is based on fi ndings from physical exami-
nation and is usually complemented by a combination 
of colposcopy, biopsy, chest radiography, intravenous 
excretory urography, barium enema, cystoscopy, or 

Figure 9-15 Invasive carcinoma of the cervix. Extensive involvement 
of the cervix, endometrium, and uterus is evident.
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TABLE 9-1

Summary of International Federation of Gynecology and Obstetrics (FIGO) Cervical Cancer Staging/Clinical 
Findings

Stage Characteristics

Stage 0 carcinoma in situ Confi ned to the cervix

Stage I confi ned to cervix A: �5 mm invasion depth
B: All other stage I

Stage Ib 1

Tumor

3 cm

Stage IIbBA

Stage II extends beyond cervix: 
upper two-thirds of vagina or 
parametrial tissue

A:  No parametrial involvement
B: Parametrial involvement

Stage IIa Stage IIbBA

Stage III extends to pelvic wall or 
lower third of vagina or causes 
ureteral obstruction

A:  No pelvic wall involvement
B:  Pelvic wall involvement or 

ureteral obstruction

Stage IIIb (urinary)

UreterUreteral obstruction by tumor

Stage IV extends beyond true 
pelvis or involves bladder or 
rectal mucosa

A:  Spread to adjacent organs
B: Spread outside pelvis

Stage IVa

OmentumPeriaortic nodes

Stage IVbBA
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 Stage IV Disease 

 Bladder and rectal invasion is an indication of stage 
IV cervical carcinoma. MRI is 96% accurate in making 
this diagnosis. 6  Tumor size has been shown to be sig-
nifi cant in the patient’s prognosis, and several studies 
have demonstrated that MRI is very accurate in assess-
ing tumor size. MRI measurements are within 0.5 cm 
of surgical measurements in 70% to 90% of the cases 
(Fig. 9-18). 6  

 DIFFERENTIAL DIAGNOSIS 

 When a bulky cervix is present on ultrasound, the 
main consideration is a leiomyoma involving the low-
er  uterine segment. Sometimes, benign endometrial 
polyps can enlarge and prolapse into the cervical ca-
nal; this causes expansion of the cervix and changes 
in its acoustic texture. Occasionally, cancer of the 
endometrium may involve the cervix, causing bulky 
expansion. 

 OTHER IMAGING MODALITIES 

 Computed Tomography 
 During the 1980s and 1990s, CT was the standard imag-
ing modality for staging cervical carcinoma, replacing 
lymphangiography. CT is still important in  diagnosing 
when the size of the cervical mass exceeds 4 cm or 
is located in the endocervix. CT is also very useful in 
 determining metastatic spread or tumor recurrence 
(Fig. 9-17). 

 Magnetic Resonance Imaging 
 Early Stage Disease 

 Overall, MRI is highly effective in staging cervical carci-
noma. Detection of microinvasive carcinoma (stage IA) 
with MRI is limited; however, it can detect macroin-
vasive disease (stage IB) with an accuracy of 91%. In 
stage IB disease, the cervical stromal ring completely 
surrounds the tumor. MRI is also useful in determining 
the depth of the invasion into the stroma. 6  

 Stage II Disease 

 With stage II, the tumor extends beyond the uterus. In 
stage IIA, there is invasion of the upper two-thirds of 
the vagina, and in stage IIB, there is extension of the 
carcinoma into the parametrium. This extension into 
the parametrium is diagnosed by a partial or complete 
disruption of the dark ring of cervical stroma. Axial 
T2-weighted images are able to determine parametrial 
invasion with an accuracy of 68% to 96%. More im-
portant, MRI has a high negative predictive value for 
parametrial invasion, ranging from 79% to 100%. 6  

 Stage III Disease 

 Stage III is an invasion of the lower third of the vagina 
and pelvic sidewall. An important indicator of pelvic 
sidewall invasion is the presence of hydronephrosis. 
MRI’s accuracy is approximately 95% in diagnosing 
stage III disease. 6  

Figure 9-16 A complex-appearing cervical polyp raises the possibil-
ity of hematometra due to cervical cancer. (Image courtesy of Philips 
Medical System, Bothell, WA.)

Figure 9-17 Cervical carcinoma. A: Longitudinal scan shows en-
largement of the underlying cervix (arrows). B: CT image shows the 
mass immediately behind the bladder (large arrow). A small amount 
of gas is present within the mass (small arrow) secondary to necrosis. 
CX, cervix.
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B



 9 — Malignant Disease of the Uterus and Cervix 229

diploid karyotype and only occurs with 46,XX, as the 
46,XY inheritance is incompatible with life. In a partial 
mole, the resulting karyotype is called a triploid be-
cause of the 69,XXX, 69,XYY, or 69,XXY pattern. This 
conceptus is the result of fertilization by more than one 
sperm. There is no association of the complete mole 
with triploidy as a result of maternal chromosomes 
(Fig. 9-20). 3  

 Pathophysiology of Persistent 
Trophoblastic Neoplasia 
 Invasive Mole 

 Because the mechanisms that normally control tro-
phoblastic tissue in a pregnancy are lost, there is ex-
tensive proliferation of trophoblastic tissue resulting 
in GTN. Invasive mole contains chorionic villi from a 
complete or partial mole that persists following uterine 
 evacuation. This disease becomes clinically apparent 
with elevated human chorionic gonadotropin (hCG) 
and persistent heavy vaginal bleeding. Invasive mole 
is the most common form of PTN, accounting for ap-
proximately 80% to 95% of cases. 6  Located in the en-
dometrium and myometrium, this focal invasion can, 
on rare occasions, penetrate through the myometrium 
and blood vessels, causing uterine rupture and poten-
tial death from severe intraperitoneal hemorrhage. 

 Choriocarcinoma 

 In contrast to invasive mole, choriocarcinoma has an 
absence of chorionic villi, possibly because of their rap-
id destruction by the malignant tissue. This type of PTN 
can occur after complete mole, partial mole, normal 
pregnancy, stillbirth, spontaneous abortion, or ectopic 
pregnancy. The occurrence of choriocarcinoma is 1,000-
fold greater after a complete molar versus nonmolar 
pregnancy. 6  Choriocarcinoma metastasizes early, and 
nodules may be seen in the cervix and vagina. Invasion 
of blood vessels and embolization of trophoblastic tis-
sue to the lungs may occur, which can obstruct the pul-
monary venous circulation, causing right-sided heart 
failure or spread of tumor into the pulmonary arterial 
system (cor pulmonale). Embolization to the systemic 
circulation is not uncommon, accounting for tumor 
implants in brain, liver, and other organs. Therefore, 
women of reproductive age with unexplained acute cor 
pulmonale or intracerebral hemorrhage should raise 
suspicion of choriocarcinoma (Fig. 9-21). 6  

 Placental Site Trophoblastic Tumor 

 PSTT differs from the other forms of PTN in several 
 areas. First, it arises from nonvillus, “intermediate” 
trophoblast, which infi ltrates the decidua, myometri-
um, and spiral arteries at the placental site. Second, 
the hCG level elevates mildly, making it an unreliable 
marker. Third, although it can occur with any type 
of gestation, it usually presents months or years af-
ter a term  delivery. Though a less common occurrence 

 GESTATIONAL TROPHOBLASTIC 
NEOPLASIA 
 CLINICAL INFORMATION 

 Epidemiology and Risk Factors 
 The term gestational trophoblastic neoplasia (GTN) is 
used to describe a group of uterine neoplasms that occur 
as a complication of pregnancy. These lesions include 
benign hydatidiform mole, invasive mole, choriocarcino-
ma, and placental site trophoblastic tumor (PSTT). This 
chapter focuses on the malignant end of the spectrum 
of GTN. This group of life-threatening diseases— termed 
persistent trophoblastic neoplasia (PTN)— includes inva-
sive mole, choriocarcinoma, PSTT, and epithelioid tro-
phoblastic tumor (a variant of PSTT). 

 PTN occurs most often with molar pregnancies. One-
half of all complete molar pregnancies with very se-
vere trophoblastic proliferation develop into persistent 
disease. The statistics are the same for complete mole 
with a coexisting fetus, since the diagnosis is probably 
delayed. Approximately 5% of cases of partial molar 
pregnancies turn into persistent disease. There have 
also been infrequent reports of PTN developing from a 
normal term delivery, spontaneous abortion, or ectopic 
pregnancy (Fig. 9-19). 6  

 The normal genetic makeup of a fertilized ovum 
has 46 chromosomes, with 44 autosomes and two 
sex chromosomes. In the complete mole, the resulting 
karyotype is a 46,XX, which is derived through an ab-
normal sperm chromosome type. In effect, the sperm 
duplicates without the usual cell division in an ovum 
with either inactive or absent maternal chromosome 
material. This chromosomal makeup is considered a 

Figure 9-18 Cervical carcinoma without full-depth stromal invasion. 
Coronal T2-weighted image through the cervix demonstrates a thin, 
intact, low-signal-intensity rim (arrows), representing residual cervical 
stroma surrounding the medium-signal-intensity tumor ( T ), which ex-
pands the cervix. Identifi cation of this intact rim has high predictive 
value for excluding invasion into the parametrial and paracervical 
areas. The sacrum (S ), iliac bones ( i ), and levator ani muscles (L ) are 
labeled for orientation.



 230 PART 1 — GYNECOLOGIC SONOGRAPHY

A B

C

Figure 9-19 These images show a complete 
hydatidiform mole or one that totally replaces 
a normal placenta and embryo. A: Complete 
mole in which the entire uterine cavity is fi lled 
with swollen villi. B: The villi are each 1 to 3 mm 
in diameter and appear grape-like. C: Individual 
molar villi, many of which have cavitated central 
cisterns, exhibit considerable trophoblastic hy-
perplasia and atypia. The blood vessels of the 
villi have atrophied and disappeared.  (Image 
from Rubin E, Farber JL. Pathology. 3rd ed. 
 Philadelphia, PA: Lippincott Williams & Wilkins; 
1999.)

than with choriocarcinoma, PSTT can metastasize to 
the ovary, perimetrium, rectum or bladder, and distal 
 organs.  

 Epithelioid Trophoblastic Tumor 

 This is the most recently described and rarest type of 
PTN and is actually a variant of PSTT. It presents much 
later than other PTN, usually 6 to 7 years after the last 
term pregnancy. 6  

 Effects on the Ovary 

 Theca-lutein cysts involving one or both ovaries are 
frequently observed with gestational trophoblastic dis-
ease. It has been suggested that these cysts may be 
the result of the high levels of the  �  subunit of human 
chorionic gonadotropin ( � -hCG), a hormone similar to 

luteinizing hormone produced by the pituitary. Theca-
lutein cysts may be seen in 25% of cases of trophoblas-
tic disease. When they are present, they constitute an 
additional risk factor for the presence or development 
of postmolar trophoblastic disease. 3  

 Clinical Diagnosis 
 Invasive mole is usually diagnosed after previous evac-
uation of a hydatidiform mole based on persistent vagi-
nal bleeding and elevation of beta-hCG titers. If uterine 
perforation or intrauterine hemorrhage occur, the pa-
tient is likely to react with shock. 

 As with invasive mole, abnormal vaginal bleeding 
in conjunction with evacuated molar pregnancy is a 
common presenting symptom of choriocarcinoma. Oth-
er presenting symptoms include cough, hemoptysis, 



 9 — Malignant Disease of the Uterus and Cervix 231

Figure 9-20 Chromosomal formation of gestational  trophoblastic 
disease. A: Complete mole. B: Partial mole. (From Pillitteri A. 
 Maternal and Child Nursing. 4th ed. Philadelphia, PA: Lippincott 
 Williams & Wilkins; 2003.)
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Figure 9-21 Proliferative disorders of the trophoblast. A: Normal 
chorionic villus of 8-week fetus, with blood vessel containing nucle-
ated red blood cells. B: Complete hydatidiform mole with hydropic 
villi. The villi are enlarged by an edematous stroma devoid of blood 
vessels. The trophoblastic epithelium is hyperplastic and exhibits 
variable atypia. C: Choriocarcinoma, which has arisen in a molar 
pregnancy, invades the myometrium and consists of admixed syncy-
tiotrophoblastic and cytotrophoblastic elements. D: Common sites 
of metastasis from choriocarcinoma. (Image from Rubin E, Farber JL. 
Pathology. 3rd ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
1999.)
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neurologic disturbances, or cerebral hemorrhage, which 
may be related to metastatic disease. 

 Patients with PSTT usually present with amenorrhea 
or irregular vaginal bleeding months or years after the 
last pregnancy. An enlarged uterus and mildly elevated 
hCG are also clinical symptoms. The clinical presen-
tation of epithelioid trophoblastic tumor is similar to 
PSTT but occurs even later. In all of these pathologies, 
an enlarged uterus is present on pelvic examination. 

 Treatment 
 With low-risk patients, treatment is usually single-agent 
chemotherapy such as methotrexate with or without fo-
linic acid. The overall survival rate with this treatment 
is nearly 100%. The cure rate for just methotrexate 
alone is approximately 70%; the remaining 30% who 
are resistant to methotrexate are treated with an addi-
tional second-agent or multiagent chemotherapy. 

 High-risk patients with PTN are treated with a multi-
drug chemotherapy that is administered around weekly 
EMA-CO (etoposide  �  methotrexate  �  actinomycin D 
 �  cyclophosphamide  �  ocovin) protocols. 

 In the past, there were various prognostic scoring 
systems for patients with GTN. In 2000, a more unifi ed 
worldwide system was agreed upon. According to FIGO, 
the modifi ed prognostic scoring system is expressed as 
a risk score. A number is assigned to each prognos-
tic variable, and the risk score is expressed as a sum 
of these values. The low-risk score is 0 to 6, whereas 
the high-risk score is 7 and over. This score correlates 
with the risk of the tumor becoming resistant to single-
agent chemotherapy. 13  Surgery is not typically used in 
the initial management of most PTN cases; however, 
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it is the treatment of choice with PSTT and epithelioid 
trophoblastic tumors, which are very chemoresistant. 
For these patients, surgery is usually curative. 

 Patients are counseled to avoid pregnancy for 1 year 
after completion of treatment. This is to prevent the 
teratogenic risk from the chemotherapy and to elimi-
nate confusion between recurrence of the disease and 
a new pregnancy. The risk of relapse is around 3% and 
is most likely to occur during the fi rst year. At some 
treatment centers, life-long monitoring of hCG is done 
since it is unclear at this point when it is safe to stop 
surveillance. 13  

 SONOGRAPHIC IMAGING 

 Diagnostic Features 
 Sonography is still the best imaging modality for as-
sessing PTN since it is less expensive, well tolerated 
by patients, and reproducible with serial examinations. 
The ultrasound appearance of invasive mole or chorio-
carcinoma may be indistinguishable from that of be-
nign hydatidiform mole. The uterus is usually enlarged 
in both conditions. 

 Invasive Mole 

 Sonographically, invasive mole appears as focal areas 
of increased echogenicity within the myometrium. 
Hypoechoic areas may be seen within these masses, 
representing hemorrhage or vascular lakes (Fig. 9-22). 
Doppler and color fl ow mapping can be used to evalu-
ate the extent of the tumor and, therefore, its response 
to chemotherapy. 

 Choriocarcinoma 

 If confi ned to the uterus, the tumor appears as a focal, 
hemorrhagic nodule within the myometrium and pos-
sibly the endometrium. Since choriocarcinoma metasta-
sizes quickly, secondary masses may be seen in the cer-
vix or vagina. The liver is a common site of metastases, 
and it should be included in the sonographic evaluation. 

 Placental Site Trophoblastic Tumor 

 There are no specifi c distinguishing features to identify 
PSTT, but an irregular usually localized uterine mass 
in conjunction with the patient’s clinical history can 
help with the diagnosis. If the tumor replaces the entire 
myometrium, it will appear as bulky uterine enlarge-
ment. The myometrium will have a heterogeneous, lob-
ulated appearance. There may also be extension into 
the parametrium, pelvic sidewall, and adjacent organs. 

 There is marked hypervascularity associated with 
PTN because the uterine spiral arteries feed into promi-
nent vascular spaces that communicate with draining 
veins. Abnormal blood fl ow  demonstrates high PSV and 
low RI, indicating increased perfusion with low imped-
ance to blood fl ow. PSV is greater than 50 cm/sec and 
many times is over 100 cm/sec. RI is typically less than 

A

B
Figure 9-22 A: Sagittal endovaginal image of the uterus demon-
strating the bulky uterus seen with an invasive mole. There is no 
evidence of an endometrial canal. B: Transverse view illustrates the 
cystic spaces fi lling the echogenic endometrium. (Images courtesy 
of Derry Imaging Center, Derry NH Robin Davies, Ann Smith, and 
Denise Raney.)

0.50 and many times is below 0.40. Normal myometrial 
fl ow, by contrast, has a PSV of less than 50 cm/sec and 
an RI in the range of 0.70. 2,3,5,12  

 Color Doppler typical of PTN shows extensive color 
aliasing, admixture of color signals, loss of vessel dis-
cretion, and chaotic vessels patterns (Table 9-2). 

 Technique and Protocol 
 Endovaginal imaging is excellent for recording the 
small myometrial lesions typical with these disorders. 
A thorough examination to include the uterus and ad-
jacent pelvic organs helps avoid a misdiagnosis. Power 
Doppler demonstrates PSV and RI. 

 OTHER IMAGING MODALITIES 

 MRI of the brain and pelvis, and CT of the chest and ab-
domen, are commonly used in patients that have been 
diagnosed with choriocarcinoma and PSTT, as well as 
in relapsed or drug-resistant cases (Fig. 9-23). 
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invasive molar tissue. The sonographic appearance 
of adenomyosis is also very similar to PTN. Certain 
ovarian tumors such as dermoids and cystic papillary 
adenomas may have a morphologic similarity to molar 
tissue; this source of confusion can be minimized if 
the uterus is identifi ed. One of the strengths of endo-
vaginal scanning is its ability to separate uterine from 
adnexal structures, thereby enhancing the value of the 
ultrasound examination. 

 SUMMARY 
 • Endometrial cancer is the most common gynecologic 

malignancy in developed countries. 

 • Risk factors for endometrial cancer include obesity, 
nulliparity, late menopause, adenomatous polyps, 
family history, race, age (60 to 70 years), the use 
of unopposed estrogen, HNPCC, breast cancer, and 
tamoxifen therapy. 

 • Sonographic signs for endometrial cancer include en-
dometrial cysts, hydrometra or hematometra, uterine 
enlargement with lobular contour, mixed echogenici-
ty in advanced disease stages, and increased vascu-
larity of the endometrium. 

 • Leiomyosarcoma is a smooth muscle aggressive tu-
mor of the uterus. 

 • The infi ltrative leiomyosarcoma may or may not arise 
from a leiomyoma. 

 • Sonographic signs of a leiomyosarcoma include rap-
idly growing heterogeneous mass, possibly with de-
generative changes, and posterior enhancement. 

 • Clinical signs for endometrial cancer and leio-
myosarcomas are nonspecifi c, with the most com-
mon presentation being uterine bleeding, possibly 
with pain. 

 • Fallopian tube carcinoma clinical symptoms may 
be nonexistent or include abdominal pain, vaginal 
bleeding, and hydrops tubae profl uens. 

 • Sonographic signs of fallopian tube carcinoma in-
clude an ill-defi ned solid or cystic sausage-shaped 
adnexal mass with possible hydrosalpinx. 

 • Treatment for endometrial cancer, leiomyosarcoma, 
or fallopian tube carcinoma is a total hysterectomy. 

 • Cervical cancer is the second most common gyne-
cologic malignancy occurring in women aged 30 to 
40 years. 

 • Risk factors for developing cervical cancer include 
HPV infection, early sexual activity, multiple sexual 
partners, low socioeconomic status, smoking, use 
of OCs, ethnicity, diethylstilbestrol exposure, and a 
weakened immune system. 

 • Clinical symptoms of cervical cancer include vaginal 
discharge, postcoital bleeding, bladder irritability, 
and low back pain. 

 DIFFERENTIAL DIAGNOSIS 

 Sonographically, an early failed pregnancy with in-
complete abortion and hydropic degeneration of the 
placenta could be mistaken for trophoblastic disease; 
however, in this condition, the  � -hCG titer is likely 
to be low because there is an absence of tropho-
blastic proliferation and the function of this tissue is 
decreased or diminished. Retained products of con-
ception or a degenerating uterine fi broid with areas 
of hemorrhage may also appear as numerous small 
cysts within an expanded uterine outline. Intramu-
ral fi broids undergoing degeneration may resemble 

TABLE 9-2

Sonographic Signs of Trophoblastic Disease

Type Sonographic Appearance

Invasive mole Enlarged uterus
  Increased echogenicity within the 

 endometrium
 Hypoechoic areas
 Presence of color/spectral Doppler

Choriocarcinoma Enlarged uterus
  Focal, hemorrhagic nodule within 

 the myometrium
 Masses in the cervix or vagina
 Liver metastases

PSTT Few distinguishing features
 Irregular localized uterine mass
 Enlarged uterus
  Parametrium, pelvic sidewall, 

 and adjacent organ extension 
 hypervascularity

Figure 9-23 Gestational trophoblastic disease. Sagittal  T2-weighted 
fast spin echo image through uterus in patient with abnormally 
 elevated hCG level and abnormal endovaginal ultrasound. Nonspe-
cifi c thickening of the endometrium is seen (arrow) without evidence 
of fetal development or gestational sac. Dilatation and curettage re-
vealed complete molar pregnancy.
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 • Sonographic signs of cervical cancer in the early stag-
es are nonspecifi c unless there is cervical stenosis, 
which results in hematometra. Advanced cancer im-
ages with a large cervix with irregular borders, pos-
sible extension into the vagina or peritoneum, mass 
extension from the cervix to pelvic sidewall, invasion 
of the bladder, hydronephrosis, liver metastasis, and 
para-aortic nodes. 

 • Treatment for cervical cancer depends on the stage 
and tumor size. 

 • GTN is a group of uterine neoplasms that occur as a 
complication of pregnancy and include benign hyda-
tidiform mole, invasive mole, choriocarcinoma, and 
PSTT. 

 • Due to fertilization by more than one sperm, the 
triploid molar karyotype has a 69,XXX, 69,XYY, or 
69,XXY chromosomal pattern. 

 • Invasive mole contains chorionic villi from a com-
plete or partial mole that persists following uterine 
evacuation, whereas choriocarcinoma has an ab-
sence of  chorionic villi, possibly because of their 
rapid destruction by the malignant tissue. In PSTT, 
the formation occurs via the nonvillous trophoblast 
infi ltrating the decidua, myometrium, and spiral ar-
teries. PTN is the late (6 to 7 years) development of 
trophoblastic  disease. 

 • The invasive mole and choriocarcinoma present with 
a high hCG, but PSTT shows only a mild elevation. 

 • Theca-luteal cysts of the ovaries develop in 25% of 
the cases because of the high levels of  � -hCG. 
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Critical Thinking Questions
Figure 9-24

 1. After viewing the images, what is the probable  differential diagnosis for the fi ndings?

 2. What transducer was used to image this patient?

 3. How would the differential change if the patient was a 60-year-old postmenopausal woman with bleeding?

 4. Contrast this endometrial pattern with fi ndings seen in patients on tamoxifen therapy.
ANSWER 1: The patient history and images would raise suspicion for a molar pregnancy.
ANSWER 2:  The transducer used to image this patient was an EV8C4-S, which is listed in the upper right of each image.
ANSWER 3: The differential would change to endometrial carcinoma.
ANSWER 4:  Endometrial changes due to tamoxifen have a more cystic appearance; however, the molar pregnancy 

would share some common sonographic appearance. This is an example of the importance of a good 
patient history.

http://emedicine.medscape.com/article/254083
http://seer.cancer.gov/csr/1975_2006/
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GLOSSARY

 Alpha fetoprotein (AFP) Used as a tumor marker for 
carcinomas of embryonic origin 

 BRCA1/BRCA2 Inherited gene mutation associated with 
a signifi cant increase of breast and ovarian cancer risk 

 CA 125 Protein found in tumor cells that results in an 
elevation of blood levels 

 Carcinoembryonic antigen (CEA) Tumor marker for 
colon, stomach, breast, lung, some thyroid, and ovarian 
cancers 

 Clear cell adenocarcinoma Neoplasm involving the 
surface epithelium of the female reproductive organs 
(ovary), which involves cells with a clear appearance 
on microscopic examination 

 Dysgerminoma Malignant tumor of the ovary aris-
ing from undifferentiated germ cells of the embryonic 
gonad; histologically identical to seminoma found in the 
testicle 

 Endometrioid tumor Tumor of the ovary containing 
epithelial or stromal elements   resembling endometrial 
tissue; typically arises from endometriosis; a large 
 percentage are malignant 

 Epithelial ovarian cancer Neoplasm involving the 
surface epithelium of the ovary 

 HER2/neu Gene that produces a protein that rebulates 
normal cell growth found in breast and ovarian cancer 
cells; identifi cation of this protein enables determina-
tion of treatment options 

 Krukenberg tumor Carcinoma of the ovary, usually 
metastatic from gastrointestinal cancer, marked by 

areas of mucoid degeneration and by the presence of 
 signet-ring cells 

 Lactate dehydrogenase (LDH) Enzyme involved in pro-
duction of energy of the cells; elevated levels in the blood 
indicates tissue damage, cancers, or other diseases 

 Laparotomy Surgical incision into the abdomen 
 usually performed to evaluate the organs 

 Meigs’ syndrome Finding of pleural effusion, ascites, 
and an ovarian mass 

 Mucinous cystadenoma Cystic mass fi lled with thick 
gelatinous cystic fl uid 

 Mucinous cystadenocarcinoma Large cystic ovarian 
mass with thick-walled septations; may have internal 
debris-layering components 

 Pseudomyxoma peritonei Accumulation of mucinous 
material in the peritoneal cavity, either because of 
rupture of a benign or malignant cystic neoplasm of the 
ovary or mucocele rupture of the appendix 

 Salpingo-oophorectomy Surgical removal of the ovary 
and fallopian tube 

 Serous carcinoma Type of epithelial ovarian cancer, 
which presents as a partially cystic mass with solid 
components 

 Serous cystadenocarcinoma Large multilocular 
 ovarian neoplasm with papillary projections 

 Sertoli-Leydig cell tumors/androblastoma Related 
to the sex-cord (cordlike masses of gonadal epithelial 
tissue) stromal tumors seen in ovaries, mostly in young 
adults 

KEY TERMS

 serous/mucinous cystadenocarcinoma  |  serous carcinoma  |  mucinous cystadenoma 
 |  Krukenberg tumor  |  CA 125  |  epithelial ovarian cancer  |  dysgerminoma  |  yolk cell 
tumor/endodermal sinus tumor  |  teratoma  |  endodermal sinus tumor  |  struma ovarii 
 |  clear cell adenocarcinoma  |  sex cord stromal tumors  |  Sertoli-Leydig cell tumors/
androblastoma 

OBJECTIVES

 Relate clinical signs, symptoms, and laboratory tests specifi c to ovarian cancer 

 Summarize diagnostic imaging diagnosis of ovarian malignancies 

 List the forms of ovarian carcinoma 

 Identify common risk factors for ovarian cancer 

 Describe the treatment and prognosis of ovarian cancer 
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mortality rate. Research in a number of medical disci-
plines, including epidemiology, gynecologic oncology, 
and  diagnostic imaging, has been directed toward this 
goal. Extensive epidemiologic studies have helped to 
defi ne the population at risk. 3,11  Possibly, this data will 
help direct screening, making it economically feasible 
to target the at-risk populations despite the low preva-
lence of ovarian malignancy. Biochemical research has 
tried to develop immunologic studies to detect even a 
small population of malignant cells by means of tumor 
markers. 9,11–13  Finally, the ongoing improvement in im-
aging techniques has enabled the visualization of even 
minimal ovarian enlargement. 

 EPIDEMIOLOGY AND RISK FACTORS 
 Several studies in the epidemiology of ovarian cancer 
have shed some light on risk factors for this disease. 
Age is the major risk factor of incidence and mortality 
for the most common ovarian malignancies. Over 90% 
of sporadic ovarian cancer cases occur in women over 
50. 14  Other risk factors include nulliparity or low par-
ity, delayed childbearing, early onset of menses, late 
menopause, postmenopausal estrogen use for more 
than 10 years, and family history of ovarian or breast 
cancer. 15  A direct relationship has been observed 
 between the number of years of ovulatory activity and 
the risk for development of epithelial ovarian cancer, 
the most common type. A woman whose ovulatory 
activity  extends for more than 40 years is considered 
at high risk. 11  A  reduction of ovulatory activity appears 
to be a protective infl uence against ovarian cancer de-
velopment due to a decrease of the surface repeated 
trauma to the ovarian epithelium. 17  For example, oral 
contraceptives have been shown to reduce the risk of 
ovarian cancer. 10  

 Ovarian cancer is similar to breast cancer in the fact 
that a strong family history (maternal or sibling) places 
a woman at a signifi cantly higher risk, making genet-
ics a criterion for screening studies. 2,9,18  The American 
 College of Radiology (ACR) recommends that women in 
their early 20s with a positive family history for ovarian 
cancer consult specialists about their individual risk. 16  
Also, several chromosomal  deletions have been identi-
fi ed in patients with ovarian malignancy. For example, 
in carriers of a BRCA1 or BRCA2 gene mutation and a 
family history of breast or ovarian cancer, prophylactic 
bilateral  oophorectomy by the age of 35 signifi cantly 
reduces the patient cancer risk. 15  HER2/neu is  another 

 The sonographic examination has maintained an im-
portant role in the imaging of ovarian malignancy 
because of its utility in evaluating patients with a 
 suspected pelvic mass. In a patient with a diagnosis 
of ovarian carcinoma, sonography helps determine 
the presence of recurrent or persistent disease after 
surgery and chemotherapy. Sonography, as a routine 
screening modality for the diagnosis of ovarian can-
cer in the general population, has not been success-
ful or cost effective. The combination of sonographic 
screening in  patients with elevated tumor markers or 
with a hereditary propensity for ovarian carcinoma 
is under active investigation and is proving to be of 
value. 1,2  

 INCIDENCE AND PROGNOSIS 
 Ovarian malignancy is a disease of low prevalence, 
 accounting for only 5% of all cancers in women. 3  How-
ever, it causes more deaths than any other cancer of 
the female reproductive system and is the fi fth leading 
cause of cancer deaths among women, trailing cancer 
of the lung, breast, colon, and pancreas. The relatively 
high mortality of ovarian malignancy is a refl ection of its 
low cure rate and late diagnosis. The American  Cancer 
Society estimates that approximately 21,550 new cases 
are diagnosed each year in the United States. 3  Although 
mortality rates from other gynecologic malignancies are 
declining, there is evidence to suggest an increase in 
both the incidence and mortality rate of ovarian can-
cer. 4–9  Scandinavian countries and the United States 
have more cases of ovarian cancer than are reported in 
India and Japan. 6–8  

 The poor prognosis of ovarian malignancy is in great 
measure related to late-stage diagnosis of the disease. In 
such cases, the overall 5-year survival rates are around 
30% to 50%. The majority of ovarian cancer cases 
spread well beyond the ovaries before diagnosis occurs. 

 Stage I (confi ned to the ovary) ovarian cancer has 
few symptoms; however, the survival rate is over 
90% with early detection. 3  Factors that determine 
the prognosis are (1) stage or extent of the disease 
when it is fi rst diagnosed; (2) tumor grade (the his-
topathologic classifi cation or the degree of cellular 
differentiation); (3) extent of residual disease after 
initial surgical excision; and (4) tumor response to 
types of treatment given. 

 Early detection of ovarian malignancy offers the 
most effective means of reducing the current high 

 Teratoma/teratocarcinoma Rare malignant form of a 
common germ cell tumor found in young adults; con-
tains fat, bone, hair, skin, and/or teeth 

 Yolk cell tumor/endodermal sinus tumor Neoplasm 
originating in the germ cells (ovum) 

 Sex cord stromal tumors Solid ovarian mass 
 originating from the embryonic gonadal ridges and 
Sertoli cells 

 Struma ovarii Extremely rare neoplasm of the ovary 
containing thyroid tissue 
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that may be benign, borderline malignant, or frankly 
malignant into numerical classifi cations. Different 
sections of one lesion may contain varying degrees of 
histologic differentiation. Whereas the most differenti-
ated area of the lesion determines the cell type, the 
least  differentiated portion determines its malignant 
potential. Tumor grading depends on the degree of 
cellular differentiation and represents an important 
criterion in assessing the severity of the disease and 
therefore its prognosis. Poorly differentiated cancers 
have a higher likelihood of aggressive growth, and 
occult metastases may be present even with a small 
primary lesion. 

 Tumors originating from the epithelium covering the 
ovaries and the serous, as well as mucinous cystadeno-
carcinomas, account for greater than 80% of  ovarian 
 malignancies. A much less common group of lesions 
are the gonadal stromal, or sex cord, neoplasms, some 
of which may be endocrinologically active and there-
fore may be diagnosed when smaller. The least com-
mon group is the germ cell neoplasms. Metastases to 
the ovary account for less than 10% of ovarian ma-
lignancies. Although the sonographic specifi city for 
a particular histologic type of ovarian malignancy is 
poor, correlation of the clinical features and the sono-
graphic appearance of the ovarian masses may lead to 
a more accurate diagnosis. Table 10-2 summarizes the 
pathologic, clinical, and sonographic features of the 
most common ovarian malignancies. 

 PATHOPHYSIOLOGY 

 A characteristic feature of most epithelial cancers is 
the tendency to form cystic masses with multiple sep-
ta (Fig. 10-1). The masses can be enormous, reaching 
30 to 40 centimeters (cm) in diameter, weighing 10 to 
15  kilograms (kg), and extending into the abdomen 
(Fig. 10-2). The cysts contain serous or mucinous  fl uid. 
Nodular or papillary growths may project into the cys-
tic fl uid or outward on the external surface of the cyst 
(Fig. 10-3). The tissue is typically friable, and thin-
walled blood vessels of the lesion are predisposed to 
intracystic bleeding. Color Doppler analysis would help 
demonstrate prominent blood fl ow in the septations or 
solid tissue components with elevated diastolic fl ow 

identifi ed gene that regulates how cells reproduce and 
repair themselves. Though HER2/neu was initially 
linked to breast cancer, there is also an increased risk 
of developing ovarian cancers in individuals with this 
gene. This acquired mutation is due to errors in the rep-
lication process  resulting in excess copies of the gene 
(overexpression). Uncontrolled division of cells results 
in development of a cancerous neoplasm. 61  Testing for 
HER2/neu is achieved through tissue sampling; the 
higher the levels, the greater the chance of spread. 62  

 Numerous hereditary family cancer syndromes 
involve ovarian neoplasms (Table 10-1). Unaffected 
family members with hereditary breast/ovarian can-
cer syndrome have a risk factor of 82% by 70 years of 
age. Fortunately, only 3% to 7% of the population has 
a familial syndrome. 16  

 Certain environmental factors have been linked 
to ovarian cancer risk. A three- to fi ve-fold higher 
 incidence of ovarian cancer and mortality has been 
 observed in  industrialized countries compared to 
 developing  nations. 5,11  Global variations have led epi-
demiologists to postulate that carcinogens in the air, 
water, or diet of industrialized communities play a role 
in the higher  incidence of this disease. 8  

 PATHOLOGY 
 HISTOLOGIC CLASSIFICATION 

 The pathology and pathophysiology of ovarian ma-
lignancy are extremely complex. The ovary has both 
endocrine and reproductive functions and is com-
posed of at least four different cell populations, each 
of which may undergo malignant transformation. The 
World Health Organization (WHO) proposed a classifi -
cation of ovarian tumors with nine broad categories of 
tumors based on the cell of origin. 56  Each of these cat-
egories divides histologically distinguishable lesions 

 PATHOLOGY BOX 10-1 

 Risk Factors 

 Over 50 
 Nulliparity or low parity
Delayed childbearing 
 Early onset of menses 
 Late menopause 
 Postmenopausal estrogen use for more than 10 years 
 Family history of ovarian or breast cancer 

 TABLE 10-1 

 Ovarian Neoplastic Syndromes 2,35,45,47,56–60  

Syndrome Associated Neoplasms

Gonadal dysgenesis 
 (Kleinfelter/Turner)

Gonadoblastoma, 
 dysgerminoma

Multiple nevoid basal cell 
 carcinoma (NBCCS)

Ovarian fi broma

Peutz-Jeghers Granulosa-theca cell tumor, 
 breast, uterine

Hereditary site-specifi c 
 ovarian cancer

Epithelial ovarian cancer

Hereditary breast/ovarian 
 cancer

Breast and epithelial ovarian 
 cancer

Lynch II (hereditary 
  nonpolyposis colorectal 

cancer)

Colorectal, stomach, 
  hetaptobiliary, urinary 

tract, brain, skin, 
endometrial, breast, and 
epithelial ovarian cancer
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 TABLE 10-2 

 Most Common Malignant Ovarian Neoplasms: Correlation of Clinical and Sonographic Findings 38,45,47,56–60  

  Pathology (Frequency) Clinical Features Sonographic Findings

Epithelial (65–75%)

Cystadenocarcinoma, 
  serous (more 

common) or 
mucinous

Peri- and postmenopausal; abdominal 
  pain; distention; gastrointestinal symptoms; 

increased abdominal girth, pelvic pressure

Large (10 to 30 cm), complex cysts with 
  clear or echogenic fl uid; multiple septa and 

papillations; unilocular or multiloculated; 
25–60% are bilateral; ascites, tumor fi xation, 
peritoneal implants; pseudomyxoma 
peritonei

Undifferentiated 
 adenocarcinoma

Fixation; ascites common; echogenic ascites 
 suggests pseudomyxoma peritonei

Endometrioid May be associated with benign endometriosis 
 and endometrial cancer

Mixed cystic and solid pattern due to 
  hemorrhage or necrosis; 30% are bilateral; 

may be seen associated with endometrial 
echo abnormality; papillary projections

Clear cell carcinoma 
 (CCC)

Variant of endometrioid; occurs after age 50; 
 endometriosis

Bilateral; complex predominately cystic mass

Brenner’s tumor Rare; asymptomatic; associated with cystic 
 neoplasm; paraendocrine hypercalcemia

�10% bilateral; hypoechoic; solid; wall 
 calcifi cations

Germ Cell Neoplasms (15–20%)a

Dysgerminoma Often seen in adolescence; radiosensitive; 
  may be cause of primary amenorrhea; 

elevated LDH, possible CA 125 elevation

Usually solid; homogeneous; variable in size; 
  10%–20% are bilateral; hyperechoic; may 

have cystic degeneration areas of necrosis 
and hemorrhage; irregular boundaries; color 
Doppler demonstrates fi brovascular septa with 
arterial fl ow

Immature and mature 
 teratoma

Often seen in adolescence; possible AFP; 
 CA 125, CEA, hCG, and LDH elevation

Solid mass with multiple small cysts; 
  calcifi cations; unilateral; usually small; 

well-defi ned; variable echogenicity; 
may have cystic degeneration; may result 
in torsion

Struma ovarii Teratoma composed of thyroid tissue; 
  increased thyroid hormone levels without 

thyroid disease; age 50

Centralized fl ow with color Doppler imaging; 
 solid; ascites

Choriocarcinoma May cause precocious puberty; aggressive 
  growth; elevated hCG; abdominal 

enlargement; pain; may develop 
hemoperitoneum; menstrual abnormalities

Variable consistency; large; unilateral

Teratocarcinoma Rare tumor; often seen in young adulthood Variable appearance with cystic and highly 
 echogenic areas with acoustic shadow

Endodermal sinus 
  tumor (Yolk sac 

tumor)

Often seen in adolescence; radiosensitive; 
  may be cause of primary amenorrhea; AFP 

elevated; abdominal pain

Predominantly rapidly growing solid mass with 
  areas of necrosis; unilateral; large (3–30 cm); 

lymphadenopathy

Metastases to Ovary (5–10%)

Krukenberg tumor Primary in gastrointestinal tract or from other
  sites: breast, lung, pancreas, lymphoma; 

pre- and postmenopausal; may be fi rst 
manifestation of extraovarian malignant 
disease; search for gastrointestinal primary

Large masses; usually complex texture and 
  bilateral; more common on right if unilateral; 

often indistinguishable from ovarian primary 
malignancy; ascites

Lymphoma Bilateral; solid; hypoechoic

Sex Cord Stromal Tumors (5–10%)

Granulosa-theca cell 
tumor

Wide age range; associated with 
  hyperestrinism; vaginal bleeding due to 

endometrial hyperplasia or carcinoma; 
breast tenderness; precocious puberty; 
pain due to torsion; associated with 
endometrial and breast carcinoma; 
abdominal pain; hemoperitoneum due to 
rupture

Predominantly solid; unilateral; homogenous; 
  may see endometrial thickening; size up to 

40 cm; peritoneal metastasis common; 
Meigs’ syndrome; cystic liver masses
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 TABLE 10-2    (continued) 

 Most Common Malignant Ovarian Neoplasms: Correlation of Clinical and Sonographic Findings 38,45,47,56–60  

Pathology (Frequency) Clinical Features Sonographic Findings

Androblastoma (Sertoli-
Leydig cell tumor)

Common in adolescence; may have 
  masculinizing effect; may have elevated 

AFP

Usually solid; unilateral; hypoechoic; small

Arrhenoblastoma Infertility; amenorrhea; may have 
  masculinizing effect; ache; hirsutism; high 

serum testosterone levels

Solid; cystic areas; lobulated; unilateral; well 
  encapsulated; size up to 30 cm

aIncludes transdermal sinus tumor, malignant mixed germ cell tumor, choriocarcinoma, and embryonal carcinoma.
AFP, alpha fetoprotein; CEA, carcionoembryonic antigen; hCG, human chorionic gonadotropin; LDH, lactate dehydrogenase

(Fig. 10-4). Areas of the lesion lacking adequate blood 
supply may suffer necrosis. Bleeding and necrosis add 
to the fl uid content of the lesion, therefore increasing 
the ultrasound echogenicity of the fl uid. Dystrophic cal-
cifi cation often occurs within areas of cellular degen-
eration. Radiographs demonstrate these microcrystals, 
or psammoma bodies. The epithelial tumors that do not 
secrete fl uid are usually smaller but may still have ir-
regular fl uid collections within them secondary to hem-
orrhage and necrosis. 

 Associated ascites often occurs with ovarian malig-
nancy. Sixty to seventy percent of postmortem exami-
nations fi nd the typically high protein ascetic fl uid in 
the abdomen. Protein-rich fl uid exudes from the tumor-
bearing surfaces of the peritoneum because the vessels 
are more permeable to protein. 20  Fluid accumulates fi rst 
in the dependent portion of the peritoneal cavity, such 
as the pelvic cul-de-sac. Subsequently, the fl uid as-
cends into both paracolic gutters but predominantly on 
the right side because this space is broader and forms 
a better communication between the right upper quad-
rant and the pelvis (Fig. 10-5). 

 When spontaneous leakage or rupture of a mucinous 
cystadenocarcinoma occurs, the peritoneal cavity is 

fl ooded with sticky, gelatinous fl uid, leading to massive 
abdominal distention, a condition known as pseudo-
myxoma peritonei. Rupture of a mucinous neoplasm of 
the appendix (most often malignant) is also a cause of 
this condition. 

 SPREAD AND STAGING OF OVARIAN 
MALIGNANCY 

 The major patterns of spread of ovarian malignancy are 
direct extension to involve neighboring organs in the pel-
vis, peritoneal seeding, and lymphatic spread. Ovarian 
cancer is the most common tumor responsible for peri-
toneal malignancy in women. Intraperitoneal dissemina-
tion occurs when tumor cells are shed from the lesion 
and establish growth on peritoneal surfaces within the 
abdomen, particularly the diaphragmatic leafl ets, liver 
capsule, bowel serosa, and omentum. This occurs rela-
tively early in the disease and is often, but not always, 
associated with ascites. There are several pathways for 
the lymphatic spread of tumor cells: peritoneal lym-
phatics  draining toward the diaphragm and pelvic lym-
phatics draining to the retroperitoneum. The pattern 
of spread of ovarian tumor is not predictable. Because 

 Figure 10-1 This endovaginal image demonstrates the multiple 
septations seen with ovarian malignancy. (Image courtesy of Philips 
Medical Systems, Bothell, WA.) 

 Figure 10-2 Imaging of a large, in this case a 30  �  13 cm, complex 
mass extending out of the pelvis, probably of ovarian origin. (Image 
courtesy of Philips Medical Systems, Bothell, WA.) 
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Committee on Cancer (AJCC) are widely accepted 
(Table 10-3). The stage of disease is determined at the 
time of laparotomy. Imaging techniques such as com-
puted tomography (CT), magnetic resonance imag-
ing (MRI), and ultrasound add further information to 
 increase the accuracy of staging (Fig. 10-7). 21–25  

 CLINICAL CONSIDERATIONS 
 SYMPTOMS 

 Ovarian carcinoma is mainly a disease of perimenopaus-
al and postmenopausal women; mean age at diagnosis 
is 52 years. The often insidious or vague symptoms of 
ovarian cancer contribute to delays in diagnosis. Patient 
complaints of pressure from an enlarging pelvic mass or 
from accumulation of ascites result in any related symp-
toms. Less frequently, manifestation of hormone activ-
ity (feminizing or masculinizing symptoms) provides 
clues to the presence of a lesion. Rarely, the diagnosis 
is made only when the tumor undergoes torsion and 
the patient presents with an acute abdomen, requiring 
surgical intervention. 

 An analysis of clinical studies from the literature dis-
closed that 95% of women with ovarian cancer reported 
symptoms prior to diagnosis, the most common  being 
abdominal bloating (77%), followed by complaints 
of abdominal pain (58%). 26  The mass may produce 
backache, pelvic pressure, or simply a vague feeling of 
pelvic discomfort. The pressure from mass and asci-
tes accounts for the urinary symptoms of  urgency and 
frequency seen in 34% of patients. Despite increases 
in abdominal girth, some patients may experience true 
weight loss. Such complaints are often treated symp-
tomatically, diverting attention from the pelvis and 
 delaying diagnosis. Undiagnosed, persistent gastroin-
testinal symptoms in women older than 40 years of age 
should prompt a search for an ovarian lesion. 

the diaphragmatic lymphatics are the major pathways 
of peritoneal fl uid drainage, blockage of this pathway 
by tumor may also produce ascites. The diaphragmatic 
lymphatics that drain to the retrosternal and mediastinal 
nodes constitute a major avenue for spread of the disease 
to the chest. 

 Positive vaginal cytology is due to advanced cases of 
ovarian malignancy, antegrade spread, or distal migra-
tion of tumor cells to the uterus. Frequently, distant me-
tastases occur in the liver (Fig. 10-6). Sonographically, 
these lesions may have a complex cystic appearance, 
refl ecting the presence of fl uid and mucin within them. 

 The extent of tumor spread or stage of disease at 
time of diagnosis is an important parameter in deter-
mining the patient’s clinical course. Staging schemes 
proposed by the International Federation of Gynecolo-
gists and Obstetricians (FIGO) and the American Joint 

 Figure 10-3 This 3D reconstruction of the internal architecture 
of the ovarian cyst reveals growth of internal projections extend-
ing from the cyst wall. (Image courtesy of Philips Medical Systems, 
 Bothell, WA.) 

A B
 Figure 10-4  A:  A multiseptated cyst with projections into complex-appearing fl uid is a sign of an ovarian malignancy.  B:  Color Doppler imag-
ing reveals fl ow in the membrane separating the complex cystic areas. (Images courtesy of Philips Medical Systems, Bothell, WA.) 
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A B

C D
 Figure 10-5 Meigs’ syndrome is the combination of ascites, pleural effusion, and an ovarian neoplasm. A transverse  (A)  and longitudinal 
 (B)  image of the right upper quadrant demonstrates the typical appearance of ascites. Bowel fl oats within the ascetic fl uid  (C)  and should not 
be mistaken for abdominal wall seeding of malignancy.  D:  Pleural fl uid (arrow). (Images courtesy of Philips Medical Systems, Bothell, WA.) 

 Figure 10-6 This image of the liver demonstrates the typical hy-
poechoic appearance of metastasis. Note the anechoic ascites seen 
in the anterior portion of the image. (Image courtesy of Philips Medi-
cal Systems, Bothell, WA.) 
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 Figure 10-7 Likely metastatic sites for ovarian cancer. 
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 TABLE 10-3 

 Staging System for Ovarian Cancer 35, 36, 63  

 FIGO Stage TNM Stage Extent of Disease 

TX Unable to assess primary tumor
T0 Primary tumor not seen

I T1 Growth limited to the ovaries
IA T1a, N0, M0 Limited to one ovary, capsule intact and free of tumor, no ascites, negative 

 peritoneal cytology
IB T1b, N0, M0 Neoplasms found in both ovaries, capsule intact and free of tumor, no ascites, 

 negative peritoneal cytology
IC T1c, N0, M0 Masses are either IA or IB; however the tumor extends outside the ovarian capsule 

 to the surface, ascites, positive peritoneal cytology
II T2 Growth beyond ovaries but limited to the pelvis
IIA T2a, N0, M0 Extension or implants to uterus/tubes, no ascites, negative peritoneal cytology
IIB T2b, N0, M0 Extension to other pelvic structures, including uterus, no ascites, negative peritoneal 

 cytology
IIC T2c, N0, M0 Pelvic extension or implants similar to IIA or IIB, ascites, positive peritoneal cytology
III T3 Growth beyond the pelvis; retroperitoneal or inguinal nodes or intraperitoneal 

 omental implants; superfi cial liver metastases
IIIA T3a, N0, M0 Negative nodes, histologically confi rmed microscopic seeding of abdominal 

 peritoneal surfaces
IIIB T3b, N0, M0 Same as IIIA with abdominal peritoneal implants �2 cm diameter, negative nodes
IIIC T3c, N0, M0 or 

T3c, N1, M0
Same as IIIA with abdominal peritoneal implants �2 cm diameter or positive pelvic, 
 retroperitoneal, or inguinal nodes

IV T(any), N(any), M1 Distant metastases or pleural involvement; liver parenchymal metastases

T, tumor size; N, spread to nodes; M, metastasis

cell tumor are often associated with vaginal bleeding 
in the postmenopausal patient. In young girls, a rare 
cause of primary amenorrhea is dysgerminoma, which 
is the counterpart of, and histopathologically r esembles, 
the seminoma of the testis (Fig. 10-8). A  lesion that 
often produces defeminizing or masculinizing  effects 
is the arrhenoblastoma or Sertoli-Leydig cell tumor. 
This lesion occurs in adolescents or young women 
and is often solid. Other endocrine-like effects, such 
as Cushing’s syndrome, hypoglycemia, hypercalcemia, 
and  hyperthyroidism, may present in association with 

A B
 Figure 10-8  A:  This surgical example of a dysgerminoma shows that it is a solid tumor with a gray, fl eshy, and lobulated cut surface. The le-
sion is principally solid with some cystic areas.  B:  The possible sonographic appearance of the same type of mass. (Image courtesy of Philips 
Medical Systems, Bothell, WA.) 

 A signifi cant number of patients with ovarian 
 malignancy present with or develop vaginal bleeding. 
Bleeding may be secondary to estrogen secretion by the 
lesion, concurrent endometrial and ovarian carcinoma, 
or, rarely, direct spread of the lesion to the endometri-
um. Frequently, the cause of bleeding is undetermined. 

 Symptoms of abnormal endocrine activity are some-
times a clue to the presence of an ovarian malignancy 
that is hormonally active or stimulates the normal ovar-
ian tissue to increased hormone production. Feminizing 
effects due to overproduction of estrogen by a granulosa 
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 ovarian malignancy. One consequence of hormonal ac-
tivity by the ovarian lesion is the possibility of earlier 
diagnosis. Abnormal hormonal activity is nondiagnostic 
of ovarian malignancy, as a  variety of  benign ovarian 
neoplasms manifest similar abnormalities. 

 Any mass may undergo sudden compromise of its 
blood supply as a result of torsion or incarceration. Such 
an event is likely to produce acute abdominal symp-
toms that mimic infl ammatory disease. In the pediatric 
age group, ovarian malignancy is likely to present as a 
pelvic or abdominal mass, with or without torsion. Tor-
sion of any ovarian mass is also more likely to occur in 
the second or third trimester of pregnancy because of 
uterine enlargement and the change in position of the 
ovarian pedicle. 11  

 TREATMENT 

 Early detection of ovarian cancer results in a cure 
rate of more than 90% with conventional treatment. 
However, only 25% of ovarian cancers are diagnosed 
in stage I. 27  Treatment options include surgery, radia-
tion therapy, and chemotherapy. 28  Surgical planning 
and management begins with appropriate surgical 
staging and histologic confi rmation of the specimen. 
An attempt to remove the bulk of the tumor (debulk-
ing) helps to minimize residual disease and enhance 
the effectiveness of radiation and chemotherapy. Sur-
gical treatment usually includes bilateral salpingo- 
oophorectomy, total hysterectomy, and omentectomy. 
In young women with stage I disease, removal of the 
involved ovary helps preserve fertility. The diagno-
sis of stage II or stage IV results in a cyclic course of 
chemotherapy often paired with radiation therapy. To 
determine the presence or absence of residual disease 
and to plan possible further treatment, the clinician 
may recommend a repeat laparotomy. 

 LABORATORY TESTS 

 Laboratory detection of malignancies, including ovar-
ian carcinoma, searches for telltale substances in the 
serum or plasma of patients who harbor a malignancy. 11  
Cancer cells, or the patient’s immune system, produc-
es substances, which may be proteins, hormones, or 
enzymes. These substances have been termed “tumor 
markers.” 

 Ovarian carcinoma results in signifi cant elevations 
of certain tumor markers; however, none is unique to 
the ovary or sensitive enough for use as a screening 
test. However, in a patient with a known pelvic mass, 
certain laboratory tests may be helpful in the diagno-
sis. For example, some assays, such as CA 125 tumor- 
associated antigen, utilized clinically as a marker of 
disease status, help in the diagnosis of recurrent ovar-
ian cancer through periodic monitoring. 29  A decreasing 
level indicates effective therapy, whereas an increasing 

level indicates tumor recurrence. CA 125 is a cell sur-
face glycoprotein present in 80% of ovarian epitheli-
al cancers. 36  It can be used in combination with two 
other newly identifi ed markers, CA 72-4 and CA 15-3. 
A simultaneous elevated level of these antigens is pre-
dictive of malignant disease in a majority of cases. 11,12  
However, as a screening tool, the sensitivity of CA 125 
in detection of early ovarian cancer is low, and a nor-
mal antigen level ( � 35 U/ml) does not necessarily ex-
clude the presence of disease. 16,29,36,41  

 Epithelial ovarian cancer results in an elevated CA 
125; however, benign processes such as  endometriosis, 
fi broids, and even pancreatitis also result in an 
 increase. 36,38,47,60  Due to this lack of specifi city, other 
values help in diagnosing an ovarian neoplasm, such 
as an alpha fetoprotein (AFP), carcinoembryonic anti-
gen (CEA), human chorionic gonadotropin (hCG), and 
lactate dehydrogenase (LDH). Used in conjunction with 
the CA 125, gray-scale and color Doppler sonography 
lesion diagnosis and specifi city increase. 35,36,38,41,47,58  In 
addition to helping in diagnosis, serial monitoring after 
intervention provides an indication of tumor resolution 
and reoccurrence. 38,57  Table 10-2 outlines which lab val-
ues elevate with each ovarian neoplasm. 

 IMAGING DIAGNOSIS 
 CONVENTIONAL RADIOLOGY 

 A plain radiograph of the pelvis often provides im-
portant information about the abdomen contents, as 
does a barium enema study. The principal value of 
a radiograph of the abdomen, the simplest and least 
expensive radiographic examination, is that it detects 
 calcifi cations and abnormal soft tissue masses in pa-
tients with abdominal distention. The most common 
ovarian lesion, serous cystadenoma, and its malignant 
counterpart, cystadenocarcinoma, may contain fi ne, 
granular calcifi cations that may coalesce to form cloud-
like aggregates. The primary lesions, as well as their 
 metastatic deposits, of the cystadenoma or cystadeno-
carcinoma demonstrate calcifi cations in  approximately 
12% of cases (Fig. 10-9). Mucinous cystadenocarcino-
ma and pseudomyxoma peritonei may develop curvi-
linear calcifi cations (Fig. 10-10). A wide range of plain 
fi lm densities, sometimes quite specifi c, may be pres-
ent in cystic teratomas, including their far less common 
malignant counterpart, the teratocarcinoma. These in-
clude teeth, bone, and fat. Malignant teratomas in ado-
lescents or very elderly patients may contain areas of 
coarse calcifi cation (Fig. 10-11). 

 A chest radiograph, used routinely to screen for 
pulmonary metastases, and barium enemas maintain 
a signifi cant role in patients with suspected ovarian 
malignancy (Fig. 10-12). Images demonstrate extrinsic 
displacement or encasement of the colon, or abnor-
malities of contour, that raise the suspicion of serosal 
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 Figure 10-9 Calcifi ed cystadenocarcinoma of the ovary images as a 
diffuse, ill-defi ned collection of granular amorphous calcifi cation on 
this pelvic radiograph. 

 Figure 10-10 One complication of spontaneous rupture of pseu-
domucinous carcinoma of the ovary is the development of pseudo-
myxoma peritonei as seen on this pelvic radiograph. 

A B

C

 Figure 10-11  A:  Radiographic detail view of the pelvis showing a 
lucent mass  (arrows)  on the left containing malformed teeth often 
imaged with an ovarian teratoma (dermoid).  B:  CT image shows 
the tumor with varying fatty  (star)  and dental  (arrow)  components. 
 C:  A transabdominal transverse sonogram of the pelvis. Compare the 
right-sided simple cyst  (open arrow)  to the dermoid  (arrow)  on the left. 
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because of poor soft tissue discrimination and the haz-
ards of ionizing radiation. 16  

 When intravenous and oral contrast are given, the 
CT examination provides accurate anatomic informa-
tion about the urinary tract, the opacifi ed portions of 
the gastrointestinal tract, and the presence of ascites, 
in addition to demonstrating the location of the actual 
mass. CT allows visualization of deep and subcapsular 
liver metastases that may be diffi cult or impossible to 
detect at surgery. Although an exploratory laparotomy 
remains the gold standard, a CT scan is most helpful 
as a means of staging the disease. CT may also be use-
ful in determining initial operability. 31,32,36  The scan may 
show extensive unresectable tumor, thereby preventing 
unnecessary surgery. 33,36  CT allows for postoperative 
evaluation for residual disease; after chemotherapy, 
it is a valuable resource to assess for the response to 
treatment. 

 MAGNETIC RESONANCE IMAGING 

 MRI of adnexal masses offers refi nements in tissue 
characterization over CT and ultrasound. 24,34  Using vari-
ous parameters, signal intensities can be noted, sug-
gesting fat or blood aiding in the characterization of 
complex adnexal masses. The addition of intravenous 
gadolinium to enhance areas of pathology improves the 
accuracy of diagnosis as well. 

 Although it is more expensive, MRI has the capa-
bility of multiplanar imaging and, together with the 
good spatial resolution of pelvic anatomy, makes this 
a choice method for determining the origin of a pelvic 
mass, regarding its extent and relationship to adjacent 
structures. MRI with fat-saturation technique is the 
next step in the imaging workup of any endovaginal 
sonographic results suspicious of malignancy. The MRI 
fi ndings most predictive of malignancy are papillary 

 Figure 10-12 This chest radiograph demonstrates the typical ap-
pearance of a patient with metastasis from a pelvic cancer. In this 
case, the bilateral metastasis is from endometrial carcinoma. The 
well-circumscribed mass in the right upper lobe has the expected 
radiographic appearance of a metastasis. 

involvement. In addition, the barium enema may dem-
onstrate a primary colonic malignancy, which may be 
coincidental to the ovarian primary or the source from 
which metastases to the ovary have spread. 

 COMPUTED TOMOGRAPHY 

 Specifi c strengths of the CT examination include the 
demonstration of pelvic sidewall masses, lymph node 
enlargement in the retroperitoneum, liver metastases, 
and calcifi cations (Fig. 10-13 and 10-14). 30,36  It is not 
usually indicated in the evaluation of adnexal masses 

A B
 Figure 10-13 Axial fat-suppressed T2-weighted anatomy of abdomen.  A:  1, gallbladder; 2, common hepatic duct; 3, stomach; 4, spleen; 
5, spinal canal; 6, right adrenal gland.  B:  1, caudal right lobe liver; 2, transverse colon; 3, small bowel; 4, kidneys; 5, duodenum; 6, common bile 
duct; 7, pancreas; 8, left adrenal gland. (continued) 
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A B
 Figure 10-14 Carcinoma of the ovary.  A:  AP pelvis. Note the irregular calcifi cation within the ovary overlying the iliac crest  (arrow).  The ab-
sence of bowel gas centrally overlying the sacrum is caused by a soft tissue mass displacing the gas superiorly.  B:  Axial abdominal CT  (arrows).  
COMMENT: Ultrasound is the modality of choice for the early detection of ovarian masses. CT studies are usually reserved for staging and 
assessing the therapeutic progress. 

projections protruding in a cystic tumor and necrosis 
in a solid tumor (Fig. 10-15). 16  If MRI fi ndings confi rm 
a cystic teratoma or endometrial cyst, further diagnos-
tic procedures may be unnecessary. In all other cases, 
surgical intervention, such as a laparoscopy, must be 
considered. 29  

 POSITRON EMISSION TOMOGRAPHY 

 Positron emission tomography (PET) is a tagged radio-
nuclide study used primarily to detect occult or recurrent 
ovarian malignancy. Some results have been  promising, 
suggesting that it is more sensitive than either CA 125 
assay or CT scan in diagnosing recurrence. 35,36  PET 

C D
 Figure 10-13 (contniued)  C:  Lymph nodes are typically very bright on fat-suppressed T2-weighted images as shown in this case of para-aortic 
lymphadenopathy  (arrows).   D:  A transverse sonographic image of lymphadenopathy  (red arrows)  surrounding the aorta. (Image courtesy of 
Philips Medical Systems, Bothell, WA.) 
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A B
 Figure 10-15 Carcinoma of the ovary.  A:  Sagittal T2-weighted image shows a large cystic and solid mass located above the uterus and ante-
rior to the rectum. Note that the mass does not seem to be arising from either of these structures.  B:  T2-weighted axial image demonstrates 
the extensive solid components of the mass. Again, the mass does not appear to arise from the rectum and it obliterates the left ovary. Note 
that the right ovary shows no evidence of tumor  (arrow).  

scans have shown a diagnostic accuracy of 76%. Be-
cause an onsite cyclotron is required for tagging, cost 
currently precludes its routine use. In addition, physi-
ologic bowel activity may be associated with increased 
uptake, making it diffi cult to differentiate bowel loops 
from adnexal structures. Thus, the usefulness of a PET 
scan in the preoperative determination of an ovarian 
lesion’s potential for malignancy is limited and appears 
unsuitable as a routine diagnostic procedure. It should 
only be used in a select group of patients in whom both 
ultrasound and MRI have failed to yield unequivocal 
results (Fig. 10-16). 29  

 SONOGRAPHY 

 Screening for Ovarian Malignancy 
 Utilization of gray-scale sonography is the most com-
mon imaging modality used to separate benign from 
malignant ovarian disease. 36  Endovaginal sonography 
is able to image regression in ovarian size, as well 
as changes in texture and surface characteristics oc-
curring in the premenopausal period. Ovarian dimen-
sions change from approximately 3.5  �  2  �  1.5 cm 
to 2  �  1  �  0.5 cm, making the ovary impalpable dur-
ing a pelvic exam in 70% of women. 23  Diminished 
blood supply and absence of folliculogenesis produce 
a wrinkled surface and a change in texture. Absence 
of this normal regression 3 to 5 years after menopause 
may be considered pathologic and requires prompt 
investigation. Only women supplementing with hor-
mone replacement therapy (HRT) continue to have 
normal-sized ovaries. The most promising means of 
infl uencing the prognosis of ovarian cancer patients 
is via endovaginal ultrasound in early detection of ad-
nexal masses. 

 Endovaginal sonography remains the diagnostic 
method of choice as a screening technique for ovarian 
processes. Ultrasound is a safe, well-tolerated exami-
nation and can help narrow the differential diagnosis, 
although it cannot always distinguish a malignant from 
a benign process. 

 Ultrasound screening of the normal population of 
postmenopausal women for ovarian carcinoma has not 
developed into a successful or cost-effective undertak-
ing, even though a sonogram is a more sensitive tool 
than the physical examination in measuring ovarian 
volume and size. 36,40,45  In a genetically high-risk popula-
tion, an approach that combines tumor markers (i.e., 
CA 125) with a pelvic ultrasound, including color fl ow 
Doppler analysis, and the physical examination is being 
investigated in numerous studies to see if it improves 
detection of early malignancy. 20,21,33,36–38  

 When screening patients for ovarian  malignancy, 
size as well as sonographic texture are important 
features to note. To date, ultrasound studies of ovar-
ian volume in postmenopausal women without HRT 
have suggested a range of 2.5 to 3.7 cm 3  as the up-
per limit of normal. 6,39,40,64  Signifi cant size discrepancies 
when comparing both ovaries is another criterion for 
ovarian enlargement. It has been suggested that one 
ovary should not be more than twice the size of the 
contralateral one, 40  but in postmenopausal women, less 
dramatic size inconsistencies should raise suspicion. 
Transabdominal sonography has a sensitivity of 83% 
in detecting postmenopausal ovaries, an improvement 
over the 67% sensitivity of physical palpation. 23  Trans-
abdominal sonography depicts a global view of the 
pelvic viscera, permits inspection of the abdomen and 
retroperitoneum, and can readily demonstrate ascites. 
A predominantly solid or complex mass is more suspect 
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 Figure 10-16 PET scan confi rming hypermetabolic activity of lesions identifi ed on corresponding CT scans. Black arrows indicate hepatic 
metastases, and the white arrows demonstrate portal and para-aortic lymph node metastases. The lossy notation on the PET image indicates 
the type of compression used on the image. 

than a purely cystic mass. Endovaginal ultrasound al-
lows distinctions in tissue texture to be made with 
greater confi dence and provides further refi nements in 
the assessment of ovarian size. The addition of color 
fl ow Doppler and spectral analysis permits added in-
formation regarding regional blood fl ow. The best ap-
proach to ultrasound imaging of the postmenopausal 
ovary combines information from both transabdominal 
and endovaginal studies. 6  

     A signifi cant limitation in the ultrasound study of 
postmenopausal patients is the diffi culty in identifying 
normal postmenopausal ovaries, which are defi cient 
of follicles, a characteristic feature that aids ovarian 
identifi cation in premenopausal women. It is impor-
tant to recognize that when ovaries are not visualized 
 sonographically, they cannot be classifi ed as normal. 33,41  
Greater experience, careful scanning technique, and en-
dovaginal scanning overcome some of the diffi culty. 

 Doppler of the Ovary 
 Several studies suggest that both color fl ow Doppler and 
spectral analysis may provide clinically useful informa-
tion in differentiating benign from malignant ovarian 
neoplasms. The distribution of vascularity is typically 
peripheral and orderly in benign lesions, but central 
and haphazard in malignancy. 23,42–47  An overall elevated 
peak systolic velocity due to neovascularity and arte-
riovenous shunting has been noted by some authors. 
A decrease in vascular impedance due to lack of in-
timal smooth muscle in tumor vessel walls has been 

 PATHOLOGY BOX 10-2 

 Ovarian volume 6,39,40,45,47,58,64  

 Life Stage Volume 

Premenarchal 3.0 cm 3  ( � 2.3)
 Menstrual 9.8 cm 3  ( � 5.8) 
 Postmenopausal* 5.8 cm 3  ( � 3.6) 
 Ovarian volume in cubic centimeters  �  length  �  height 
(AP  thickness)  �  width  �  0.523 
 *Without hormone replacement 
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lesion to form cystic masses with internal septa and 
soft tissue protrusions. Diffuse, low-amplitude signals 
within the cystic mass suggest the presence of mucin, 
as is seen in mucinous cystadenoma and cystadeno-
carcinoma. However, this fi nding is nonspecifi c for 
mucin, because it may be seen with fresh blood or 
purulent material. High- amplitude refl ections associ-
ated with acoustic shadowing are often a clue to the 
presence of calcifi cations within the mass. 

 The ultrasound examination does not have the 
specifi city to distinguish between benign and malig-
nant disease, but a number of sonographic features, 
if present, favor the diagnosis of ovarian malignancy. 
As the proportion of solid components of the lesion 
increases, so does the likelihood of malignancy. Solid 
portions of the lesion consist of irregular septations, 
2 mm thick or greater, and papillary growths. 51  Us-
ing endovaginal sonography, a morphologic scoring 
system has been devised, based on ovarian volume, 
cyst wall thickness, the presence of septations or pap-
illary growths, and extratumoral fl uid. This helps to 
quantify fi ndings and assign a risk of malignancy. 52  
Not infrequently, an ovarian malignancy has a pre-
dominantly or completely solid texture. Generally, the 
likelihood of malignancy is increased by the greater 
amount of solid tissue in a complex mass and when 
the volume exceeds 10 cm 3  in postmenopausal women 
and 20 cm 3  in premenopausal women (Fig. 10-18). 16,48  
Nodularity and poor defi nition of the outer margin of 
the mass also favors malignancy. Immobility or non-
compressibility imply fi xation of a mass and suggest 
malignancy. In addition, bilateral disease can also 
imply malignancy. This fi nding is often diffi cult to 
ascertain. If the bilateral lesions are large, they may 
coalesce in the cul-de-sac to form one large mass. In 
some cases, ascites may be the only clue to the pres-
ence of ovarian malignancy, and the ovarian lesion 

described in several series. A resistive index (RI) less 
than 0.4 and a pulsatility index (PI) less than 1.0 have 
been used as measurements denoting malignancy. 36  It 
has been documented that resistance to fl ow is lower in 
vessels supplying ovarian cancers than in those supply-
ing benign ovarian tumors. 48  Other abnormalities may 
present with similar blood fl ow patterns. These include 
infl ammatory processes, ectopic pregnancies, and cor-
pus luteal cysts. Current practice is to use the Doppler 
information as an adjunct to the transabdominal and 
endovaginal imaging evaluation. 

 Recently, there have been rapid technological 
 advances in ultrasonography, including the develop-
ment of three-dimensional (3D) endovaginal power 
 Doppler imaging and 3D volume acquisition. Initial 
studies suggest an improvement of diagnostic accuracy 
in the differentiation between benign and malignant 
adnexal pathology with use of this technology. It allows 
for thorough evaluation of the lesion’s vascularity in 
three distinct planes and can better assess for internal 
blood fl ow in septations and solid papillary projections. 
Also, there are reported advantages of 3D sonography 
using surface rendering to improve visualization of the 
internal architecture of adnexal masses containing cys-
tic and solid components not otherwise appreciated 
by two-dimensional (2D) technology (Fig. 10-17). 49,50  
For detailed information on ovarian Doppler, refer to 
Chapter 6. 

 Sonographic Diagnosis 
 A sonogram is often the initial imaging study for 
patients with ovarian malignancy. The object of the 
ultrasound examination is to characterize the mass, 
defi ne its contours, and obtain measurements. The 
gross anatomy of the most common form of ovarian 
malignancy, cystadenocarcinoma, lends itself well to 
ultrasound depiction because of the propensity of the 

A B
 Figure 10-17  A:  Surface rendering of the internal architecture of a simple cyst demonstrates a smooth regular wall.  B:  In contrast, the surface 
rendering of this cyst clearly shows internal wall projections into an ovarian cyst. (Images courtesy of Philips Medical Systems, Bothell, WA.) 
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 Ultrasound imaging also has its limitations. There 
is the diffi culty in detecting small-volume disease in-
volving retroperitoneal nodes, peritoneal surfaces, and 
omentum. 22,54  Lesions situated high in the pelvis may 
be entirely outside the fi eld of view of the endovaginal 
transducer. Despite these limitations, ultrasound pro-
vides reasonably accurate information for initial stag-
ing as well as evaluation for recurrent disease, with a 
reported accuracy of 90%. 25,54  

 Sonographic Monitoring 
 Ultrasound is often used to monitor patients for per-
sistent or recurrent disease after surgery and during 
treatment. An exam shortly after surgery may serve as 
a baseline study. In scanning the patient after a total 
hysterectomy, it is important to adjust the gain settings 
so that the increased sound transmission through the 
urinary bladder does not obscure a small pelvic mass. 
Endovaginal scanning should clarify any question with 
regard to the presence of a mass in the true pelvis or 
involving the vaginal cuff. Survey of the liver and ret-
roperitoneal areas may be part of the postoperative ex-
amination as well. If pelvic masses, peritoneal nodules, 
or loculated areas of ascites are observed, ultrasound 
may be used to guide for needle aspiration. 

 Ultrasound Scanning Protocol 
 The examination consists of a systematic survey of the 
pelvis in the sagittal and transverse planes with identi-
fi cation of the bladder, uterus, and adnexal and cul-de-
sac areas (Table 10-4). During the ultrasound exam, time 
gain compensation (TGC), focal zone position and num-
ber, plus the depth need adjustment to optimized the 
image and demonstrate posterior transmission patterns. 

 Often it is not possible to perform the ideal pelvic so-
nographic examination in the presence of a large mass 
because it is diffi cult for the patient to maintain a full 

itself may not be visualized. In such cases, use of an 
endovaginal transducer would help identify the ovar-
ian mass and be of diagnostic value. The presence of 
ascites together with a cystic pelvic mass defi nitely 
raises the suspicion of malignancy. 53  The ultrasound 
appearance of the ascitic fl uid in pseudomyxoma 
peritonei is usually echogenic because of the thick 
globular consistency of the fl uid. 

 Metastasis to the ovary is common and is an impor-
tant component of treatment failure in female patients 
with a malignancy. It commonly arises from breast or 
colon cancer, but also from other affected pelvic organs 
by direct extension or lymphatic spread. Krukenberg 
tumors are characterized by the presence of signet ring 
cells and are marked by areas of mucoid degeneration 
(Fig. 10-19). 16  They are usually bilateral and solid in ap-
pearance, and prognosis is poor. 

 Figure 10-18 This case of ovarian cancer demonstrates a predomi-
nately solid mass with a heterogeneous internal echo texture com-
plete with septations. (Image courtesy of Philips Medical  Systems, 
Bothell, WA.) 

A B
 Figure 10-19  A:  Krukenberg tumor. Endovaginal sagittal images showing a large complex mass with many irregular septations and solid intra-
luminal nodules.  B:  Sagittal endovaginal image shows hypervascularity of the septations during color Doppler interrogation. 
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bladder. It is important, however, to have enough fl uid 
in the bladder for identifi cation and use as a landmark 
and not mistaken for the cystic mass. In some cases, 
instillation into the bladder of 300 to 500 ml of normal 
saline with a Foley catheter may be required. An endo-
vaginal exam is a very important adjunct to the exami-
nation, especially when an adequate transabdominal 
scan is not possible. Endovaginal  sonography improves 
the delineation of adnexal masses and increased defi -
nition of uterine texture and contour. Thickening and 
other abnormalities of the endometrium suggest hyper-
plasia or endometrial carcinoma. Familiarity with Dop-
pler techniques using color fl ow and spectral analysis is 
essential for obtaining additional information regarding 
blood fl ow to and within the lesion. 

 When ovarian malignancy is suspected based on 
the sonographic appearance of the mass, a complete 
pelvic and abdominal study can be done to provide 
information for staging (see Table 10-3). Search for 
ascites is directed to the cul-de-sac, paracolic gutters, 
especially on the right, and around the liver edge (Fig. 
10-20). The inferior surfaces of the diaphragmatic leaf-
lets may be visualized in the presence of moderate 
ascites. This enables the sonographer to demonstrate 
nodules on the liver capsule or on the diaphragmatic 
surface, which would suggest stage IV disease. Atten-
tion should be directed to the peritoneal surfaces to 
detect tumor implants. Observation of peristalsis is an 
important aspect of real-time scanning and may avoid 
confusion between tumor nodules and loops of bowel. 
The sonographer also has the opportunity to perform 
a “hands-on” maneuver by exerting gentle pressure on 
the cystic mass (if it is superfi cially located) to assess 

it for compressibility. This is a feature of bowel and 
is usually not found with cystic malignant lesions. 
Evaluation of liver parenchyma is an integral part of 
the ultrasound study in the search for metastases. The 
costophrenic angles are also evaluated for the presence 
of pleural effusion. Both kidneys should be studied to 
assess the presence or absence of hydronephrosis. In 
the incidence of massive ascites, it may be diffi cult to 
image the para-aortic area to demonstrate retroperito-
neal adenopathy. In such cases, oblique and coronal 
scanning should be attempted. 

 Differential Diagnosis 
 The differential diagnosis of ovarian malignancies in-
cludes a variety of benign ovarian neoplasms. No im-
aging modality has yet been able to provide the tissue 
specifi city necessary to distinguish between benign and 
malignant lesions. Most ovarian neoplasms are benign, 
and their gross pathologic appearance is often indis-
tinguishable from that of their malignant counterparts. 
In the menstruating woman, nonneoplastic cystic le-
sions of the ovaries such as large follicular cysts, corpus 
luteum, and theca-lutein cysts should also be consid-
ered in the differential diagnosis. These lesions have a 
mixed echogenic pattern, particularly when intracystic 
hemorrhage occurs. Inclusion or paraovarian cysts are 
nonneoplastic cystic masses of the ovary, but when 
found in the postmenopausal age group, may resemble 
neoplasms. 

 A pedunculated leiomyoma may mimic an ovar-
ian neoplasm, particularly when degeneration due to 

 Figure 10-20 Diagrammatic view of the peritoneal cavity. Dotted 
areas represent the most common sites of ascites fl uid collection. 

 TABLE 10-4 

Summary of Ultrasound Protocol for Ovarian 
Malignancy

 Purpose Sonography Checklist 

 Screening  Note any ovarian enlargement. In pre- and 
  postmenopausal women, ovarian linear 

dimension should not exceed 3 cm in 
length and 1.5 cm in thickness. 

   Note signifi cant asymmetry in ovarian size. 

 Diagnosis  Observe texture, contour, size, and sound 
  transmission of mass. Determine whether 

it is unilateral or bilateral. Note uterine 
contours and endometrial refl ection. 

   Check for ascites. Identify liver, 
 retroperitoneal, or omental masses. 

   Check kidneys for hydronephrosis. 

 Monitoring  Compare to baseline study to exclude new 
  masses. Check for ascites, retroperitoneal 

nodes, and liver masses. Survey pelvis, 
abdomen, and retroperitoneum before 
second-look operation. 
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 SUMMARY 
 • Ovarian cancer is one of the most lethal forms of can-

cer due to late diagnosis 

 • Early treatment of ovarian cancers (Stage I) results in 
a 90% 5-year survival rate 

 • Eighty percent of ovarian carcinomas originate in the 
epithelium of the ovaries 

 • Epithelial cancers form large cystic masses with nod-
ular papillary growths projecting into the interior 

 • Color Doppler of the epithelial cancer demonstrates 
prominent fl ow in the septations 

 • Rupture of the mucinous cystadenocarcinoma results 
in pseudomyxoma peritonei 

 • The combination of ascites, pleural fl uid, and a solid 
ovarian mass is called Meig’s syndrome 

 • Lymphatic spread and intraperitoneal seeding of tu-
mor cells occurs with ovarian cancer spread 

 • Staging of ovarian malignancies is through the FIGO 
and TMN classifi cation systems used at the time of 
laparotomy 

 • Vague clinical symptoms, often shared by other dis-
ease processes, often result in the late diagnosis of 
ovarian cancers 

 • Ovarian masses, whether malignant or benign, can 
result in torsion of the ovary 

vascular compromise results in the formation of cystic 
spaces. 55  

 Neoplasms of the fallopian tube are exceedingly rare 
and often malignant. These lesions are sometimes mis-
taken for ovarian malignancies. 

 Tumor-like conditions that are morphologically simi-
lar to ovarian neoplasms include endometriosis and 
pelvic infl ammatory disease. Furthermore, an ectopic 
pregnancy should always be considered as a potential 
cause for a mass in menstruating women. Diverticulitis 
and colitis, as well as other gastrointestinal diseases, of-
ten produce infl ammatory masses and fl uid collections 
in the pelvis and should be considered, particularly in 
postmenopausal patients. 

 Distended, fl uid- and stool-fi lled loops of bowel im-
aged in the pelvis may appear tumor-like. Although the 
observation of peristalsis identifi es them as bowel, ab-
sence of peristalsis need not exclude this possibility. 
Ischemic disease of the bowel may be associated with a 
dynamic ileus and a small amount of ascites. 

 The examiner faces a number of diagnostic chal-
lenges in the presence of a pelvic mass. The fi rst is to 
determine the origin of the mass: is it ovarian, uterine, 
or nongynecologic? The second is to identify charac-
teristics that are consistent with benign or  malignant 
 neoplasms. Awareness of differential diagnostic pos-
sibilities is important because of the morphologic 
similarity among many masses and disorders in the 
pelvic area. 

 1. A 18-year-old patient presents with intermittent 
right lower quadrant pain. Labs revealed normal 
red and white blood counts (RBC and WBC). The 
patient denies sexual activity even though her urine 
pregnancy test returned positive. Her last normal 
menstrual period was about 2 months ago; how-
ever, the clinical exam revealed a normal sized 
uterus with right-sided fullness. The sonographic 
images confi rm a right-sided mass. Select one type 
of  ovarian pathology that presents these fi ndings. 
Explain why you chose this neoplasm.
  ANSWER : The lab values and sonographic images fi t 
with an immature or mature teratoma. Possible dif-
ferentials include a choriocarcinoma. The key lab is 
the positive pregnancy test occuring with an elevated 
hCG. The sonographic images demonstrate a unilat-
eral solid mass with multiple small cysts. Intermit-
tent torsion of the mass is likely the cause of the 
right lower quadrant pain. 

  2. A 60-year-old postmenopausal patient complains of 
heartburn, abdominal pain, and pelvic pressure. After 
viewing the images, answer the following questions: 
 a. What ovarian neoplasm fi ts the patient’s 

 symptoms and the sonographic fi ndings? 

 Critical Thinking Questions 
 b. There are no measurements on the image of the 

pelvic mass. How would you estimate the size? 
 c. From these images, how would you grade this 

 tumor? What image fi ndings did you use to 
 classify the neoplasm? 

  ANSWER : This is probably a serous or mucinous 
cystadenocarcinoma. In the FIGO staging system, 
this would be classifi ed as a stage IV. TMN. staging 
would classify this mass as a T3c, N1, M1 because of 
the positive retroperitoneal nodes, liver metastasis, 
and ascites. 
 These longitudinal and transverse images demon-
strate lymphadenopathy (stars). 
 This image of the liver demonstrates the hetero-
geneous appearance of liver metastasis. A small 
amount of ascites (arrow) is just inferior to the 
diaphragm. 
 An endovaginal image of the pelvic mass reveals a 
10 cm mass. The size estimate would be approxi-
mately 10 cm, as indicated by the measurement bar 
located to the right of the image. Complex fl uid along 
with the papillations (solid yellow arrow) suggest 
that this is a cystadenocarcinoma. The open arrow 
indicates a side lobe artifact. 
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 • Eighty percent of ovarian epithelial cancers result in 
an elevated CA 125; however, many benign processes 
result in increased blood levels 

 • Adjunct lab tests include CA 72-4, CA 15-3, AFP, 
CEA, hCG, and LDH; these are also used in post treat-
ment monitoring 

 • The upper limit of the normal ovarian volume in a 
postmenopausal woman is 2.5 to 3.7 cm 3  

 • Ovarian volume discordance raises suspicion for ma-
lignancy 

 • Spectral Doppler RI less than 0.4 and PI less than 
1.0 have been used as measurements denoting ma-
lignancy 

 • Color Doppler demonstrates a disorganized central 
vascularity pattern in malignant lesions 

 • 3D surface rendering of the internal architecture of 
a cystic ovarian structure aids in imaging papillary 
projections 

 • Sonographic imaging lacks specifi city in diagnosis of 
ovarian masses 

 • Breast, colon, or other pelvic malignancies often me-
tastasize to the ovary, resulting in Krukenberg tumors 

 REFERENCES 

  1. Terplan M, Temkin S, Tergas A, et al. Does equal treat-
ment yield equal outcomes? The impact of race on surviv-
al in epithelial ovarian cancer.  Gynecol Oncol . 2008;111(2):
173–178. 

  2. Garber JE, Offi t K. Hereditary cancer predisposition syn-
dromes.  J Clin Oncol . 2005;23(2):276–292. 

  3. American Cancer Society.  Cancer statistics, 2009 .  CA 
Cancer J Clin . 2009;59(4):225–249. 

  4. Aletti GD, Gallenberg MM, Cliby WA, et al. Current man-
agement strategies for ovarian cancer . Mayo Clin Proc . 
2007;82(6):751–770. 

  5. Cooper N, Quinn MJ, Rachet B, et al. Survival from cancer 
of the ovary in England and Wales up to 2001.  Br J Cancer . 
2008;99(Suppl 1):S70–S72. 

  6. Alston RD, Geraci M, Eden TOB, et al. Changes in cancer in-
cidence in teenagers and young adults (ages 13 to 24 years) 
in England 1979–2003.  Cancer . 2008;113(10):2807–2815. 

  7. Jensen KE, Hannibal CG, Nielsen A, et al. Social inequali-
ty and incidence of and survival from cancer of the female 
genital organs in a population-based study in Denmark, 
1994–2003.  Eur J Cancer . 2008;44(14):2003–2017. 

  8. Chung HH, Hwang SY, Jung KW, et al. Ovarian cancer 
incidence and survival in Korea: 1993–2002.  Int J Gynecol 
Cancer . 2007;17(3):595–600. 

  9. Rosenthal AN, Menon U, Jacobs IJ. Screening for ovarian 
cancer.  Clin Obstet Gynecol . 2006;49(3):433–447. 

  10. Tworoger SS, Fairfi eld KM, Colditz GA, et al. Association 
of oral contraceptive use, other contraceptive methods, 
and infertility with ovarian cancer risk.  Am J Epidemiol . 
2007;166(8):894–901. 

  11. Hamilton W, Peters TJ, Bankhead C, et al. Risk of ovarian 
cancer in women with symptoms in primary care: pop-
ulation based case-control study.  BMJ . 2009;339:b2998. 
doi: 10.1136/bmj.b2998 



 256 PART 1 — GYNECOLOGIC SONOGRAPHY

  31. Nelson BE, Rosenfi eld AT, Schwartz PE. Preoperative 
abdominopelvic computed tomographic prediction of 
optimal cytoreduction in epithelial ovarian carcinoma. 
 J Clin Oncol . 1993;11(1):166–172. 

  32. Akin, O, Sala, E, Moskowitz CS, et al. Perihepatic metas-
tases from ovarian cancer: sensitivity and specifi city of 
CT for the detection of metastases with and those with-
out liver parenchymal invasion.  Radiology . 2008;248(2):
511–517. 

  33. Kushtagi P, Kulkarni KK. Signifi cance of the ‘ovarian cres-
cent sign’ in the evaluation of adnexal masses.  Singapore 
Med J . 2008;49(12):1017–1020. 

  34. Sohaib SA, Reznek RH. MR imaging in ovarian cancer. 
 Cancer Imaging . 2007;7(Spec No A):S119–S129. 

  35. Iyer RB, Balachandran A, Devine CE. PET/CT and cross 
sectional imaging of gynecologic malignancy.  Cancer 
Imaging . 2007;7(Spec No A):S130–S138. 

  36. Myers ER, Bastian LA, Havrilesky LJ, et al. Management 
of adnexal mass.  Evid Rep Technol Assess (Full Rep) . 
2006;(130):1–145. 

  37. Liu J, Xu Y, Wang J. Ultrasonography, computed tomog-
raphy, and magnetic resonance imaging for diagnosis of 
ovarian carcinoma.  Eur J Radiol . 2007;62(3):328–334. 

  38. Neesham D. Ovarian cancer screening.  Aust Fam 
Physician . 2007;36(3):126–128. 

  39. Healy DL, Bell R, Robertson DM, et al. Ovarian status in 
healthy postmenopausal women.  Menopause . 2008;15(6):
1109–1114. 

  40. Sherman ME, Lacey JV, Buys SS, et al. Ovarian vol-
ume: determinants and associations with cancer among 
postmenopausal women.  Cancer Epidemiol Biomarkers 
Prev . 2006;15(8):1550–1554. 

  41. Van Calster B, Timmerman D, Bourne T, et al. Discrimi-
nation between benign and malignant adnexal masses by 
specialist ultrasound examination versus serum CA-125. 
 J Natl Cancer Inst . 2007;99(22):1706–1714. Epub 2007 
Nov 13. 

  42. Kurjak A, Prka M, Arenas JM, et al. Three-dimensional 
ultrasonography and power Doppler in ovarian cancer 
screening of asymptomatic peri- and postmenopausal 
women.  Croat Med J . 2005;46(5):757–764. 

  43. Alcázar JL. Tumor angiogenesis assessed by three-dimen-
sional power Doppler ultrasound in early, advanced, and 
metastatic ovarian cancer: a preliminary study.  Ultrasound 
Obstet Gynecol . 2006;28(3):325–329. 

  44. Shwayder JM. Pelvic pain, adnexal masses, and ultra-
sound.  Semin Reprod Med . 2008;26(3):252–265. 

  45. Hagan-Ansert S. The sonographic and Doppler evaluation 
of the female pelvis. In:  Textbook of Diagnostic Medical 
Ultrasonography . 6th ed. Volume 2. St. Louis: Mosby; 
2006:873–897. 

  46. Van Holsbeke C, Domali E, Holland TK, et al. Imaging of 
gynecological disease (3): clinical and ultrasound charac-
teristics of granulosa cell tumors of the ovary.  Ultrasound 
Obstet Gynecol . 2008;31(4):450–456. 

  47. Rumack CM, Wilson SR, Charboneau JW. Gynecologic ul-
trasound. In:  Diagnostic Ultrasound . 3rd ed. Volume 1. St. 
Louis: Elsevier; 2006. 

  48. Ueland FR, DePriest PD, Pavlik EJ, et al. Preoperative dif-
ferentiation of malignant from benign ovarian tumors: the 
effi cacy of morphology indexing and Doppler fl ow sonog-
raphy.  Gynecol Onc . 2003;91(1):46–50. 

  49. Cohen LS, Escobar PF, Scharm C, et al. Three-dimensional 
power Doppler ultrasound improves the diagnostic accu-
racy for ovarian cancer prediction.  Gynecol Onc . 2001;
82(1):40–48. 

  50. Kurjak A, Kupesic S, Sparac V, et al. The detection of stage 
I ovarian cancer by three-dimensional sonography and 
power Doppler.  Gynecol Onc . 2003;90(2):258–264. 

  51. Moyle JW, Rochester D, Sider L, et al. Sonography of ovar-
ian tumors: predictability of tumor type.  Am J Roentgenol . 
1983;141(5):985–991. 

  52. Sassone AM, Timor-Tritsch IE, Artner A, et al. Endo-
vaginal sonographic characterization of ovarian disease: 
evaluation of a new scoring system to predict ovarian ma-
lignancy.  Obstet Gynecol . 1991;78(1):70–76. 

  53. Requard CK, Mettler FA Jr, Wicks JD. Preoperative 
sonography of malignant ovarian neoplasms.  Am J 
Roentgenol . 1981;137(1):79–82. 

  54. Khan O, Wiltshaw E, McGready VR, et al. Role of US in 
the management of ovarian carcinoma.  J Royal Soc Med . 
1983;76(10):821–827. 

  55. Nocera RM, Fagan CJ, Hernandez JC. Cystic parametrial 
fi broid mimicking ovarian cystadenoma.  J Ultrasound 
Med . 1984;3(4):183–187. 

  56. World Health Organization. Classifi cation of human ovar-
ian tumors. Environ Health Perspect. 1987;73:15–25. 

  57. Gibbs RS, Karlan BY, Haney AF, et al, eds. Gynecologic 
ultrasound. In:  Danforth’s Obstetrics & Gynecology . 10th 
ed. Philadelphia: Lippincott Williams & Wilkins; 2008. 

  58. Valentin L, Callen PW. Ultrasound evaluation of the ad-
nexa (Ovary and Fallopian Tubes). In:  Ultrasonography in 
Obstetrics and Gynecology . 5th ed. Philadelphia: Saunders 
Elsevier; 2008. 

  59. Kumar V, Abbas AK, Fausto N, et al.  Robbins Basic Pathol-
ogy . 8th ed. Philadelphia: Saunders; 2007. 

  60. Mills SE.  Sternberg’s Diagnostic Surgical Pathology . 5th ed. 
Volume II chapters 54 and 55. Baltimore: Lippincott Wil-
liams & Wilkins; 2010. 

  61. Genetics Home Reference. Retrieved from http://ghr.nlm
.nih.gov/ Accessed: 1/2010. 

  62. Tuefferd M, Couturier J, Penault-Llorca F, et. al. HER2 sta-
tus in ovarian carcinomas: a multicenter GINECO study of 
320 patients.  PLoS ONE . 2007;2(11):e1138. 

  63. American Joint Committee on Cancer.  AJCC Cancer 
Staging Manual . 7th ed. New York: Springer; 2009. 

  64. Wallace WH, Kelsey TW. Ovarian reserve and reproduc-
tive age may be determined from measurement of ovar-
ian volume by transvaginal sonography.  Human Reprod . 
2004;19(7):1612–1617. 

http://ghr.nlm


  257

Myometritis Myometrial infl ammation

Oophoritis Infection of the ovaries

Parametritis Infection of the connective tissue 
 surrounding the uterus

Pelvic infl ammatory disease (PID) Infection of the 
female reproductive tract

Pyosalpinx Pus within the fallopian tube

Peritonitis Infection of the peritoneum

Salpingitis Infection of the fallopian tube

Tubo-ovarian abscess (TOA) Infection found in 
the late stages of PID resulting in the inability to 
 differentiate tubal and ovarian structures

Tubo-ovarian complex Ability to identify the ovary 
and tube in the presence of adhesions or infection

GLOSSARY

Adenomyosis Presence of endometrial glands and   
 tissues found in the uterine wall

Dysmenorrhea Painful menstruation

Dyspareunia Painful intercourse

Endometriosis Implants of endometrial tissue outside 
the uterus

Endometrioma Blood-fi lled cyst located on the ovary 
that is the result of endometriosis

Endometritis Bacterial infection of the  endometrium 
with potential extension into the surrounding 
 (parametrial) tissues

Fitz-Hugh-Curtis syndrome (aka perihepatitis) Rare 
complication of PID resulting in the development of 
liver adhesions due to the infl ammatory exudates

KEY TERMS

pelvic infl ammatory disease | adenomyosis | endometriosis

OBJECTIVES

Describe the etiology, clinical presentation, and management of pelvic infl ammatory 
disease (PID) and endometriosis

Discuss the role of ultrasound in diagnosis and management of PID and endometriosis

Classify the severity of PID and endometriosis using current staging categories

Summarize the differences between endometriosis and adenomyosis

 11  Pelvic Infl ammatory Disease 
and Endometriosis
Allison A. Cowett

 Pelvic infl ammatory disease (PID) and endometriosis 
are disease processes of the female pelvis that cause dif-
fuse morphologic and vascular changes. Both display a 
varied pattern of tissue involvement and clinical fi ndings. 
Clinical presentation in the early stages of both disease 
entities may be nonspecifi c. Endometriosis often mimics 
functional bowel disease, and PID often mimics ecto-
pic pregnancy or appendicitis. While these two disease 
processes are physiologically distinct, they exhibit simi-
lar sonographic fi ndings. Attention to the details of the 
patient history and clinical fi ndings in correlation with 
pelvic ultrasound fi ndings allow the careful clinician 
to distinguish between PID and endometriosis. In this 
chapter, we consider PID and endometriosis separately 
in terms of etiology, clinical presentation, management, 

and sonographic fi ndings. Table 11-1 summarizes the 
differences and similarities of these two distinct disease 
processes in relation to etiology, clinical presentation, 
disease progression, treatment, and sequelae. 

 PELVIC INFLAMMATORY DISEASE 
 The term pelvic infl ammatory disease or PID refers to 
the clinical entity of diffuse infl ammation of the upper 
female genital tract resulting from infection.  Locations 
affected by PID include the endometrium (endome-
tritis), the uterine wall (myometritis), the uterine se-
rosa and broad ligaments (parametritis), and the ovary 
( oophoritis). The most common location of infection is 
the oviducts or fallopian tubes (salpingitis). 
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 PID has a signifi cant immediate economic impact as 
well as costly long-term sequelae. There are currently 
an estimated 1.5 million cases of PID diagnosed per 
year in the United States, associated with an estimated 
cost of $1.88 billion for diagnosis and management of 
PID and its three major sequelae, chronic pelvic pain, 
ectopic pregnancy, and infertility. 1  Following a single 
episode of PID, the risks of tubal factor infertility and 
ectopic pregnancy, increase sixfold. The second episode 
increases these risks up to 17 times that of a woman 
who has never had PID. 2  In addition, chronic pelvic 
pain and tubo-ovarian abscess (TOA) are common se-
quelae of salpingitis. The burden of this disease falls 
disproportionately on younger women, with the preva-
lence of PID in sexually active adolescents estimated as 
one in eight as compared to a rate of one in eighty in 
the 25–29 age group. 3  

 ETIOLOGY 

 The cause of PID is almost invariably (99%) polymicro-
bial, resulting from the invasion of pathogens ascend-
ing from the mixed fl ora of the vagina and cervix into 
the upper genital tract. A number of organisms have 
been implicated in PID, and the rates of infection with 
the individual entities vary by community. The sexu-
ally transmitted infections  Chlamydia trachomatis  and 
 Neisseria gonorrhoeae  are commonly implicated in PID, 
and all women diagnosed with PID should be tested 
for these organisms. PID can also result from infection 
of the upper tract with endogenous vaginal fl ora such 
as anaerobes and aerobes ( Haemophilus infl uenzae,  
enteric gram-negative rods, and  Streptococcus agalac-
tiae ).  Mycobacterium tuberculosis,  cytomegalovirus, 
 M. hominis ,  U. urealyticum, and M. genitalium  have 
also been implicated. 2,4,5  Bacterial vaginosis (BV) is 

the most common infection of the lower genital tract 
in reproductive-age women, and the causal association 
between BV and upper genital tract infection remains 
controversial. 4  

 The majority of patients who develop PID become 
infected through sexual transmission; therefore, risk 
factors for PID are similar to those associated with 
STD acquisition These include early age at fi rst inter-
course, young age, increased number of sexual partners 
with frequent change in partners, amd frequent sexual 
 intercourse. 4  Inconsistent condom use has also been as-
sociated with upper genital tract infection. 6  The con-
nection between nonbarrier contraceptive use and PID 
has also been extensively examined. The use of com-
bined oral contraceptive pills may be associated with 
reduced clinical severity of PID. The use of an intra-
uterine device (IUD) confers an increased risk of PID at 
the time of device insertion and for 3 weeks following 
insertion, likely secondary to iatrogenic introduction 
of cervical or vaginal pathogens into the upper genital 
tract. 7  Following this initial period of increased risk, the 
risk of PID in IUD users appears to return to equal that 
of women who do not have an IUD in place. 8  These 
fi ndings have led to recommendations for STD screen-
ing and treatment in high-risk populations prior to IUD 
insertion. 4,8  

 Tobacco use and engaging in vaginal intercourse 
while menstruating have also been associated with 
increased risk of PID. Studies evaluating the relation-
ship between vaginal douching and PID have been 
inconclusive. 4  Additionally, organisms from the lower 
genital tract may be introduced into the upper genital 
tract following invasive gynecologic procedures such 
as endometrial biopsy, dilation and curettage, hyster-
oscopy, hysterosalpingography, and intrauterine in-
semination. Only a fraction of cases of PID result from 

Characteristics of Pelvic Infl ammatory Disease (PID) and Endometriosis Compared

PID Endometriosis

Defi nition Diffuse infl ammation of the upper genital tract 
 resulting from infection

Presence of ectopic endometrial tissue 
 located outside the uterus

Etiology Ascending infection from vaginal and cervical 
 fl ora

Retrograde menstruation, coelomic metaplasia, 
 hematologic or lymphatic spread

Clinical presentation Lower abdominal and/or pelvic pain, uterine, 
 adnexal or cervical motion tenderness

Dysmenorrhea, dyspareunia, dysuria, pain on 
 defecation, chronic pelvic pain, infertility

Clinical progression Stage 1 Endometritis
Stage 2 Salpingitis
Stage 3 Tubo-ovarian complex or tubo-ovarian 
 abscess (TOA)
Chronic disease

Stage 1 Minimal
Stage 2 Mild
Stage 3 Moderate
Stage 4 Severe

Treatment Broad-spectrum antibiotics, surgical drainage 
 of TOA

Analgesics, hormonal medical management, 
 surgical excision, oophorectomy

Sequelae Chronic pelvic pain, ectopic pregnancy, infertility Chronic cyclic pelvic pain, infertility

TABLE 11-1
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hematogenous or lymphatic spread or from a trans-
peritoneal source, such as a perforated appendix or 
intra- abdominal abscess. 9  

 PROGRESSION 

 PID is a progressive disease and its stages are deter-
mined by the upward migration of surface-invading 
bacteria from the cervix to the endometrium to the ovi-
ducts to the pelvic peritoneum. The initial spread of in-
fection past the cervical barrier results in endometritis, 
an intermediate stage of PID. 10  The endometrial cavity 
is a conduit by which microorganisms reach the fallo-
pian tubes. Varying degrees of salpingitis and ovarian 
and peritoneal involvement resulting from the spread of 
infection characterize later PID (Fig. 11-1). 10  

 The next stage of PID is characterized by acute sal-
pingitis in which the tube becomes infl amed and edem-
atous. Extension of the infl ammatory exudate from the 
salpinges may involve the broad ligaments (parametri-
tis) and the ovaries (oophoritis). Ovaries affected by 
past or current PID may be adherent to the uterus. They 
may be enlarged, usually because of acute oophoritis. 
If the purulent material formed in the tube drains from 
the fi mbriated opening and over the ovary (perioopho-
ritis), an abscess involving the tubes, the ovary, and 
adjacent bowel may form. This is referred to as a tubo-
ovarian abscess. 10  

 CLINICAL FINDINGS 

 The patient with pelvic infection is often a young, sex-
ually active woman with a wide range of nonspecifi c 
complaints. The clinical presentation ranges from mi-
nor complaints to acute, life-threatening illness. The 
most frequent symptoms are lower abdominal and 
pelvic pain. Adnexal tenderness, usually diffuse and 
bilateral, and constant dull pain, usually described 
as accentuated by movement or sexual activity, are 
also reported. Onset of symptoms may be rapid (as-
sociated more often with  N. gonorrhoeae ) or insidious 

 (associated more often with  C. trachomatis ). Physical 
examination may reveal cervical motion tenderness, 
uterine tenderness, adnexal tenderness, abdominal 
tenderness with or without guarding, and adnexal 
masses (Fig. 11-2). 10  

 The vague nature of presenting symptoms in pa-
tients with PID contributes to a high rate of misdiagno-
sis.  Given the severity and chronicity of the long-term 
sequelae of the disease, recent recommendations for 
the initiation of treatment based on relaxed clinical cri-
teria have been introduced. Diagnosis of PID is now 
recommended for a woman who presents with pelvic 
or lower abdominal pain and has fi ndings of cervical 
motion tenderness, uterine tenderness, or adnexal ten-
derness, whereas previous diagnostic criteria required 
all three physical fi ndings. 5  

 Other fi ndings that support but are not required 
for the diagnosis include oral temperature over 101°F 
(38.33°C), mucopurulent cervical discharge, increased 
white blood cells (WBCs) seen on microscopic evalu-
ation of vaginal discharge, elevated erythrocyte sedi-
mentation rate, elevated C-reactive protein, and  N. 
gonorrhea  or  C.  trachomatis  cervicitis. 5  However, most 

Spread of bacterial infection Spread of gonorrhea Spread through blood
via circulatory system

A B C

Figure 11-1 Pathway by which microorganisms spread in pelvic infections. A: Bacterial infection spreads up the vagina into the uterus and 
through the lymphatics. B: Gonorrhea spreads up the vagina into the uterus and then to the tubes and ovaries. C: Bacterial infection can reach 
the reproductive organs through the bloodstream (hematogenous spread).

Figure 11-2 The tenderness of acute salpingitis (infl ammation of 
the fallopian tubes) is usually maximal just above the inguinal liga-
ments. Rebound tenderness and rigidity may be present. On pelvic 
examination, motion of the uterus causes pain.
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 IMAGING FINDINGS 

 Sonography 
 Women with PID are most often young women of repro-
ductive age with many years of reproductive capacity 
ahead. This fact, and the understanding that the three ma-
jor sequelae of PID (chronic pelvic pain, ectopic pregnan-
cy, and infertility) have a signifi cant impact in the health 
and lives of these young women, make the timely diag-
nosis and treatment of PID a necessity. Ultrasonographic 
evaluation plays an important role in this process. Use of 
ultrasound for evaluation of PID has improved greatly with 
the advent of endovaginal imaging with Doppler capabil-
ity, which has enhanced the ability to image the fallopian 
tubes and to detect subtle changes in pelvic anatomy that 
are characteristic of the disease. 13,14  In addition, patients 
with acute pain may be unable to tolerate the full blad-
der that is required for optimal transabdominal scanning, 
making the endovaginal approach preferable. 13  

 The sonographic presentation of PID varies with the 
extent of the infection. Findings may be unremarkable or 
extremely subtle (as in the case of early, mild disease) or 
dramatic (as is seen in advanced disease). 43  Findings are 
also likely to be dynamic, changing rapidly over a short 
time in response to both progression of disease or treat-
ment. 13  This discussion considers the sonographic appear-
ance of the various stages of infection and their sequelae. 

 Acute Pelvic Infl ammatory Disease: Early and 
Intermediate Findings 

 Early sonographic fi ndings are often nonspecifi c and 
may not provide a defi nitive diagnosis of PID. However, 
a constellation of sonographic fi ndings, in conjunction 
with the aforementioned signs and symptoms of the 
disease, support the diagnosis. Early acute infection is 
concentrated within the endometrium with characteris-
tic uterine fi ndings. The uterus is mildly enlarged and 
exhibits indistinct margins (Fig. 11-4). 13  The myometrial 

specifi c for diagnosing PID are the fi ndings of endo-
metritis on endometrial biopsy, ultrasound, computed 
 tomography (CT), or magnetic resonance imaging 
(MRI): thickened, edematous fallopian tubes or TOA 
and laparoscopic examination consistent with PID. 5  
While the invasive techniques of endometrial biopsy 
and laparoscopic surgery are less often utilized for 
 diagnostic confi rmation of the disease, noninvasive 
imaging modalities and particularly ultrasound are 
more often employed in this clinical setting. Aside 
from laparoscopy, ultrasound has been described as 
the gold standard for the diagnosis of PID and TOA, 
with a 93% sensitivity and 98% specifi city in the diag-
nosis of TOA. 11  

 Some patients may present with pelvic and right- 
sided upper quadrant pain. Fitz-Hugh-Curtis syndrome 
is a constellation of clinical fi ndings that includes right-
sided pleuritic pain and right-sided upper quadrant pain 
and tenderness on palpation. Fitz-Hugh-Curtis syndrome 
is experienced by 5% to 10% of patients with PID and is 
caused by perihepatic infl ammation from peritonitis, as 
the infected fl uid tracks into the subhepatic space from 
the lower pelvic peritoneal compartments (Fig. 11-3). 12  
Often, ultrasound of these patients shows no defi nitive 
abnormality, whereas CT scan may exhibit thickening of 
the liver capsule. 12  

PATHOLOGY BOX 11-1

Laboratory Findings Associated with PID

Elevated WBC in blood or vaginal secretions
High erythrocyte sedimentation (ESR)
Elevated C-reactive protein
Positive gonorrhea and/or chlamydia
Positive bacterial vaginosis

Figure 11-3 Laparoscopic view of perihepatitis, showing scarring 
and stringlike perihepatic adhesions associated with both gonococ-
cal and chlamydial salpingitis seen with Fitz-Hugh-Curtis syndrome.

Figure 11-4 Sagital view of the uterus in a patient with early PID. 
The uterus is enlarged in the longitudinal plane. The borders of the 
uterus and surrounding tissues are indistinct. The myometrial endo-
metrial junction is poorly defi ned.
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found anterior to the normal uterus. 13  Affected ovaries 
may appear enlarged and are found adjacent to the 
uterus in their usual anatomic position. 11  

 Acute Pelvic Infl ammatory Disease: Advanced 
Findings of Tubo-ovarian Complex and 
Tubo-ovarian Abscess 

 Tubo-ovarian complex results from the escape of pu-
rulent exudate beyond the tube. The ovary itself may 
become involved secondary to bacterial infi ltration 
through the ruptured corpus luteum. 11  In the setting of 
tubo-ovarian complex, ovarian enlargement and adher-
ence to adnexal structures make the pelvic tissue planes 
ill defi ned. However, in contrast to TOA, tubo-ovarian 
complex refers to the affected ovary and tube that are 

endometrial junction also appears blurred and the endo-
metrium may be thickened and heterogeneous and con-
tain fl uid within the cavity. 15–17  Other early fi ndings are 
indistinct borders of the pelvic structures and posterior 
cul-de-sac fl uid. While some patients will not exhibit free 
fl uid, careful attention should be paid to the presence 
of any complex fl uid or fl uid with dependent low-level 
echogenicity, indicative of purulent accumulation. 13,17  

 The normal fallopian tube is not visualized using 
endovaginal ultrasound unless surrounded by an ab-
normally large amount of free fl uid in the pelvis, as 
is seen with ascites. However, in the setting of the 
acute salpingitis of PID, the anatomy of the tube is 
signifi cantly altered, allowing for distinct sonographic 
visualization. The acute infl ammatory process causes 
the tubal wall to grow thickened and edematous 
and therefore enhances visualization on ultrasound 
(Figs. 11-5 and 11-6). 13  The thickened endosalpingeal 
folds of the tubal mucosa narrow the tubal lumen and 
create a purulent exudate that fi lls and often occludes 
the tube. 14  Tubal occlusion resulting from purulent 
material and adhesion formation results in disten-
sion of the tube and formation of the pyosalpinx, a 
thick-walled ( � 5 mm) and elongated ovoid structure. 
Distortion of the fallopian tube leads to the appear-
ance of thickened but incomplete “septa,” which 
project from the tubal wall into the lumen but do not 
reach to the contralateral side of the dilated structure 
(Fig. 11-7). The affected tube exhibits the “cogwheel” 
sign when imaged in cross-section secondary to the 
thickened endosalpingeal folds that are characteristic 
of the disease. 13  Fluid within the pyosalpinx may be 
anechoic or hypoechoic, or they may exhibit a lay-
ered appearance. 17  Doppler fl ow to the thickened tubal 
walls and incomplete septa is enhanced with a hyper-
emic appearance. 13  The affected tube is more likely to 
be found within the posterior aspect of the pelvis in 
contrast to enlarged ovarian structures that are often 

Figure 11-5 Left adnexa seen in a patient with acute salpingitis. The 
ovoid structure with thickened walls adjacent to the ovary represents 
a dilated fallopian tube.

Figure 11-6 Cross-section of a “pus tube” shows thickening of the 
wall and a lumen swollen with pus seen in this case of gonorrhea of 
the fallopian tube.

Figure 11-7 Edematous adnexal structure consistent with a pyosal-
pinx. The fallopian tube has thickened walls and internal debris. The 
appearance of incomplete septations results from distortion of the 
dilated tube.
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treatment leads to healing, pelvic structures begin to 
regain their normal appearances. Color and power 
Doppler show increased fl ow in the thickened walled 
and incomplete septa of the affected tubal complex. 
TOAs are usually well perfused owing to increased vas-
cularization, and they demonstrate low resistive and 
pulsatility indices. 13  

 Chronic Pelvic Infl ammatory Disease 

 Chronic PID refers to both the sequelae of acute infec-
tion and the subacute recurrence of previous infl amma-
tion. In the case of the latter, chronic PID may develop 
from an incompletely treated prior infection. Clinically, 
patients with chronic PID present with fi ndings of hydro-
salpinx on ultrasound, and these fi ndings may develop 
even when initial imaging at the time of acute  disease 
was normal. 13  Hydrosalpinx develops when fl uid accu-
mulates within a scarred, obstructed fallopian tube. It 
appears as a sausage-shaped or ovoid anechoic adnexal 
structure with the incomplete septa seen in acute PID. 13  
However, unlike acute disease, the hydrosalpinx seen in 
chronic PID has distinct borders and thin walls ( � 5 mm), 
owing to long-standing enlargement and pressure of the 
edema on the walls of the damaged tube (Fig. 11-10). 13  
When seen in cross-section, the hydrosalpinx may exhib-
it the “beads on a string” sign in which 2-to-3–millimeter 
(mm) echogenic nodules line the wall of the tube. These 
nodules are the ultrasonographic  representation of the 
remnants of the thickened endosalpingeal folds seen as 
the “cogwheel” sign of acute disease. Hydrosalpinx may 
be diffi cult to differentiate from an ovarian cyst or small 
cystadenoma; however, unlike the septations typically 
seen in ovarian neoplasms, the septa seen within the hy-
drosalpinx do not extend the diameter of the edematous 
tube (Fig. 11-11). Like ovarian cysts, hydrosalpinges oc-
casionally undergo torsion. 

adherent to one another, but their individual architec-
ture is still identifi able on ultrasound (Fig. 11-8). 11,13,14,17  
A true TOA occurs once the ovarian parenchyma is af-
fected and the ovarian and tubal structures cannot be 
seen separately on ultrasound evaluation. TOA is often 
a bilateral process of varying size and echogenicity; 
however, TOA may also be unilateral. Bilateral TOAs 
may completely fi ll the pelvis, obscuring the uterine 
borders. TOA should be suspected when cystic adnexal 
masses with indistinct, thick walls, internal septations, 
or complex internal echoes are imaged (Fig. 11-9). The 
sonographic characteristics of these masses vary ac-
cording to the stage of abscess formation. TOA may 
appear as an indistinct, complex mass, whereas a re-
sorbing mass results in a more cystic appearance. As 

A B
Figure 11-9 Bilateral, complex adnexal masses in a patient with prior bilateral TOAs 1 year prior to presentation treated conservatively with 
intravenous (IV) antibiotics. The masses exhibit indistinct borders and internal echogenicity. Ovarian tissue is not distinctly visualized, a typical 
appearance of TOA.

Figure 11-8 Adnexal mass in a patient with a history of PID. The 
ovary and the adjacent abnormal tubal structure are adherent to one 
another; however, their individual architecture remains visible on ul-
trasound, consistent with tubo-ovarian complex.
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imaging modalities such as CT and MRI may play a 
role in making the diagnosis. CT is often employed in 
the diagnostic evaluation of female patients with dif-
fuse pelvic pain. Early infl ammatory changes seen in 
PID may be better visualized on CT than ultrasound. 
These early fi ndings include changes in pelvic fat, 
blurring of fascial planes within the pelvis, thickened 
uterosacral ligaments, fl uid within the enhanced en-
dometrial cavity, enhanced and thickened fallopian 
tubes, and enhanced and enlarged ovaries. 17  Later in 

 After treatment, serial ultrasonographic examinations 
demonstrate resolution of pelvic infection by document-
ing changes in the size and appearance of pelvic struc-
tures. If the disease does not respond to conservative 
therapy, the ultrasound examination provides valuable 
information on the size and location of abscesses for 
surgical drainage with or without sonographic guidance. 
With appropriate treatment, the end result may be a re-
turn to a completely normal pelvis or one that is scarred 
and functionally impaired.  Sonographic changes can ap-
pear rapidly following treatment, with the resolution of 
complex fl uid and infl ammation in surrounding tissues 
often seen within a few days of therapy. 13  

 CT and MRI 
 Although ultrasound is the standard diagnostic imaging 
technique in the evaluation of PID, other noninvasive 

A B
Figure 11-10 Sausage-shaped adnexal structures consistent with hydrosalpinges. Both masses are anechoic and thin walled, and they exhibit 
sharp borders with surrounding pelvic structures. Thin, incomplete septa are seen.

Figure 11-11 Thin incomplete septa seen in an adnexal mass con-
sistent with hydrosalpinx. In contrast to septations seen within an 
ovarian mass, the thin, linear septa does not span the entire diam-
eter of the mass. This appearance assists in distinguishing the mass 
as a hydrosalpinx.

PATHOLOGY BOX 11-2

Ultrasound Findings of Pelvic Infl ammatory 
Disease (PID)

Stage 1: Endometritis
 Nonspecifi c fi ndings, variable appearance
 Enlarged uterus with indistinct margins
  Thickened, heterogeneous endometrium � fl uid within 

 the cavity
 Cul-de-sac fl uid, anechoic or complex
Stage 2: Acute Salpingitis
 Thick-walled, edematous tubal structure (pyosalpinx)
  Hypoechoic or complex, incomplete septa, “cogwheel” 

 sign
 Enhanced Doppler fl ow to tubal structure
Stage 3: A. Acute Tubo-ovarian Complex
  Ovarian enlargement, adherence to other adnexal 

 structures
 Ill-defi ned tissue planes, ovary distinctly visualized
B. Acute Tubo-ovarian Abscess
  Indistinct, complex adnexal mass, thick walled, 

 internal septations
 Increased Doppler fl ow to adnexal mass
C. Chronic disease
  Thin-walled, edematous tubal structure (hydrosalpinx)
 Anechoic, incomplete septa, “beads on a string” sign
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clindamycin and gentamicin. These regimens represent 
a change in recommended therapy for  N. gonorrhoeae  
in response to increasing fl uoroquinolone resistance 
in various regions throughout the United States. 5  For 
patients who do not respond to parenteral antibiotic 
therapy, ultrasound-guided percutaneous drainage or 
surgical intervention for treatment of tubo-ovarian ab-
scess or removal of the affected tubes or ovaries may 
be indicated. 

 ENDOMETRIOSIS 
 Endometriosis is defi ned as heterotopic growth of the 
glands and stroma of the endometrium, the lining of the 
uterus that is shed monthly in menstruating women. 
This ectopic tissue adheres to and invades the peritone-
al surface 18  as it continues to respond to the hormonal 
infl uence of the ovulatory cycle. 19  Although the disease 
is usually regarded as a benign process, cellular activity 
and progression often lead to adhesion formation and 
interruption of normal reproduction. Chronic progres-
sion can produce a wide range of clinical consequences, 
including severe cyclic pelvic pain and infertility. Endo-
metriosis is a prevalent disease and is recognized as 
the third most common reason for gynecologic hospital 
admission in the United States. 19  

 ETIOLOGY 

 The etiology of endometriosis is uncertain, but sev-
eral theories have been advanced. The dissemination 
of endometrial tissue fragments throughout the pel-
vis because of retrograde menstruation is a common 
theory. Retrograde menstruation refers to the refl ux of 
sloughed endometrial cells through the fallopian tubes 
onto the serosal surfaces within the pelvis. Other theo-
ries postulate coelomic metaplasia or hematologic or 
lymphatic spread. Genetic factors are likely to play a 
role, considering the concordance of endometriosis in 
monozygotic twins. 19  Further complicating the under-
standing of the etiology of the disease are the fi ndings 
that retrograde menstruation occurs in 90% of women 
and that most women with recognized ectopic endo-
metriotic implants are asymptomatic. 19  The etiology of 
endometriosis is a well-studied but unsettled area of 
ongoing research. 

 Endometriosis and its symptoms are directly related 
to the cyclic hormonal stimulation and therefore is seen 
only in reproductive age women. Women who have un-
dergone bilateral oophorectomy experience prompt and 
complete regression of the ectopically located endo-
metrial tissue followed by relief of symptoms. Natural 
menopause also gradually brings relief of symptoms. 
Without the cyclic hormonal stimulation secreted from 
the ovarian tissue, intrapelvicf bleeding of ectopic en-
dometrial implants ceases and leads to a decrease in 
adhesion formation. 

disease progression on CT scan, TOA appears as a low-
attenuation multiloculated adnexal mass. 17  MRI may be 
superior to ultrasound for imaging of TOA, pyosalpinx, 
and enlarged ovaries as seen in PID. Despite the ben-
efi ts of CT and MRI, sonography remains the primary 
diagnostic imaging modality, because it is inexpensive, 
readily available, does not expose patients to ionizing 
radiation, and lends itself to serial scanning to follow 
treatment effi cacy (Fig. 11-12). 

 TREATMENT 

 In the setting of pelvic or abdominal pain in a sexually 
active woman with cervical motion tenderness, uterine 
tenderness, or adnexal tenderness, empiric antimicro-
bial therapy for PID is indicated in the absence of an-
other discernable etiology for the patient’s symptoms. 
Appropriate empiric therapy involves broad-spectrum 
antibiotics that treat  C. trachomatis,   N. gonorrhoeae,  
and anaerobes. Hospitalization is recommended for pa-
tients who are pregnant, those who cannot tolerate or 
have not improved clinically on oral antibiotic therapy, 
those who have high fever, or those in whom surgical 
emergencies such as appendicitis cannot be defi nitely 
ruled out. 5  First-line outpatient therapy includes a com-
bination of a third-generation, and doxycycline with or 
without metronidazole. Recommended parenteral ther-
apy combines cefotetan or cefoxitin and doxycycline, or 

A

B
Figure 11-12 A: Axial CT image through the pelvis demonstrating 
a TOA. B: MRI of TOA.
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and length of time the implant has been  active. The 
typically described blue or black lesion represents the 
bleeding endometriotic implant that has been discolored 
by hematologic pigment (Fig. 11-14). The infl ammatory 
response to this lesion leads to the destruction and de-
vascularization of the implants, resulting in fi brosis of 
the lesion and a whitish appearance. Red lesions are the 
most active lesions and are seen most commonly on the 
broad and uterosacral ligaments. More subtle lesions 
may appear white with opacifi cation of the peritoneal 
surface or thickened, raised lesions. Additionally, endo-
metriosis may be present microscopically without gross 
fi ndings on direct visualization. 18  

 Endometriosis can be diffuse or focal. The major-
ity of implants are located in the pelvis, and the most 
common locations are the ovary and the posterior 
cul-de-sac. 20  Focal implants that have developed into 
a cystic collection are referred to as endometriomas 
and are found in 17% to 44% of women with endo-
metriosis. 1  While the defi nite etiology of endometrio-
ma formation is unknown, it has been suggested that 
lesions form secondary to progressive invagination 
of the ovarian cortex in response to cycle bleeding 
of endometriotic implants on the ovarian surface. 20,21  
Endometrioma is the most common type of ovarian 
cyst found at surgery. 21  The term “chocolate cyst” is 
used to describe the characteristic appearance of en-
dometriomas, which are fi lled with old blood from 
repeated episodes of hormonally stimulated endome-
trial sloughing within the implant. Endometriomas 
commonly measure between 5 to 10 centimeters (cm), 
with cysts greater than 15 to 20 cm being extremely 
rare. 9,22  Between 30% and 50% of lesions are bilater-
al, 22,23  with larger lesions more likely to be bilateral. 25  
Other pelvic locations where endometrial implants 
are found include the anterior and posterior cul-de-
sac, the broad ligaments, the pelvic lymph nodes, the 
cervix, vagina, vulva, and the rectrosigmoid colon 
(Fig. 11-13). 9  

 Rarely, implantation occurs in areas of previous sur-
gical incision of the abdominal wall, the umbilicus, 
bladder, ureter, kidney, extremities, and lung. Pleural 
endometriosis has been documented. 9  Malignant trans-
formation of endometriosis is highly unusual, occurring 
most commonly in the ovary at a rate of 0.7% of all cas-
es of endometriosis, with clear cell and endometrioid 
carcinoma being the most common histologic types. 20,21  

 The color, shape, size, degree of infl ammation, and 
associated fi brosis of endometrial implants vary. The 
differences are associated with cyclic hormonal changes 
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Figure 11-13 Common sites of endometriosis.

Figure 11-14 Endometriosis. Implants of endometriosis on the 
ovary appear as red-blue nodules.
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management of advanced disease and in the determina-
tion and planning of appropriate surgical intervention. 25  

 As in all scanning protocols for gynecologic so-
nography, the ideal examination should include ex-
amination of the uterus and cervix, ovaries, pelvic 
vasculature, and bladder, all in at least two planes. 
The careful delineation of structures as well as view-
ing images in real time are particularly important 
when attempting to diagnose diffuse processes, which 
may produce subtle sonographic changes. Both trans-
abdominal and endovaginal ultrasound techniques 
are employed. 25  Particularly for the diagnosis of 
 endometriosis, some authors recommend imaging in 
the late secretory phase of the cycle when lesions may 
be most prominent. 25  Others suggest the use of bowel 
preparation prior to ultrasound, which may allow for 
improved visualization of lesions within the rectosig-
moid colon. 25  

 The sonographic fi ndings in endometriosis are vari-
able. 23  The uterus usually appears normal in size and 
echogenicity. Endometriotic lesions are located both 
on the peritoneal surface (endometriotic implants) and 
within the ovary (endometrioma). Lesions of the ovary 
are discussed in further detail below. Endometriotic 
implants vary in size, echogenicity, and location. Le-
sions may be a few millimeters to several centimeters 
in diameter. They vary from hypoechoic to hyperechoic 
in appearance and may be either cystic in the case of 
recent hemorrhage or nodular secondary to fi brosis. 23  
Peritoneal implants may be superfi cial ( � 5 mm of 
 invasion) or deep ( � 5 mm of invasion) and may be 
located throughout the pelvis. 26  Small nodules measur-
ing only a few millimeters are most commonly found 
in the rectovaginal septum and appear hypoechoic. 
In contrast, larger nodules measuring 1.5 to 2 cm are 

 CLINICAL FINDINGS 

 The American Society of Reproductive Medicine 
categorizes endometriosis according to extent of disease 
found at laparoscopy as minimal (stage I), mild (stage 
II), moderate (stage III), and severe (stage IV). How-
ever, this scoring system is based only on disease seen 
on direct visualization and correlates poorly with the 
severity of patient symptoms. 24  A minimal amount of 
tissue implantation may result in excruciating pain if 
it causes peritoneal stretching, whereas extensive en-
dometrial implants in less sensitive locations may cre-
ate no symptoms. As many as 22% of women in some 
populations may have no symptoms despite evidence of 
endometriosis. 24  

 Endometriosis presents with a variety of symptoms, 
including asymptomatic involuntary infertility, dys-
menorrhea, dyspareunia, dysuria, pain on defecation, 
and chronic pelvic pain with and without infertility. 24  
From 20% to 50% of infertile women and 40% to 50% 
of infertile women with chronic pelvic pain exhibit 
endometriosis. 24  

 Dysmenorrhea, or pelvic pain with menses, usually 
begins 24 to 48 hours before menstruation and lasts 
for several days, or pain may be chronic, worsening 
during menses. Descriptions of the pain range from 
a dull ache to severe unilateral or bilateral pain that 
may radiate to the lower back, legs, or groin. Patients 
also report “pelvic heaviness,” describing a feeling of 
swelling or congestion in the pelvic region. Dysmenor-
rhea associated with endometriosis is less responsive 
to nonsteroidal anti-infl ammatory drugs (NSAIDs) 
than cyclic pelvic pain in the absence of the disease. 24  
Women may complain of dyspareunia because of di-
rect pressure of implantation on the rectovaginal sep-
tum, uterosacral ligaments or in the cul-de-sac, or 
as a result of the immobilization of adherent struc-
tures. 24  Dysuria and pain on urination and defecation 
are seen when the bladder and rectosigmoid colon are 
 involved, respectively. 24  In rare cases, more extensive 
involvement of the small and large intestines may re-
sult in  obstruction. 24  

 Endometriosis is a chronic and progressive disease 
of the childbearing years. Although the degree of pel-
vic involvement may not necessarily advance with age, 
the depth of infi ltration, size of implants, and adhesion 
formation may progress with increasing duration of 
illness. This progression of disease may be associated 
with a worsening of symptoms and increasing need for 
therapeutic intervention. 

 IMAGING FINDINGS 

 Sonography 
 The goal of ultrasound in the management of endo-
metriosis is to add as much detail as possible to the 
clinical picture, including location and extent of dis-
ease. Ultrasound fi ndings are most useful in the clinical 
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 located most commonly in the bladder wall. Laminar 
or thin plaquelike lesions are seen within the recto-
vaginal septum, the broad ligaments, and the rectal 
wall as a hypoechoic thickening of the effected pelvic 
structure. 23  

 Focal ovarian endometriosis appears on  ultrasound 
examination as cystic structures termed endometrio-
mas. These structures result from invagination of the 
ovarian cortex in response to surface  endometriotic im-
plants and the resulting adhesion formation (Fig. 11-15). 
Repeated hemorrhage within the lesions results is the 
usual “chocolate cyst” appearance described at the 
time of surgical evacuation. On ultrasound, endo-
metriomas typically appear as discrete, thick-walled, 
spherical adnexal masses (Fig. 11-16). Most commonly 
(95% of the time), they exhibit uniform dispersion of 
low-level internal echoes or a homogeneous “ground 
glass” appearance, although  endometriomas may also 
appear anechoic or solid. 22,27,28  They are commonly 
unilocular; however, they may appear multilocular 
with thin or thick septations and may contain fl uid 

Deposits of hemorrhagic
endometrium

Follicle (graafian)

Figure 11-15 Hemorrhagic, cystic deposits of endometrium are 
visible in this ovary. Note the small follicle.

A B

C

Figure 11-16 A,B: Sagittal and transverse images of a large adnexal 
mass consistent with endometrioma. The mass is thick walled and 
has a unilocular, homogeneous or “ground glass” appearance typi-
cally seen in ovarian endometrioma. C: Transverse image of the pelvis 
demonstrating bilateral endometriomas.
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A B
Figure 11-17 Sagittal and transverse images of an ovarian endometrioma. Unlike the more commonly seen unilocular appearance, this mass 
is multilocular with multiple thin septations. The structure demonstrates the typical appearance seen with endometriomas.

Figure 11-18 Ovarian endometrioma with an atypical appearance. 
Instead, the adnexal mass may be mistaken for a hemorrhagic cyst 
with heterogeneous internal debris or a benign cystic teratoma with 
linear echogenicity. Persistence of the mass over multiple cycles 
 favors the diagnosis of endometrioma or benign cystic teratoma 
over a hemorrhagic process.

or debris (Fig. 11-17). 22  Some authors have reported 
small cystic structures with hyperechoic margins lo-
cated in the peripheral aspect of the endometrioma, 
as well as small echogenic foci within the wall of the 
cystic structure. 22,27,28  

 In the case of the endometrioma, sonographic fi ndings 
may be nonspecifi c. The echo pattern of the endome-
trioma may mimic that of the hemorrhagic cyst 28  and, 
less often, benign cystic teratoma or dermoid, both of 
which may appear as complex structures with variable 
degrees of solid components (Fig. 11-18). Endometrio-
mas may contain central calcifi cations frequently seen 
in dermoid lesions and these calcifi cations may be in-
dicative of older lesions. 27  Presence of a fl uid-fl uid level 
within the cyst will assist in the differentiation between 

endometrioma and dermoid. When a fl uid-fl uid level is 
present within the endometrioma, the dependent layer 
will be hyperechoic in appearance and represent blood. 
This is in contrast to the fi ndings within a dermoid cyst, 
in which the supernatant layer appears echogenic and 
represents the fatty component of the lesion. 27  

 Color Doppler typically demonstrates evidence of 
pericystic fl ow around and not within these masses, 
similar to that noted with a simple cyst (Fig. 11-19). 22  
The presence of Doppler fl ow within the mass should 
raise suspicion for the uncommon malignant trans-
formation of an endometriotic lesion. In the case of 
complex cystic structures with solid components and 
internal Doppler fl ow, surgical excision and histologic 
evaluation may be necessary to rule out malignancy. 23  
Decidualization of an endometrioma may occur in 
pregnancy, giving the appearance of internal vascular-
ity and solid elements that are diffi cult to differentiate 
from a malignancy. 29  

 Diagnosis of endometriosis is based primarily on 
clinical fi ndings with imaging studies providing sup-
porting or confi rmatory information that assist in 
treatment planning. Endovaginal ultrasound for the 
diagnosis and exclusion of peritoneal or ovarian endo-
metriosis is both sensitive and specifi c and should be 
considered fi rst-line imaging in patients in whom endo-
metriosis is suspected. 30  Endovaginal imaging is more 
cost-effective, more acceptable to patients, and more 
feasible than transrectal imaging, given that the latter 
may require general anesthesia and provides imaging of 
posterior lesions only. 25  

 CT and MRI 
 Endovaginal ultrasound is also more cost-effective 
and provides improved resolution of pelvic structures 
when compared to CT. When ultrasound fi ndings are 
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A B
Figure 11-19 When applied to ovarian endometrioma, color Doppler exhibits a pericyclic fl ow pattern. This is seen in both unilocular lesions 
and those with septations.

equivocal, MRI may be employed for further evaluation 
(Fig. 11-20). 23  

 TREATMENT 

 Treatment of the chronic symptoms of endometriosis 
may take several forms, including surgical excision of 
endometriotic implants and medical alteration in the 
hormones that stimulate implant growth. More conser-
vatively, the patient may be observed and her symp-
toms controlled with analgesics. Endometriosis is a 
chronic condition, and the main goal of therapeutic in-
tervention is to decrease pain and infertility symptoms 
and eliminate disease recurrence. 

 NSAIDs are commonly used for the pain of endome-
triosis, either in a continuous or cyclic fashion, although 
evidence of their effi cacy in treating the pain of endome-
triosis is inconclusive. 31  Despite this lack of evidence for 
their effi cacy, NSAIDs are often employed, most likely 
because they are not habit forming and have few danger-
ous side effects when taken properly. Narcotic analgesic 
options are used less frequently given the chronicity of 
the endometriosis disease process. When NSAIDs are 
used cyclically, around-the-clock administration should 
be initiated 24 to 48 hours before the onset of menses 
for maximum improvement in symptoms. 

 A number of hormonal medications have been em-
ployed in the treatment of endometriosis with varying 
levels of success. Medications are often started empiri-
cally without defi nitive diagnosis by diagnostic lapa-
roscopy. Oral contraceptive pills are used commonly to 
inhibit ovulation and treat the symptoms of endometrio-
sis, despite limited evidence for their effi cacy in relieving 
endometriosis symptoms. 32  Gonadotropin-releasing hor-
mone agonists and androgens are also used commonly 
in clinical practice; however, their use is limited by sig-
nifi cant side effects. Gonadotropin-releasing hormone 
agonists such as leuprolide acetate and nafarelin acetate 
produce a medical menopause, while androgens such 
as danazol cause weight gain, increased muscle mass, 
acne, deepening of voice, and altered libido. 33  Continu-
ous progestins, as well as antiprogestins, have shown 
promise in treating endometriosis symptoms and are 
more effective than cyclic progestins used in the luteal 
phase of the cycle. 34  The progestin-releasing intrauter-
ine device has been suggested as an alternative therapy 
for the treatment of endometriosis given the success of 
other continuous progestins; however, its effi cacy has 
not been proven and requires further investigation. 35  

 Alternative medications such as aromatase inhibitors, 
selective progesterone receptors modulators, and tumor 
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intervention. While the postoperative addition of medi-
cal therapies that inhibit ovulation may not improve pain 
symptoms or pregnancy rates in comparison with sur-
gery alone, hormonal regulation following surgery has 
been shown to decrease the risk of disease recurrence. 40  

 ADENOMYOSIS 
 DEFINITION 

 Adenomyosis is a uterine condition in which endome-
trial glands and stroma are located within the uterine 
myometrium proximal to the basalis layer of the endo-
metrium. 16,29,37  Endometrial glands and stroma are sur-
rounded by hypertrophic myometrial smooth muscle. 
The uterus is often asymmetrically affected with the 
posterior wall more commonly involved. 4,29  Adenomyo-
sis is generally considered a variant of endometriosis 
in that ectopic endometrial tissue grows within the 
myometrium. Possible etiologies include a defect in the 
basement membrane separating the myometrial and 
endometrial layers of the uterus and endometrial mi-
gration via vascular or lymphatic spread (Fig. 11-21). 4  

necrosis factor-alpha (TNF � ) inhibitors have shown prom-
ise in treating endometriosis in animal  models, as have 
medications that infl uence infl ammation, angiogenesis, 
and matrix metalloproteinase activity. Further studies in 
humans are needed to confi rm their effectiveness in treat-
ing the symptoms of endometriosis. 36  

 Laparoscopic surgery is the gold standard for the di-
agnosis of endometriosis and plays an important role in 
disease treatment as well. Surgical intervention that in-
volves laparoscopic excision of endometriotic implants 
in symptomatic patients with mild to moderate disease 
is likely to be more effective in relieving pain than diag-
nostic laparoscopy alone. 37  In patients with endometri-
oma, removal of the cystic structure including the cyst 
wall is associated with a decrease in dysmenorrhea, 
dyspareunia, pelvic pain, cyst recurrence, and need for 
future related surgery when compared to ablation of 
the mass alone. 38  For patients with severe symptoms 
in whom conservative surgical management and medi-
cal therapies have been exhausted, oophorectomy with 
or without uterine conservation may be considered for 
relief of symptoms. This results in  surgical menopause 
and subsequent regression of endometriosis and relief 
of symptoms. However, this intervention should be 
reserved only for refractory cases given the negative 
effects of oophorectomy on bone health, vaginal dry-
ness, and vasomotor symptoms. Hormone replacement 
therapy for women who have undergone oophorectomy 
as treatment for endometriosis is controversial as it may 
result in disease recurrence. 39  

 Treatment modalities that employ a combination of 
hormonal regulation and surgical intervention are com-
monplace in the management of endometriosis. Both 
preoperative and postoperative medical management has 
been used in attempts to improve surgical outcomes and 
delay or eliminate disease recurrence following surgical 

Figure 11-20 Bilateral endometriomas. A: T1-weighted image through pelvis demonstrates high signal intensity adnexal fl uid collections 
(arrows). Signal of collections did not suppress with fat-suppression techniques (not shown). Note debris in left adnexal lesion (arrowhead). 
B: Despite their cystic nature, both lesions demonstrate mild signal loss on T2-weighted image (shading). Note high signal follicles (arrows) 
draped around both lesions, confi rming their ovarian origin. Bilateral ovarian endometriomas found at surgery.

A B

Adenomyosis

Figure 11-21 Adenomyosis occurs when endometrial cells grow 
within the wall of the uterus. This may cause heavy and painful 
menstrual cycles.
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for adenomyosis and now plays an important role in the 
diagnosis of this disease. 41  

 Sonographic fi ndings for adenomyosis are nonspecif-
ic, including an enlarged uterus with normal contours 
and an intact endometrial lining. 43  Adenomyosis may 
result in an asymmetrically enlarged uterus with an ab-
normal appearance of the myometrium (Fig. 11-22). 41,47  
The abnormal echogenicity of the myometrium consists 
of a heterogeneous echotexture, areas of increased and 
decreased echogenicity, and anechoic regions or myo-
metrial cysts. 41,48,49  The hypoechoic areas correspond 
histologically to smooth muscle hyperplasia, whereas 
the heterogeneous appearance results from heterotopic 
endometrial tissue and surrounding hypoechoic smooth 
muscle. 41,48,49  Myometrial cysts represent dilated endo-
metrial glands or areas of hemorrhage and commonly 
measure less than 5 mm (Fig. 11-23). 49  

 Another hallmark of adenomyosis on ultrasound is 
poor visualization of the junction between the endo-
metrium and the myometrium. The interface appears 

 CLINICAL FINDINGS 

Frequently found in parous women in their 30s and 
40s, the common symptoms of Adenomyosis include 
abnormal bleeding, secondary dysmenorrhea, and an 
enlarged, tender uterus.  41,42  Because these symptoms 
are nonspecifi c, it is not surprising that this benign 
process is often misdiagnosed clinically; however, up 
to two-thirds of hysterectomies show adenomyosis. 43  
The cause of adenomyosis is not clear, but it is usu-
ally associated with multiparity, chronic endometriosis, 
and often endometriosis. This disease process has two 
forms, diffuse and nodular (or focal) and is most fre-
quently a diffuse process involving the entire uterine 
musculature. This results in relatively uniform uterine 
enlargement. Up to 80% of adenomyotic uteri are asso-
ciated with such conditions as leiomyomata, endome-
trial hyperplasia, peritoneal endometriosis, and uterine 
cancer. 43  The focal form of adenomyosis produces the 
adenomyoma, occurring as discrete nodules within the 
myometrium 45–47  or cervix. 

 IMAGING FINDINGS 

 Multiple imaging modalities help in the diagnosis of ad-
enomyosis. This includes not only sonography but the 
radiographic hysterosalpingogram and MRI. The sono-
graphic examination, performed with a high-frequency 
endovaginal transducer, has a sensitivity of 53% to 
89% and a specifi city of 68% to 86%, resulting in an 
accuracy between 78 and 88%. 43,46  The MRI has similar 
rates; however, sonography is often the fi rst exam per-
formed due to cost-effectiveness and patient comfort. 

 Sonography 
 Prior to the availability of endovaginal sonography, ul-
trasound was not a sensitive tool for use in the diagnosis 
of adenomyosis, and defi nitive diagnosis required sur-
gical removal of the uterus and histologic confi rmation. 
However, endovaginal ultrasound has improved both 
the sensitivity and specifi city of ultrasound evaluation 

Figure 11-22 This is a sagittal endovaginal image of the uterus. 
 Notice the irregular appearance of the endometrium and the 
posterior portion of the uterus. (Image courtesy of GE Medical, 
 Wauwatosa, WI.)

A B
Figure 11-23 A: This is a sagittal endovaginal image of the uterus. Notice the heterogenous appearance of the myometrium and the posterior 
portion of the uterus (arrow). B: The same uterus on a transverse plane demonstrates anechoic areas (arrow) within the fi rst two-thirds of the 
uterine wall. (Images courtesy of Philips Medical Systems, Bothell, WA.)
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blurred and results in a pseudowidening of the endo-
metrial measurement. 41,49  

 In contrast to the ultrasound appearance of uterine 
leiomyomata, the sonographic appearance of adenomy-
osis is marked by lack of a discrete mass seen within 
the myometrium. Endovaginal color and power Dop-
pler have also proven helpful in differentiating between 
these two conditions. In the case of adenomyosis, Dop-
pler fl ow is seen diffusely throughout the myometrium 

A

B
Figure 11-24 A: Diffuse adenomyosis. Sagittal T2-weighted image 
through uterus demonstrates thickened, indistinct junctional zone 
(arrows). B: Focal adenomyosis. Coronal fat-suppressed T2- weighted 
image through uterus shows focal thickening of junctional zone 
( arrows) containing small high signal foci (arrowhead). Note minimal 
distortion of endometrial stripe and serosal surface of uterus.

PATHOLOGY BOX 11-5

Sonographic Appearance of Adenomyosis
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• Myometrial cysts

whereas fl ow is seen in the periphery surrounding dis-
crete leiomyomata. 41,48  

 MRI 
 MRI imaging is also highly sensitive and specifi c for the 
diagnosis of adenomyosis. 49,50  Findings of adenomyosis 
are most notable on T2-weighed images in which the 
junctional zone representing the interface between the 
endometrium and myometrium is seen as a poorly de-
fi ned and enlarged area of low signal intensity. 51  This 
area corresponds to the smooth muscle hyperplasia seen 
in adenomyosis. Within this abnormal region of low 
signal intensity, bright foci are seen in approximately 
50% of patients and represent ectopic endometrial tis-
sue with cystic glandular dilation and areas of hemor-
rhage. 49,50  MRI and ultrasound may be used in concert 
in confi rming the diagnosis of adenomyosis, and MRI 
may be particularly important for cases in which endo-
vaginal ultrasound is equivocal (Fig. 11-24). 49  

 Radiography 
 Hysterosalpingogram (HSG) images spiculations and 
myometrial defects in the patient with adenomyosis. 
This method of imaging has a low accuracy rate be-
cause adneomyosis is diffi cult to differentiate from 

Figure 11-25 A,B: Hysterograms show direct signs of adenomyosis. 
The contrast medium has injected numerous diverticula.

A

B
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other processes such as vascular or lymphatic extrav-
asation. 52  Defi nitive diagnosis with this radiographic 
modality comes with the imaging of a connection be-
tween the endometrial cavity and the ectopic endome-
trial glands (Fig. 11-25). 52  Due to the low sensitivity and 
specifi city, coupled with patient discomfort, HSG is sel-
dom used for diagnosis of adenomyosis. 

 TREATMENT 

 Adenomyosis is generally treated surgically, and hyster-
ectomy with or without removal of the ovaries remains 
the mainstay of defi nitive therapy. Surgical interven-
tion such as endometrial ablation and uterine artery 
embolization and medical management with hormonal 
therapy (GnRH agonists, androgens, and oral contra-
ceptives) are less effective and often fail to adequately 
relieve patient symptoms. 43  

 SUMMARY 
 • PID is usually the result of sexually transmitted poly-

microbal infections. 

 • A rare complication of PID is the development of 
perihepatic infl ammation resulting in what is called 
the Fitz-Hugh-Curtis syndrome. 

 • PID staging correlates with the involvement of the 
female reproductive organs. 

 • Acute or early to intermediate PID localizes to the 
endometrium, resulting in loss of boundary detail on 
the sonographic image. 

 • Advanced PID results in salpingitis, tubo-ovarian com-
plex or TOA. 

 • With a TOA, ovarian and tubal structures cannot be 
separated on the sonographic image. 

 • Tubo-ovarian complex demonstrates enlarged ova-
ries, adhesions, and ill-defi ned planes; however, 
structures can still be identifi ed. 

 • Thin-walled hydrosalpinges are seen with chronic 
PID. 

 • Sonographic fi ndings of endometriosis vary and are 
often nonspecifi c. 

 • Endometriomas—large, blood-fi lled cysts on the 
 ovaries—image as smooth-walled structures with 
low-level internal echoes. 

 • Adenomyosis is the invasion of endometrial glands 
and stroma into the myometrium while endometrio-
sis is the abnormal seeding of endometrial tissue out-
side of the uterus. 

  1. A patient presents to the imaging department for a 
sonographic examination of her pelvis. She com-
plains of generalized cyclic pelvic pain with a focal 
area on the right side. Her last menstrual period was 
3 weeks ago and she is G2P1. Though she wishes 
to become pregnant, she has been unsuccessful for 
the last year. During the exam a mass imaged on the 
right side (Fig. 11-26). Color Doppler demonstrated 
pericytic fl ow. List differentials for this fi nding based 
on the patient symptoms. What other  possible benign 
differentials might apply? Hint: Refer to Chapter 8. 

Critical Thinking Questions
  ANSWER : This is most likely an endometrioma of 
the right ovary; however, other differentials include 
a hemorrhagic cyst, ovarian torsion, teratoma, 
mucinous or serous cystadenoma, or a fi broma. 
( Sonographic image courtesy of GE Healthcare, 
 Wauwatosa, WI.) 

  2. The patient is a 41-year-old female G0 who pres-
ents to the emergency room with 4 days of lower 
abdominal pain, nausea, vomiting, and diarrhea. 
She denies vaginal discharge, vaginal bleeding, 
fever, and chills. She has not been sexually ac-
tive for 4 years and denies a history of sexually 
transmitted disease. Laboratory evaluation reveals 
leukocytosis with WBC 14.2. Hemoglobin, hema-
tocrit, platelets, and electrolytes are within normal 
limits. Gonorrhea and chlamydia cultures are 
negative. 

 Transvaginal pelvic ultrasound is performed and reveals bi-
lateral adnexal masses corresponding to the physical exam 
fi ndings. Internal septations and Doppler fl ow are not seen 
within the masses bilaterally. Normal ovarian tissue is not 
seen distinct from the adnexal masses as described 
(Fig. 11-27). 

 (A) Given the clinical presentation and ultrasound 
fi ndings, list differentials for these fi ndings. (B) 
Examine image A and B. Explain the reason for 
the differing sector size and image brightness. Figure 11-26
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  ANSWER : 
 (A) The differential diagnosis includes ovarian 

neoplasm, such as hemorrhagic cyst, benign cystic 
teratoma, or serous cystadenoma versus bilat-
eral TOA. The pathology report reveals bilateral 
ovary and fallopian tubes with acute and chronic 
infl ammation and bilateral fallopian tubes with 
muscular wall hypertrophy. 

 (B) In image A the decrease in sector size results in 
increased line density, thus increasing image detail. 
This image was obtained transabdominally, while 
B is an endovaginal image. The overall gain has a 
higher setting on image A, which can be seen by the 
setting indicator located in the upper right of the im-
age. The abdominal image uses a gain (GN) setting of 
5, while the endovaginal  image has a -3 gain setting. 

Figure 11-27
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refers to the 4- to 5-day interval ending on the day after 
ovulation 

 Fertility Capacity to produce offspring 

 Follicular phase First half of the ovarian cycle 
 characterized by high levels of circulating 
 follicle-stimulating hormone (FSH), which result 
in ovarian follicle maturation 

 Gamete intrafallopian transfer (GIFT) Placement 
of the sperm and ova (i.e., gametes) directly in the 
ampullary portion of the fallopian tube, for in vivo 
fertilization 

 Human chorionic gonadotropin (hCG) Hormone 
 produced by the trophoblastic cells of the normal 
 developing placenta or by abnormal germ cell tumors, 
molar pregnancies, and choriocarcinoma 

 Intrauterine contraceptive device (IUD or 
IUCD) Products inserted into the uterine cavity as a 
birth control mechanism to prevent pregnancy 

 In vitro fertilization (IVF) Formation of a zygote from 
extracted ova and sperm in a laboratory setting 

 In vivo fertilization Process whereby ova and sperm 
come into contact within the body and fuse to form a 
zygote 

 OBJECTIVES 

 Summarize the role of sonography in the diagnosis and treatment of infertility 

 Describe the process of conception as it occurs both naturally and with assisted 
reproductive technologies (ART) 

 Explain the role of sonography in the many and varied routes to assisted reproduction 

 Discuss the role of sonography in the three areas of reversible contraception, 
irreversible contraception, and elective abortion 

 KEY TERMS 

assisted reproductive technologies | infertility | in vitro fertilization | intrauterine 
insemination | conception | contraception | saline-infusion sonohysterography | 
hysterosalpingiography | male factor infertility | ovarian hyperstimulation | multifetal 
reduction | embryo transfer

  12  Assisted  Reproductive 
 Technologies (ART), 
 Contraception, and Elective 
 Abortion 
 Catheeja Ismail and Molina Dayal 

 GLOSSARY 

 Assisted reproductive technologies (ART) Clinical 
treatments and laboratory procedures used to establish 
a pregnancy 

 Blastocyst transfer Transfer of embryo 5 to 6 days 
after fertilization.  

 Cleavage-stage transfer Transfer of embryo 2 to 
3 days after fertilization. 

 Clomiphene citrate Most commonly prescribed 
fertility medication used for ovulation induction of a 
single follicle or superovulation of multiple follicles 

 Controlled ovarian hyperstimulation (COH) Process 
that stimulates multiple follicle development using 
clomiphene citrate or gonadotropins 

 Cryopreservation Process, usually using liquid 
nitrogen, to freeze embryos or gametes 

 Embryo transfer (ET) In vitro fertilized embryo 
transfer into the uterine cavity at the cleavage (2 to 
3 days after fertilization) or blastocyst (5 to 6 days 
after fertilization) stage 

 Estradiol Primary sex hormone produced by ovarian 
follicles in women of childbearing age 

 Fertile window Period during which the viability and 
survivability of both oocytes and sperm are maximum; 
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 PART I. CONCEPTION: THE ROLE OF SONOGRAPHY IN ASSISTED REPRODUCTIVE 
TECHNOLOGIES (ART) 

will cover the role of sonography in assisted reproduc-
tive technologies (ART) that aid couples in achieving 
pregnancy. Part II is shorter and will cover the role of 
sonography in contraception and elective abortion. In 
closing, two case studies will help readers assess their 
application of the material presented in this chapter. 

 Ovulation induction Development of a single follicle 
with administration of fertility medications that, upon 
reaching optimal size, requires administration of hCG 
for ovulation 

 Ovarian reserve Estimation of the quantity and quality 
of a woman’s remaining follicles 

 Periovulatory period Portion of the cycle spanning the 
follicular and the luteal phases of the ovarian cycle 

 Proliferative phase Overlaps the menstrual phase and 
extends through midcycle 

 Theca lutein cysts Enlarged ovaries with multiple cysts 
due to abnormally high levels of hCG 

 Secretory phase Characterized by an increase in circu-
lating progesterone and endometrial tissue increase and 
thickening 

 Subfertility Condition of being less than normally 
 fertile though still capable of achieving fertilization 

 Infertility Failure to achieve a successful  pregnancy 
after 12 months or more of regular unprotected 
 intercourse  

 Intracytoplasmic sperm injection (ICSI) Injection of a 
single sperm into an ovum 

 Intrauterine insemination (IUI, aka artifi cial 
 insemination) Placement of seminal fl uid free sperm 
through the cervix directly into the uterine cavity 

 Luteal phase Second half of the ovarian cycle, when 
the corpus luteum secretes high levels of progesterone, 
which acts on the endometrium 

 Menstrual phase First 5 days of the menstrual cycle, 
characterized by endometrial shedding 

 Microinsert Coil introduction into the fallopian tube, 
resulting in tissue growth and obliteration of the 
 fallopian tube lumen 

 Ovarian hyperstimulation syndrome (OHSS) Exces-
sive response to ovulation induction therapy 

  Sonography plays a key role in interventions designed 
to assist infertile couples in successfully achieving preg-
nancy and a somewhat small role in interventions de-
signed to assist women in controlling pregnancy. This 
chapter will cover the role of sonography in these two 
areas. Part I comprises the bulk of this chapter, and 

 PATHOLOGY BOX 12-1 

 Causes of Infertility in Couples 

 Tubal and pelvic pathology 35% 
 Male problems 35% 
 Ovulatory dysfunction 15% 
 Unexplained infertility 10% 
 Unusual problems 5% 
 (Modifi ed from Speroff, Leon and Fritz, Marc A.,  Clinical 
Gynecologic Endocrinology and Infertility , 7 ed.  Philadelphia: 
Lippincott Williams & Wilkins; 2005.) 

 This section will fi rst provide an overview of the 
 diagnosis and treatment of infertility. Second, it will 
describe the anatomy, physiology, pathology, and sono-
graphic assessment of the reproductive system as it per-
tains to infertility. Third, it will explain the many and 
varied routes to assisted reproduction, with an empha-
sis on those treatment options that utilize  sonography. 

 OVERVIEW OF THE DIAGNOSIS 
AND TREATMENT OF INFERTILITY 

 The diagnosis of infertility occurs when a couple fails 
to conceive naturally despite 1 year of unprotected 
intercourse. The incidence of infertility has remained 
unchanged over the past three decades. 1  One in fi ve 
couples in the United States consults with a physician 
about diffi culty conceiving, and half of these couples re-
quire specialist care. 2  Etiologies of infertility are divided 
into 40% due to the female partner, 40% due to the 
male, 5% to 10% related to both partners, and 5% to 
10% idiopathic. 3  In couples, the etiologies of infertility 
are tubal and pelvic pathology (35%), male problems 
(35%), ovulatory dysfunction (15%), unexplained in-
fertility (10%), and unusual problems (5%). 1,3,4  Sexually 
transmitted disease and the delay of childbearing, among 

other factors, contribute to infertility. Individuals with a 
variety of etiologies of infertility may in fact achieve preg-
nancy if their particular etiology can be overcome through 
treatment options available with the use of ART. Some 
have referred to these couples as subfertile, 5,6  as they are 
indeed able to conceive with assistance. In keeping with 
the more prevalently used language, however, the current 
authors use the term “infertile” in this chapter. 

 Sonography is helpful in the diagnosis of infertility. 
In women, sonography helps diagnose structural 
 anomalies and pathologies of the uterus, tubes, and 
ovaries that contribute to the female factors of  infertility 
(Fig. 12-1)(Table 12-1). In men, sonography may be of 
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 Figure 12-1. Schematic diagram of the female reproductive system illustrating etiologies of infertility that may be overcome through ARTs. 
The female factors of infertility include hormonal defi ciencies that affect the hypothalamus-pituitary-ovary route; tubal diseases that interfere 
with passage of gametes or conceptus; ovarian diseases that impact on the number or quality of viable ova or their release at mid-cycle; struc-
tural abnormalities that interfere with the passage of sperm, ova, or conceptus; endometrial or myometrial abnormalities that interfere with 
implantation or fetal development; and abnormalities of the chemical environment that adversely affect sperm viability. 

Endometritis
(e.g., tuberculosis)

Endometriosis

Polycystic ovary
(Stein-Leventhal
syndrome)

Pelvic inflammatory disease
(e.g., hydrosalpinx, fimbrial damage)

Hypothalamus-
pituitary hormones

(via ovarian secretion)

Gonadotropin deficiency,
hyperprolactinemia

Premature menopause

Endometrial adhesions

Chronic cervicitis with
abnormal mucus secretion

Anti-sperm antibodies?

  TABLE 12-1 

 Anatomic Causes of Female Infertility 

 Location Pathology Etiology Sonographic Findings 

 Uterus 

  Subserosal, intramural, Unknown Varies: hyperechoic/hypoechoic with 
  submucosal myoma   shadowing
  Septate uterus Congenital anomaly Septum visualized with 3D sonography 
  Endometrial polyp Unknown Hyperechoic lesion indenting into
    endometrial cavity 
  Asherman’s disease, uterine Unknown; almost always Absence or discontinuation of endometrial 
  scarring  follows pregnancy loss  stripe 

 Tubes 

  Hydrosalpinx. Blocked or Infection, prior surgery Varies: tube-shaped adnexal structure that 
  scarred tubes   is sonolucent or has mixed echogenicity 
  Adhesions. Scarring around Infection, prior surgery Varies: fi xed, echogenic fl uid areas 
  tubes/ovaries   surrounding ovary, tubes 

 Ovary 

  Endometriosis: ectopic Unknown Low-level internal echoes 
  endometrial tissue
  PCOS: Ovarian hyperandrogenism Unknown Cysts arranged like a string of pearls  
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engaging in sexual intercourse will conceive in any 
month when not using contraception. 7  In an ideal 
world conception occurs naturally as a result of mul-
tiple coordinated events (Fig. 12-2). For this to happen, 
adequate, viable, motile sperm must be deposited into 
the vagina at the appropriate moment in the mid-cycle 
fertile window when the cervical mucus is slippery and 
clear, permitting sperm passage through the cervix and 
into the uterus. The sperm must then travel the entire 
length of the uterine cavity, enter the fallopian tube, 
and continue far into the mid (ampullary) portion of 
the fallopian tube. Meanwhile, the ovum (egg) must be 
released out of a follicle in the ovary and swept from 
the surface of the ovary into the fi mbriated end of the 
fallopian tube and it then must travel to its ampul-
lary portion. Fertilization of one ovum by one sperm 
must occur in the ampullary portion of the fallopian 
tube. The resulting zygote must then divide into one 
blastocyst which must travel down the entire length of 
the fallopian tube and arrive in the uterine cavity 4 to 
5 days after fertilization. In addition, the endometrium 
must be ready to support and nurture an implanting 
blastocyst. The implantation must trigger the endo-
metrium to undergo trophoblastic changes that will 
initiate the development of one chorionic sac and one 
amniotic sac. One single fetus must develop within the 
amniotic sac. The fetus must develop a beating heart 
and continue to develop into a viable fetus, to result in 
a healthy singleton full-term neonate. If all these events 
occur, a woman will have conceived and reproduced 
in a natural and ideal way. Counseling is the fi rst step 
when couples present to an infertility specialist seek-
ing help, to ensure that all these processes do occur. 
With such counseling, they may still achieve pregnancy 
naturally.8 

   If one or more of these processes fail, the couple 
may be unable to conceive children through an entirely 
natural process. However, in light of medical advances, 
this does not preclude the possibility of this couple hav-
ing children. There are many ART treatment options 
available. To understand the role of these advances in 
the diagnosis and treatment of infertility, it is helpful 
to review some basic concepts in anatomy, physiology, 
and pathology as they pertain to infertility and assisted 
reproduction. 

 Ovarian/Menstrual Cycles 
 The ovarian cycle and the menstrual cycle are pre-
sented together (Fig. 12-3) in this section because they 
help explain the diagnosis and treatment of infertility 
and they are best understood as two interrelated cycles 
working together. The prototypical ovarian/menstru-
al cycles last 28 days, beginning on the fi rst day of a 
woman’s menses and extending to the fi rst day of her 
next menses. During a normal cycle, the ovary and en-
dometrium undergo changes in response to a milieu of 
hormones secreted by the hypothalamus, anterior pitu-
itary, and ovary. 

help in diagnosing scrotal pathology that contributes to 
male factors of infertility. This section describes these 
sonographic assessments. 

   Sonography plays a variety of roles valuable in the 
treatment of infertility. The most central role is the 
monitoring of follicular growth for women undergo-
ing controlled ovarian hyperstimulation (COH). In this 
treatment protocol, administration of fertility medi-
cation (either FSH injection or clomiphene citrate) is 
coupled with a schedule of endovaginal sonograms and 
serum hormone levels to monitor ovarian response. 
Medication dosages change according to the fi ndings 
of the sonograms and hormone levels. In this way, the 
clinician can control the stimulation of the ovaries to 
achieve optimal size and timing of follicular growth. 
Following COH, many routes to reproduction are avail-
able to infertile couples. COH is coupled with timed 
intercourse, intrauterine insemination (IUI), or in vitro 
fertilization (IVF). Sonography also plays a role in the 
guidance of a needle to retrieve oocytes from mature 
follicles. In many centers, sonography provides guid-
ance for transferring the embryos into the woman’s 
uterus. Furthermore, sonography plays a continuing 
role in the assessment of treatment complications (e.g., 
ovarian hyperstimulation syndrome [OHSS] or multiple 
gestations), in assessing the early gestation for its vi-
ability, and the ongoing  gestation for its development 
until full-term delivery. 

 In summary, sonography is valuable in the diagno-
sis and treatment of infertility. Sonography helps in the 
diagnosis of anatomic abnormalities or disease in the 
female or the male partner that hinder fertilization or 
implantation. Sonography aids in monitoring fertility 
treatment, retrieving oocytes from the ovaries, transfer-
ring embryos into the uterus, and in documenting the 
location, viability, and subsequent development of the 
pregnancy. Part I of this chapter covers the diagnosis 
and treatment of infertility through a varied array of 
ART, emphasizing those procedures and protocols in 
which sonography plays a role. 

 DIAGNOSIS OF INFERTILITY 

 This section will introduce sonographers to the anato-
my, physiology, pathology, and scan techniques perti-
nent to the sonographic diagnosis of infertility. It will 
fi rst cover conception as it occurs naturally; second, 
it will give an overview of the ovarian and menstrual 
cycles; third, it will discuss the sonographic assessment 
of the ovary; fourth, it will discuss the sonographic as-
sessment of the uterus; and fi fth, it will make a brief 
comment on the role of sonography in diagnosing male 
infertility. 

 Conception as It Occurs Naturally 
 The process of conception is so intricate it is a won-
der of nature that a woman does successfully conceive 
in any given menstrual cycle. Only 20% of couples 
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the next menstrual cycle (i.e., day 14 of a 28-day cycle). 
This begins the second half of the ovarian cycle, the lu-
teal phase. The remnants of the ruptured follicle now 
become the corpus luteum, which secretes the hormone 
progesterone into circulating blood. If fertilization does 
occur during this cycle, the corpus luteum remains active 
as the corpus luteum of pregnancy. If fertilization does 
not occur during this cycle, the corpus luteum begins to 
degenerate about 8 to 10 days after ovulation. 

   Paralleling the ovarian cycle is the menstrual cy-
cle occurring in the endometrial lining of the uterus 
(Figs. 12-3 and 12-5). The cycle begins with the shed-
ding of the old endometrium from the previous cycle. 
This is the menstrual phase of the menstrual cycle. 
Sonographically, the endometrium is thinnest during 
the menstrual phase (Fig. 12-5d). As the old endome-
trium sheds, estradiol produced by the growing ovarian 
follicles and secreted into the bloodstream causes the 
proliferation of a new endometrium. This is the pro-
liferative phase of the endometrial cycle. During this 
phase, the endometrium has a triple layer, or trilaminar, 
sonographic appearance (Fig. 12-5c). During the peri-
ovulatory period, the endometrium exhibits a variety 
of sonographic appearances spanning across those of 
the proliferative and the secretory phases. After ovu-
lation, progesterone (secreted by the corpus luteum 

   Gonadotropin-releasing hormone (GnRH) from the 
hypothalamus initiates the cycles. GnRH acts on the 
anterior pituitary gland, causing it to release follicle-
stimulating hormone (FSH) into circulating blood. This 
hormone, which is a gonadotropin, acts on the ovary. Re-
sponding to increasing levels of FSH, a cohort of primary 
follicles in the ovary begins to grow and mature. The fol-
licles that begin to grow during one cycle continue their 
growth for several months. 9  A fl uid-fi lled cavity called 
the antrum forms within each of a select few primary fol-
licles, and after about 6 months of growth they become 
sonographically visible as antral follicles during the fi rst 
half of the ovarian cycle, the follicular phase. As antral 
follicles mature, the developing ovum within each follicle 
is pushed to one side, into a complex called the cumulus 
oophorus. In a natural cycle, one of these antral follicles 
matures into a dominant, or Graafi an, follicle. Granulosa 
cells of the growing ovarian follicles (Fig. 12-4) produce 
the hormone estradiol. The fi rst half of the ovarian cycle 
is the follicular phase, and the second half is the luteal 
phase. Just before midcycle, there is a sharp increase 
in the levels of the gonadotropins luteinizing hormone 
(LH) and FSH in the blood. Within 12 to 36 hours 10  of 
the surge in LH, the dominant follicle ruptures and the 
ovum bursts out of the ovary. This is ovulation. Ovula-
tion occurs approximately 14 days before the onset of 

 Figure 12-2. This schematic of the female reproductive system illustrates the wonder of nature in the process of conception. Conception 
occurs as a result of multiple coordinated events illustrated here. Arrows show the pathway of the sperm and ovum, fertilization of the ovum, 
and implantation of the blastocyst. 
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 Figure 12-3. A: The anterior pituitary releases FSH and LH into circulating blood. These hormones act on ovarian tissue. FSH stimulates ovar-
ian follicles to grow. A sharp spike in LH precipitates ovulation. During the follicular phase of the ovarian cycle, the developing follicles of the 
ovary release estrogen (estradiol). During the luteal phase of the ovarian cycle, the corpus luteum of the ovary releases progesterone into the 
blood. Estrogen and progesterone act on the endometrial tissue lining the uterus. The endometrium has distinctive appearances depending 
on the time within the cycle. The thin menstrual endometrium (D) appears echogenic, while the proliferative endometrium (C) has a trilaminar 
appearance. A thick, hyperechoic endometrium (B) indicates the secretory phase of the menstrual cycle.  
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into circulating blood) rises. Rising progesterone levels 
cause the endometrial cycle to enter its secretory phase 
(Fig. 12-5b), during which spiral arteries enlarge, glan-
dular cells store an increasing amount of glycogen, 
and the endometrium grows to its greatest thickness 
in preparation for the possible implantation of a blas-
tocyst. Sonographically, the endometrium is thick, 
homogeneous, and a double hyperechoic layer in this 
phase. In the sonogram, a thin line refl ecting the uter-
ine cavity separates the two layers. If fertilization does 
not occur, estradiol and progesterone levels drop and 

the endometrial tissue degenerates and is shed from the 
body as the menstrual fl ow. Although the menstrual 
fl ow is the end of this process, the fi rst day of menses 
designates the fi rst day of the menstrual cycle. 

   In summary, in the fi rst few days of the ovarian/
menstrual cycles, follicles that began to develop dur-
ing a previous cycle continue to mature into antral 
follicles, and endometrial tissue that grew during the 
previous cycle sheds from the uterus. Following this, 
a single Graafi an follicle emerges as the dominant fol-
licle in the ovary and secretes estradiol. Under the 
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 Figure 12-4. Schematic diagram of an ovary showing the sequence of events in the origin, growth, and rupture of an ovarian follicle and the 
formation and retrogression of a corpus luteum. The atretic follicles are those that show signs of degeneration and death. 

infl uence of estradiol levels, the endometrium prolifer-
ates. At midcycle, a sharp rise in the level of LH trig-
gers ovulation. In the second half of the cycle, high 
levels of progesterone secreted by the ovarian corpus 
luteum cause the endometrium to enter its secretory 
phase in anticipation of pregnancy. If no fertilization 
occurs, this endometrial lining sheds as a new cycle 
begins. Sonographically, the endometrium is thin in 
the menstrual phase, triple-layered and thickened 
during the proliferative phase, and double-layered, 
homogeneous, hyperechoic, and thickest during the 
secretory phase. 

 Sonographic Assessment of the Ovary 
 Ovaries are well visualized by routine endovaginal 
sonography (Figs. 12-6 and 12-7). In the evaluation of a 
patient for infertility, scanning helps assess the appear-
ance and volume of the ovaries. 

   To perform an endovaginal scan of the ovaries, the 
sonographer fi rst locates the uterus for reference and 
then sweeps out sagittally to the left and then the right 
adnexa, moving out laterally toward the hypogastric 

vessels to locate each ovary. In a screening sonogram, 
carefully assess each ovary and the adjacent regions 
sagittally and coronally. Document the sagittal, ante-
rio-posterior (AP), and coronal measurements of each 
ovary, noting any cystic or solid lesions. 

 Varieties of tools help predict ovulation. In routine 
clinical practice, two-dimensional (2D) sonography 
aids in serial measurement of follicular size and growth 
to predict the timing of ovulation. In research-related 
practice, however, spectral and color Doppler increase 
the understanding of perifollicular and stromal fl ow 11  
and their impact on ovulation. 5  Along with sonography, 
indirect tests including measurements of basal body 
temperature and blood hormone levels (serum LH and 
progesterone levels) help assess changes occurring in 
related structures around ovulation. Performance of 
an endometrial biopsy allows indirect assessment of 
 ovulation. 

 Ovarian follicles destined to ovulate derive from a 
cohort of growing follicles, themselves derived from the 
pool of primordial follicles present since birth. Three 
types of follicles at different stages of development are 
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primordial, early-growing, and antral follicles. 9  Within 
5 days of a natural unstimulated cycle, as the liquor 
folliculi increases, small antral follicles are sonographi-
cally visible as anechoic structures within the ovarian 
cortex. Antral follicles differ from the rest of the cohort 

in terms of their greater size and rate of growth. In 
the natural cycle, follicles that go on to become atretic 
rarely grow larger than 10 millimeters (mm), and so 
visualization of a large follicle (Fig. 12-7) suggests that 
it is likely to be the dominant follicle that will ovulate. 

 Figure 12-5.  A:  During the menstrual phase, the endometrium is at its thinnest as it degenerates and is shed from the body.  B:  Proliferative phase 
trilaminar endometrium (note retroverted uterus in this particular patient). During the proliferative phase, the endometrium has a triple layer, or tri-
laminar, appearance. As it transitions from the pre- to the postovulatory period, the endometrium may exhibit a variety of appearances.  C:  Secre-
tory phase hyperechoic endometrium. After ovulation the endometrial tissue enters into its secretory phase, during which time the endometrium 
grows to its greatest thickness in preparation for the possible implantation of a pregnancy. (Images courtesy Washington Radiology Associates.) 



 12 — Assisted Reproductive Technologies (ART), Contraception, and Elective Abortion 285

have a greater chance of poor ovarian response. 6  The 
observation of a BAFC of 10 or fewer follicles is associ-
ated with an increased risk of cycle cancellation. 14  

 Ovarian reserve predicts the responsiveness of ova-
ries to fertility drugs and the likelihood of success with 
fertility treatment. In theory, an accurate measure of 
quantitative ovarian reserve would entail counting the 
number of follicles present in the ovaries from an ovar-
ian specimen, only possible after surgical removal of 
the ovaries. 15  Usually, measurement of ovarian reserve 
is not through such drastic procedures. Rather, ovarian 
reserve assessment is made through measurement of 
serum FSH and estradiol levels in the early follicular 
(day 3 of the ovarian cycle) period. In addition, sonog-
raphy may also help predict ovarian reserve (Fig. 12-8) 
by providing an ovarian volume and estimated BAFC. 

   Broekmans et al. 9  proposed a scanning protocol by 
which to determine BAFC. The sonographer counts all 
identifi able antral follicles of 2 to 10 mm (Fig. 12-9) 
in both the left and the right ovary, using a high fre-
quency (minimum 7 megahertz [MHz]) endovaginal 
transducer to systematically sweep through each ovary 
and locate the largest plane for measuring each follicle. 
The sonographer then adds the two obtained counts. 
In addition, the sonographer counts any anechoic 
structures measuring 10 mm or more and subtracts this 
value from the total count. This yields the BAFC. For 
consistency, Broekmans suggests that BAFC should be 
measured between days 2 and 4 of onset of spontane-
ous menses. 2,9  

   Technological innovations with three-dimensional 
(3D) volume acquisitions can provide automated 
counting and measurement of follicles in those labs that 
have the newer machines. The sonographer acquires a 
3D volume dataset, and software automatically counts 
all follicles in each ovary. The automated 3D acquisi-
tion improves the speed, but not the accuracy of the 
follicle count. 16  

 Sonography helps detect ovulatory dysfunction. In 
some cycles, there is asynchrony between the estradiol 
peak, the LH surge, and the growth and rupture of ovar-
ian follicles. In such cases, the follicle is usually less 
than 14 mm in diameter and either ruptures premature-
ly or ceases to grow, becoming atretic, a process that 
can be detected with sonographic monitoring. 

 One common etiology of anovulation is polycystic 
ovary syndrome (PCOS). This syndrome is associated 
with irregularly timed menstrual cycles, elevated andro-
gen levels often manifested by increased hair growth, 
hair loss, or acne, and polycystic-appearing ovaries. 
Ovaries associated with PCOS (Figs. 12-10, 8-38A, and 
8-39A) have an increased surface area (often 2.8 times 
normal size) and an increased number of growing and 
atretic follicles as compared to ovaries that are normal. 
Often, polycystic ovaries have multiple follicles less 
than 10 mm in size, referred to as a “string of pearls” 
located in the periphery of the ovary. 17  

  Figure 12-7. Normal ovary  (straight arrow)  with single Graafi an fol-
licle  (star).  (Image courtesy of Washington  Radiology Associates, 
 Washington, DC.)  

Figure 12-6. Normal ovary  (straight arrow)  with no sonographically 
visible follicles. Medial to the ovary is the uterus with prominent 
vasculature  (open arrows).  (Image courtesy Washington Radiology 
 Associates, Washington, DC.)

Only in 5% of cases will there be two or more domi-
nant follicles in the natural cycle. 6  In the 4 to 5 days 
preceding ovulation, the dominant follicle grows ap-
proximately 1 to 2 mm daily. The growth in diameter 
of this single dominant follicle is directly proportionate 
to the rise in serum estradiol. At the time of ovulation, 
the mean diameter of the dominant follicle in a natural 
cycle is approximately 15 to 25 mm. 12  

 As a woman advances through her reproductive 
years, her ovaries reduce in baseline antral follicle 
count (BAFC) and ovarian volume. 12  When performing 
a diagnostic workup of infertility in a woman, it is help-
ful to be able to estimate her ovarian reserve, which is 
defi ned as the quantity and quality of her remaining 
follicles. Ovarian reserve decreases with age. The num-
ber of small antral follicles observed at the beginning 
of the ovarian/menstrual cycles refl ects the size of a 
woman’s resting follicular pool. 13  Women in their for-
ties may demonstrate a BAFC of as few as two to ten 
follicles. Women with fewer than fi ve antral follicles 
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such as dermoids, hemorrhagic cysts, or other complex 
cysts (Figs. 12-12, 12-13, and 12-14) commonly seen in 
the ovary will be further elaborated on here, as they are 
covered in detail in other chapters. 

   Sonographic Assessment of the Uterus 
 The screening of a patient’s uterus during a workup to 
diagnose and treat infertility involves assessment for 
structural anomalies as well as pathology of the entire 
uterus, with attention to the cervix, endometrium, myo-
metrium, and fallopian tubes. This section  discusses 
the sonographic assessment of these  entities. 

 Cervix 

 The cervix and endocervical canal visualize during 
endovaginal sonography (Fig. 12-15). First, align the 
transducer with the endometrial stripe in the longitu-
dinal plane, follow the stripe from the fundus to the 
cervix, and then angle or withdraw the transducer infe-
riorly to optimize the view of the cervix. 

   Routine cervical fi ndings include cervical mucus, 
which may be physiologic at midcycle, extending 
from the external os to the uterine cavity 19  produced 
in response to the elevated periovulatory level of es-
tradiol. Surgical trauma, diethylstilbestrol-related ab-
normalities, ovulatory dysfunction, or medications 
can be responsible for the absence of cervical mucus. 
Although a rare cause of infertility, cervical factor in-
fertility can prevent sperm from ascending into the 
uterus. 

   Sonography visualizes ovarian cystic and solid pa-
thology. This includes endometriosis (Fig. 12-11), an 
ovarian condition common in infertile women. The 
presence of an ovarian endometrioma refl ects severe 
endometriosis, which can impact fertility. A rare type of 
ovulatory dysfunction is ovum entrapment in an unrup-
tured follicle. 6,18  The phenomenon has been termed lu-
teinized unruptured follicle (LUF) syndrome. Although 
briefl y mentioned, neither these entities nor pathologies 

 Figure 12-9. Endovaginal scan showing multiple small antral folli-
cles  (stars)  in the periphery of this ovary. Cursors measure the sagittal 
(1 D) and AP dimensions (2 D) of the ovary. The central echogenic re-
gion  (arrow)  of the ovary demonstrates its connective tissue. ( Image 
courtesy of Washington Radiology Associates, Washington, DC.) 
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 Figure 12-8. Ovarian reserve estimation by ovarian volume. The 
length and height measurements are taken on a sagittal scan  (A)  and 
the width is taken on a transverse scan  (B) . Ovarian volume is ob-
tained by multiplying L  �  H  �  W  �  0.52.  C:  The number of follicles 
measuring between 2 mm and 10 mm are noted for the BAFC. 



 Figure 12-10.  Sonograms depict-
ing the “string of pearls” appear-
ance of the cysts in this woman with 
polycystic ovaries.  (Sonographic 
image courtesy of GE Healthcare, 
Wauwatosa, WI.) 

 Figure 12-11. Endometriosis on the ovary. This cyst with low-level 
internal echoes and posterior acoustic enhancement is an endome-
trioma. (Image courtesy of GE Healthcare, Wauwatosa, WI.) 

 Figure 12-12. Dermoid. (Image courtesy of The George  Washington 
University Hospital.) 

Figure 12-13. A: 2D grayscale image of a hemorrhagic ovarian cyst (arrow). B: Power Doppler image demonstrating peripheral fl ow. (Image 
courtesy of Washington Radiology Associates.)

A B
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Figure 12-14. Complex ovarian cyst. (Image courtesy of The 
George Washington University Hospital.)

Figure 12-15. Sagittal endovaginal sonogram of the cervix. (Image 
courtesy of The George Washington University Hospital.)

 Endometrium 

 The endometrium readily visualizes, and  sonography 
aids in extensive research studies of the uterine  lining. Al-
though sonography is useful in  diagnosing  endometrial 
pathology, many questions remain  unanswered. 

 Because it is critically important that the endome-
trium be receptive for the blastocyst to successfully 
implant, 20  much attention has been paid to sonography 
of the endometrium. Some failures of hormone-induced 
infertility treatments have been attributed to lack of 
receptivity of the endometrium. 21  There is, however, 
some question as to the clinical applications of sono-
graphic fi ndings. 12,21–23  Sonographic fi ndings of the en-
dometrium of interest to sonographers working in the 
fi eld of infertility are discussed here. These fi ndings are 
thickness, blood fl ow, texture, peristaltic movements, 
presence of intracavitary lesions, and presence of intra-
cavitary fl uid. 

 Measure the thickness of the endometrium across 
the uterine cavity (Fig. 12-16). Scanning in the longitu-
dinal plane, thickness is measured as an AP measure-
ment, with care being taken to exclude the hypoechoic 

halo, which is myometrial rather than endometrial in 
origin. Place the measurement calipers at the outer 
hyperechoic margins of the endometrium, one anterior 
and the other posterior to the uterine cavity. In other 
words, the measurement includes both spans (anterior 
and posterior) of the endometrium across the (empty) 
uterine cavity, which the endometrium encompasses. 
The endometrium, which undergoes cyclic change 
during the menstrual cycle, varies in thickness and 
 sonographic appearance during the cycle. The endome-
trium itself consists of two layers, a basal and a func-
tional layer. Hormonal fl uctuations occurring during 
the menstrual cycle result in the changes seen in the 
functional layer. During the reproductive years, normal 
endometrial thickness can vary from 3 to 14 mm within 
the menstrual cycle. Researchers have found that sono-
graphic assessment of the endometrium is not always 
helpful in predicting the receptivity of the uterus for 
successful implantation 21  but research does show that 

Figure 12-16. A and B: Measuring the trilaminar proliferative 
 endometrium. Two images illustrate the different yet similar appear-
ances of the proliferative endometrium. Scanning in the longitudinal 
plane, thickness is measured as an AP measurement, with care being 
taken to exclude the hypoechoic halo, which is myometrial rather than 
endometrial in origin. The measurement calipers should be placed at 
the outer hyperechoic margins of the endometrium. (Image A and 
B courtesy of Washington Radiology Associates, Washington, DC.)

A
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of the menstrual cycle (Figs. 12-5 and 12-17). The thin 
endometrium seen during the menstrual phase is due 
to shedding of the uterine lining. It forms a thin, echo-
genic interface with the myometrium. Endovaginal so-
nography may demonstrate physiologic blood (menses) 
of mixed echogenicity within the uterine cavity. Dur-
ing the proliferative phase, the endometrium thickens 
and typically becomes triple layered. The triple layer 
is thought to refl ect the growth of endometrial glands 
with their secretions. 12  Although this triple-line appear-
ance of the endometrium is characteristic of the preovu-
latory period, it is not a fi nding exclusive to this period. 
Research has shown all three endometrial patterns in 
the periovulatory period. 21  Echogenicity and thickness 
increase during the secretory phase of the cycle and the 
endometrium changes from the triple-layer appearance 
of the proliferative phase to a homogeneous, hypere-
choic, thick, double layer during the secretory phase. 

endometrial thickness of less than 6 mm is useful in pre-
dicting poor implantation rates. 12  Advances in 3D sono-
graphic instrumentation have improved the assessment 
of the thickness and volume of the  endometrium. 23  

   Characteristic changes in blood fl ow dynamics occur 
during the menstrual cycle. Doppler sonography helps 
assess blood fl ow and note physiologic changes involv-
ing the uterine artery. Research has shown that spectral 
Doppler fi ndings of the uterine artery are helpful in pre-
dicting severely decreased uterine perfusion as a cause of 
infertility. Using a pulsatility index cutoff level of 3 to 3.5 
for the uterine artery, prediction of a nonreceptive endo-
metrium was 100% specifi city and 100% positive predic-
tive value. 21  As such, spectral Doppler is useful in pre-
dicting poor receptivity to implantation. It has, however, 
not been found as useful in predicting good receptivity. 

 The texture of the endometrium has characteristic so-
nographic appearances during each of the three phases 

A B
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 Figure 12-17.  A:  Menstrual phase endometrium.  B:  Triple-layer endometrium in proliferative phase. Endovaginal sonogram of the preovu-
latory uterus and endometrium. Measurement of the endometrium includes two thicknesses, from one myometrial interface to the oppo-
site interface  (between arrows);  texture grading suggests a triple-stripe preovulatory pattern.  C:  Axial or transverse view of the triple layer 
endometrium.  D:  Secretory phase endometrium. Endovaginal sonogram of the uterus and endometrium. The endometrium is thickened and 
hyperechoic with respect to the myometrium, characteristic of the secretory luteal-phase endometrium. (Images A and D courtesy Washington 
Radiology Associates, Washington, DC. Images B and C courtesy of Philips Medical, Bothell, WA.) 
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the preferred method of identifying Asherman syn-
drome, in which synechiae are demonstrated within 
the endometrial cavity. Without the  infusion of sa-
line, intrauterine adhesions  appear as sonolucent 
defects within the bright, thickened endometrium 
during the secretory phase, or as an obliteration of 
the normal endometrium on pelvic sonogram. Many 
times, however, the endometrium appears normal 
despite the presence of intrauterine adhesions. Hys-
terosalpingography (HSG) also helps to assess for in-
trauterine adhesions (Fig. 12-19). If an intracavitary 
lesion is present, surgical intervention is undertaken 
to remove the abnormality and restore the uterine 
cavity to normal. 

 Physiologic intracavitary fl uid in the form of mu-
cus or blood visualizes with endovaginal sonography. 
The physiologic presence of intracavitary mucus may 
accompany midcycle endometrial changes. Intracavi-
tary blood images during the fi rst week of the cycle. 
Other than the above situations, the presence of en-
dometrial fl uid is considered pathologic. The presence 
of intracavitary fl uid at the time of embryo transfer is 
associated with implantation failure, and it is common 
clinical practice to postpone the embryo transfer in the 
presence of fl uid. In this situation, embryos are frozen 
for future use. However, despite the markedly dimin-
ished chance of implantation, it has been reported that 
removal of the fl uid with a catheter (Fig. 12-20) and 
immediately transferring the embryo has yielded suc-
cessful implantation. 12  

   Myometrium 

 The myometrial layer visualizes well by transabdominal 
sonography of the uterus and is even better visualized 
during endovaginal scanning, but these modalities may 

   Peristaltic movement of the endometrium has been 
visualized with sonography. 6,19  Endovaginal sonogra-
phy has found that increased peristaltic endometrial 
and myometrial movements appear to occur in women 
around midcycle. These movements probably enhance 
sperm propulsion toward the tubal ostia. 24  

 Intracavitary lesions (Figs. 12-18, 12-19, and 8-16) 
may be assessed by routine endovaginal sonography as 
well as magnetic resonance imaging (MRI), hysterosal-
pingography, saline-infusion sonohysterography (SIS), 
and 3D or four-dimensional (4D) sonography. 

   Lesions may arise from either the endometrium or the 
underlying myometrium. SIS allows characterization 
of intracavitary abnormalities and myometrial versus 
endometrial lesions. These include polyps, myomas, 
synechiae, retained products of conception, endome-
trial hyperplasia, and carcinoma. The presence of any 
clinically signifi cant intracavitary abnormality can de-
crease the likelihood of pregnancy, with or without 
fertility treatment, and may increase the likelihood of 
miscarriage. For these reasons, assessment of the uter-
ine cavity is critical in the evaluation of a couple with 
infertility. Pelvic sonography also helps in detection of 
endometrial polyps as well as intracavitary and submu-
cosal myomas. 

 Often, the endometrium appears heterogeneous, 
and hyperechoic irregularities may be noted. SIS 
helps to characterize abnormalities. 3D 23  and 4D so-
nography can help in diagnoses such as these. Ash-
erman syndrome is the development of intrauterine 
adhesions resulting from postpartum or postabor-
tal surgical curettage, pelvic infl ammatory disease 
(PID), uterine surgery (cesarean section or myomec-
tomy), or tuberculosis, possibly with concomitant 
symptoms of hypomenorrhea or amenorrhea. SIS is 

A B
 Figure 12-18.  A:  HSG demonstrates an endometrial polyp.  B:  Saline infusion sonohysterography of the same submucosal fi broid. 
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 Figure 12-19.  A:  HSG shows a large fi lling defect, 
essentially dividing the uterus into two chambers. 
This picture is highly suggestive of uterine syn-
echiae.  B:  HSG demonstrating moderate intra-
uterine adhesions.  C:  Cook balloon uterine stent 
used as prophylaxis against adhesion reformation; 
and sonogram of stent.  D:  Cook balloon uterine 
stent inside uterus immediately after adhesiolysis. 
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only briefl y reviewed in this chapter, as they are treated 
in greater detail elsewhere in this book. 

 Structural uterine abnormalities, which include 
 congenital anomalies, fi broids, and adenomyosis 
(Figs. 12-21 and 12-22), can have an impact on infer-
tility if they interfere with implantation. 27,28  A septate 
uterus, which increases a woman’s risk of miscarriage, 
cannot be visualized by conventional sonography but 
can be diagnosed through SIS. 3D sonography may help 
diagnose septate uterus if digital reconstruction of the 
coronal plane of the uterine cavity demonstrates a sep-
tum. 12  A septum can be surgically removed to increase 
the likelihood of a woman carrying a pregnancy to full 
term. Fibroids can contribute to infertility in several 
ways: distorting the shape of the uterine cavity, inter-
fering with uterine/endometrial blood fl ow, occluding 
the tubal ostia, or preventing implantation. Surgical re-
moval of submucosal fi broids improves clinical preg-
nancy rates. 26,28  Adenomyosis (Fig. 12-22), which is the 
presence of endometrial tissue within the myometrium, 
can coexist with other pathology, including leiomyoma, 
endometriosis, and endometrial hyperplasia. It can 
present in a diffuse or focal form. MRI has proven use-
ful in the diagnosis. Varied patterns to adenomyoma 
have been imaged, including multiple cysts within dis-
tinct lesions. 29  Although adenomyosis may contribute 
to infertility and/or miscarriage, its medical (oral con-
traceptives) or surgical (often, a hysterectomy) treat-
ment will render a woman subfertile or sterile. 

   Fallopian Tubes 

 In the absence of pathology such as hydrosalpinx or 
pyosalpinx, the fallopian tubes are not visualized by 
conventional sonography, but innovative techniques 
and technology are changing this limitation. Tubal oc-
clusion is believed to be the cause of 14% of couples 

only play an ancillary role in the diagnosis of structural 
uterine etiologies of infertility. Adding saline SIS to the 
repertoire of studies available to the sonologist makes 
it possible to distinguish myometrial from endometrial 
pathology, and to help asses some uterine anomalies 
that may contribute to infertility. MRI is an excellent 
noninvasive imaging modality for diagnosing structural 
anomalies of the uterus, particularly if they require the 
visualization of the serosal layer or a septum. 

 3D sonography is very helpful in assessing uterine 
anomalies, and in labs that utilize this feature it is fast 
becoming an imaging modality of choice to assess uter-
ine anomalies. In labs that do not use 3D sonography, 
the imaging modality of choice for diagnosing anoma-
lies of the uterus and fallopian tubes is HSG. This is a 
study performed in the routine evaluation of women 
for infertility. 25,26  Uterine pathologies and anomalies are 

 Figure 12-20. Intracavitary fl uid  (star)  should be removed before 
embryo transfer. Hyperechoic line represents the catheter (between 
arrows). (Image courtesy of GE Healthcare, Wauwatosa, WI.) 

A B
 Figure 12-21.  A:  HSG showing a T-shaped uterus in a diethylstilbestrol-exposed woman.  B:  3D reconstruction of a coronal view of a normal 
endometrium refl ecting the shape of the normal endometrial cavity, for comparison. (Image courtesy of GE Healthcare,  Wauwatosa, WI.) 
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 Figure 12-22.  A:  HSG using a water-soluble contrast medium demonstrates a large, smooth fi lling defect within the endometrial cavity 
resulting from an intracavitary fi broid. The mass effect on the study is nonspecifi c, and only direct visualization can confi rm that it is caused 
by a fi broid.  B:  The hysteroscopic view of this intracavitary leiomyoma.  C:  Sagittal T2-weighted image demonstrates oval areas of thickened 
junctional zone containing a few hyperintense foci that are characteristic of adenomyosis.  D:  This gross photograph of a bisected supracervical 
hysterectomy specimen exhibits irregular thickening of the myometrium, characteristic of adenomyosis. Multiple deep myometrial foci of dark 
blue discoloration mark the sites of adenomyosis  (long white arrows).  The short black arrow indicates a small leiomyoma.  E:  A direct sign of 
adenomyosis are the fi nding of numerous diverticula as seen in Figure 11-26. An indirect sign of adenomyosis is calle “tuba erecta” as seen on 
this hysterogram.  F:  Endovaginal sonogram of adenomyosis. (Image courtesy of The George Washington University Hospital.) 
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 Diagnosis of clinically signifi cant varicocele can be 
made based on a physical examination alone. Although 
smaller, subclinical varicoceles visualize by sonogra-
phy, it is only the larger palpable varicoceles that are 
typically associated with infertility. Scrotal sonography 
is only indicated when the physical exam is inconclu-
sive. 34  The scan is performed with a high-frequency lin-
ear transducer (7 to 12 MHz) superior to the testicles, 
where the veins of the pampiniform plexus are visual-
ized as anechoic tubular structures. A classic “bag of 
worms” appearance of multiple tubular veins superior 
to the testes (Fig. 12-24) is characteristic of varicoceles. 
Measure the vessel diameters on the sonogram. The pa-
tient is asked to hold his breath and bear down on his 
belly (i.e., apply the Valsalva maneuver) in an attempt 
to distend the veins. As an alternate, scan the patient in 
an upright position to promote pooling of the blood due 
to the force of gravity, if the veins are indeed varicose. 
Measurement of three or more veins 3 mm or greater 
is diagnostic of varicocele, whether visualized with or 
without the Valsalva maneuver. 

   Left-sided varicoceles are more common because 
of the insertion of the left spermatic vein into the left 
renal vein. The right spermatic vein enters the infe-
rior vena cava directly. Varicoceles are present in a 
signifi cantly higher percentage of men with second-
ary infertility (81%) compared to primary (35%) in-
fertility. 35  Semen parameters are often abnormal in 
the presence of varicocele, with decreases in sperm 
density and motility and changes in morphology. 
Perhaps the effects of scrotal temperature, hormonal 
abnormalities, and biochemical and immunologic fac-
tors combine to increase the likelihood of male factor 
infertility. 36  

requiring infertility treatment, 28  and disease or damage 
of the tube is reported to account for 25% to 35% of 
infertility. 30  

 Laparoscopy is the gold standard 30  and HSG is the 
imaging procedure of choice to evaluate tubal patency. 
In some labs SIS plays an increasing role in assessing 
the patency of fallopian tubes. 6,31  Using this technique, 
the sonographer evaluates tubal patency by noting the 
presence of fl uid in the cul-de-sac following the infu-
sion of saline into the uterus. In the absence of ob-
struction, saline that is infused into the uterus fl ows 
out of the fi mbrial end of the fallopian tube. Diagnosis 
of at least one tube’s patency is through visualization 
of free fl uid in the cul-de-sac. Unfortunately, this tech-
nique does not provide information regarding bilateral 
tubal patency or other tubal disease. Color or spectral 
Doppler can improve the visualization of fl uid fl owing 
out of the fallopian tube into the adnexa. 32,33  Doppler 
assessments (Fig. 12-23) are further improved in those 
parts of the world where contrast media is approved for 
use to enhance the study. 33  

   Male Factor Infertility 
 Semen parameters (i.e., sperm density, motility, mor-
phology/shape) must be adequate for conception to 
occur. Routine workup of infertile couples includes as-
sessment of sperm quality with a semen analysis. Eti-
ologies for poor semen quality are varied and include 
testicular failure, vasoepididymal obstruction of con-
genital or infectious origin, varicocele, systemic dis-
ease, and idiopathic causes. 3  Of these, varicoceles are 
the most common abnormality associated with male 
factor infertility and are present in a high percentage of 
men presenting with infertility. 34  

 Figure 12-23. Fallopian tube color 
Doppler saline infusion sonohys-
terosalpingography to assess tubal 
patency. 3D power Doppler scan 
of uterine cavity after injection of 
isotonic saline. 3D power Doppler 
rendering allows simultaneous as-
sessment of triangular shape of 
uterine cavity and proximal part of 
tube (lower right). Reprinted from 
Kupesic S, Plavsic, BM. 2D and 3D 
hysterosalpingo-contrast-sonog-
raphy in the assessment of uterine 
cavity and tubal patency.  European 
Journal of Obstetrics & Gynecology 
and Reproductive Biology 133 (1) 
p. 67 (2007). With permission from 
Elsevier. 
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 THE MANY AND VARIED ROUTES 
TO ASSISTED REPRODUCTION 

 The scope of infertility treatment has changed dramati-
cally over the last few decades. The birth of Louis Brown 
in 1978 after in vitro fertilization (IVF) was the fi rst ma-
jor technological breakthrough for clinically successful 
birth of a child to an infertile couple. 37  Since then, IVF 
has become popular worldwide. Approximately 1 in 
50 births in Sweden, 1 in 60 in Australia, and 1 in 80 to 
100 in the United States are through IVF procedures. 38  
Depending on the couple’s etiology of infertility, there 
are many routes available for assisted reproduction. 
This section gives an overview of the treatments in-
volved in the services of ART. 

 Fertility treatment 12,28,39  may simply involve the 
stimulation of follicles in a woman’s ovaries followed 
by timed intercourse or an IUI. Or it may involve con-
trolled stimulation of multiple follicles and aspiration 
of ova from these follicles followed by any one of ad-
ditional reproductive technologies. 

   An IUI is performed after ovarian follicle stimulation 
if the underlying cause of a couple’s infertility is either 
unexplained or a mild male factor. Typical mild male 
factors are borderline sperm concentration, motility, 
or shape. An IUI entails the placement of prewashed 
sperm directly into the woman’s uterus during a rou-
tine pelvic exam at the time of ovulation. Many couples 
undergo IVF if prior IUIs have failed to result in a preg-
nancy or if either the sperm are poor on semen analysis 
or the fallopian tubes are diseased (i.e., occluded or 
have hydrosalpinges). 

 IVF (Fig. 12-25) is preceded by the stimulation of 
multiple follicles and retrieval of ova. Ova retrieval oc-
curs with the assistance of endovaginal sonography. An 
aspiration needle, attached to the biopsy guide of the 
endovaginal transducer, visualizes on the sonography 

screen, allowing for real-time guidance of the follicle 
aspiration. Because ova themselves do not directly vi-
sualize by sonography, aspiration of the fl uid within 
each follicle into a small container allows for micro-
scopic assessment for the presence of ova within the 
adjoining embryology laboratory. 

   Once ova are aspirated from a woman’s follicles, a 
host of possibilities opens up for assisted reproduction. 
The ova may be cryopreserved for use in the future 
or they may be used immediately. Ova may be insert-
ed along with sperm into a woman’s fallopian tube 
(Fig. 12-26) in a procedure known as gamete intrafal-
lopian transfer (GIFT), from which point everything 
can continue on naturally, with fertilization occurring 
in vivo. If this treatment technique does not address the 
couple’s etiology of infertility, the fertilization may be 
conducted in vitro by placing ova and sperm together 
in a culture dish, where fertilization takes place outside 
the body. The resulting conceptus, known as a zygote, 
can then be introduced into the woman’s fallopian tube 
in a technique (very rarely done today) referred to as 
zygote intrafallopian transfer (ZIFT). Following the 
transfer, all else occurs naturally, with the conceptus 
propelled by the fallopian tube into the uterine cavity 
where it implants in the lining of the uterus, allowing 
the pregnancy to continue naturally from this point 
onward. More commonly, following IVF the embryo is 
allowed to develop for several days and then is trans-
ferred (ET) transcervically into the uterus (Fig. 12-27), 
where implantation can follow naturally. In general, 
IVF with ET is standard clinical practice, whereas GIFT 
and ZIFT are uncommonly used. 

   If a couple’s etiology of infertility is due to a male 
factor (i.e., low sperm count or decreased motility or 
abnormally shaped sperm on semen analysis), the 
ability of sperm to fertilize an egg diminishes, despite 

A B
 Figure 12-24.  A:  2D “bag of worms” appearance to varicoceles  (arrow)  performed with a trapezoid imaging function, which allows for imag-
ing of peripheral structures.  T,  testicle.  B:  Color Doppler imaging demonstrating fl ow within the varicosed vein. Varicoceles occur more often 
on the left side due to the venous termination into the left renal vein. (Images courtesy of Washington Radiology Associates, Washington, DC.) 



 Figure 12-25. Sonographic imaging occurs at many steps of the IVF-ET process. Ovary stimulation is through daily injections of gonadotropins to 
optimize follicular development. Endovaginal ultrasound helps with monitoring of follicular growth. Sonogram of an unstimulated ovary, located in 
the posterior cul-de-sac, demonstrates small follicles (A, star). This image demonstrates an ovary with a dominant follicle (B, arrow). Sonographi-
cally guided endovaginal egg retrieval follicular fl uid aspiration (C). The recovered mature human egg (D) is fertilized through egg culturing and 
introduction of multiple motile sperm (E). Multiple sperm attach to the egg’s zona pellucida  (arrows) . Intracytoplasmic sperm injection fertilization is 
a technique whereby the injection of a single sperm occurs through use of a thin glass pipette (F). Though developed to solve male-factor infertility, 
this process is now used in a majority of IVF cycles. Culturing of multiple embryos to the eight-cell embryo takes approximately 3 days (G). Blastocyst 
embryos take up to 5 days (H) before the inner cell mass forms  (arrow).  The selected embryos are then transferred to the uterus (I). Cryopreserving 
allows for saving of any remaining good quality embryos for use in future pregnancy attempts. 
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 If a couple’s etiology of infertility is uterine anom-
aly or pathology that precludes the woman carrying a 
pregnancy, the couple may still have a biological child 
using their own sperm and ovum, using a gestational 
carrier. Furthermore, donor sperm and/or ova also ad-
dress a couple’s infertility problems through the use of 
IVF or in vivo fertilization. 41  In rare situations, cryo-
preserved zygotes and/or embryos are obtained from 
a donor couple. Indeed, couples who were considered 
infertile in years gone by may not be infertile at all, but 
simply subfertile. Clinical procedures overcome these 
problems, helping them to conceive and have a child. 

 Depending on the particular infertility center or of-
fi ce, there may be a variety of individuals involved 
in the services of assisted reproduction (Fig. 12-28). 
This includes patients (female and male), reproduc-
tive endocrinologists, embryologists, andrologists, so-
nographers, sonologists, geneticists, nurses and medi-
cal assistants, egg or sperm donors, psychologists, and 
obstetricians, to name some of the players who may 
be involved in interdisciplinary work helping couples 
overcome infertility. The patients may be infertile het-
erosexual couples, same-sex couples, or single wom-
en seeking parenthood. Volunteers may donate their 
sperm or eggs. If helping as a gestational carrier, a 
woman offers to conceive and carry a pregnancy to 
term in her uterus to help an infertile couple. The role 
of the sonographer may vary in different settings. Al-
though sonographers typically perform the diagnostic 
workup and follicular monitoring, sonologists perform 
the more invasive procedures. Obstetricians or radi-
ologists may perform procedures such as SIS, whereas 
a reproductive endocrinologist performs endovaginal 
follicle aspiration for oocyte retrieval and embryo trans-
fers. Sonographers or sonography physician-extenders 

combining both sperm and egg in a dish for IVF. 
Fortunately for these couples, intracytoplasmic sperm 
injection (ICSI) is available. ICSI involves the injection 
of one sperm into the cytoplasm of one egg, thereby 
increasing the likelihood of egg fertilization and subse-
quent embryo development. 38,40  

Egg retrieval
OOcyte (egg)
(GIFT)

Zygote (embryo)
4-8 cells

Oocyte and sperm introduced
into tubal ampulla

Oocyte (egg) retrieval and
GIFT (gamete intrafallopian transfer) or

ZIFT (zygote intrafallopian transfer)

 Figure 12-26. GIFT and ZIFT. Gamete intrafallopian transfer (ova and 
sperm inserted into fallopian tube) or zygote intrafallopian transfer 
(ova and sperm fertilized in vitro, and the zygote inserted into the fal-
lopian tube). Both these procedures are rarely performed today. More 
commonly, embryos are transferred directly into the uterine cavity. 

After 44 to 72 hours, two- to eight-cell embryos 
are transferred to woman's uterus.

Outside of body, 
single sperm 
injected in egg or
sperm and eggs
placed together 

 Figure 12-27. Embryo transfer. Ova 
are fertilized by sperm in a  laboratory 
dish and are then transferred with 
a catheter directly into a woman’s 
 uterus. This (as compared to GIFT 
or ZIFT) is the more commonly per-
formed  procedure. 
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 Figure 12-28. This diagram demonstrates the many people involved in the successful pregnancy resulting from infertility treatments. 

may perform the sonographic guidance in real-time 
for the transfer of embryos into a woman’s uterus. 
An embryologist handles the retrieved eggs, the intro-
duction of sperm for fertilization, and the subsequent 
monitoring and care of embryos; these individuals 
bring embryos into the procedure room for transfer 
into the uterus. A nurse assists in the coordination 
of ovarian stimulation, in the pre- and post-procedure 

care of patients, and in the counseling of the couple. 
Working together, interdisciplinary teams 39  help serve 
the many-faceted needs of couples seeking assisted 
reproduction. 

 Treatment of Infertility 
 Treatment protocols for infertility can include one 
or more of the following: a baseline sonogram, 
sonographic monitoring during the follicular phase, 
sonographic assessment during the periovulatory peri-
od, evaluation for complications of OHSS, sonographic 
guidance for follicle aspiration, sonographic guidance 
for embryo transfer, documentation of early gesta-
tion, multifetal reduction, and sonography of the fetus 
through its gestation. This section elaborates on these 
topics. 

 Baseline Sonogram 

 A baseline sonogram is performed within the fi rst few 
days of menstrual fl ow, before the initiation of therapy. 
This scan should make note of any existing uterine or 
adnexal abnormalities, for the record. 

 When assessing the ovaries, the sonographer 
should make note of any cystic lesions. This may in-
clude polycystic ovaries (PCOs), which often appear 

 PATHOLOGY BOX 12-2 

The “Alphabet Soup”of Modern Reproductive 
Technologies

Acronym Procedure Described

ART Assisted reproductive technologies
COH Controlled ovarian hyperstimulation
ET Embryo transfer
GIFT Gamete intrafallopian transfer
ICSI Intracytoplasmic sperm injection
IUI Intrauterine insemination
IVF In vitro fertilization
OI Ovulation induction
ZIFT Zygote intrafallopian transfer
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ovulation with clomiphene citrate. This close monitor-
ing of patients provides evidence of nonresponse, ad-
equate response, or overresponse. 

 If clomiphene does not work, the treatment can be 
changed to exogenous gonadotropins such as FSH to 
stimulate follicular growth, coupled with an ovula-
tion “trigger” such as hCG to induce ovulation. Self-
administered FSH injections occur on a daily basis. 
Because women with anovulation are more sensitive 
and therefore more apt to develop many follicles 
under the infl uence of gonadotropins, they require 
close monitoring of dosage and follicular develop-
ment. The goals of therapy for women with anovula-
tion with either clomiphene citrate or gonadotropin 
treatment regimens are to induce satisfactory mat-
uration of a single follicle yet avoid excessive fol-
licular development, OHSS, and multiple-gestation 
pregnancies. 8  

 For couples with unexplained infertility, COH 
provides a means for superovulation (i.e., the de-
velopment of multiple follicles). For those women 
undertaking treatment with an IUI, the goal is to de-
velop three to four dominant follicles at one time. 
This provides multiple “targets” for sperm to fertil-
ize. Although this approach increases the likelihood 
of pregnancy, it also increases the risk of a multiple 
pregnancy. In these patients, for the purpose of ovar-
ian stimulation, use either clomiphene citrate or in-
jectable gonadotropins. 

 If there is a need for fi ve or more follicles, usually for 
IVF, clinicians use controlled ovarian hyperstimulation 
facilitated through the use of injectable gonadotropins. 
As previously discussed, egg retrieval is achieved with 
sonographic guidance. The eggs are then fertilized out-
side the body, and the resultant embryos are returned 
to the woman’s uterus for possible implantation. Severe 
OHSS is a rare (1% to 2% incidence) complication of 
IVF, whereas multiple pregnancy is not (25% to 30% of 
all embryo transfers). 42  

 Although the risk of severe OHSS is low 43  with clo-
miphene citrate therapy, most fertility clinics perform 
sonograms during the follicular phase to ensure proper 
response. On occasion, a single endovaginal sonogram 
is performed 5 days after the last dose of clomiphene 
to provide documentation of growth of the follicle 
and help plan the timing of ovulation induction. 12  The 
rate of follicular growth is approximately 1 to 2 mm 
increase in mean follicular diameter daily. The mean 
follicular size at which ovulation occurs is 20 mm in 
clomiphene citrate–stimulated ovulation induction 
cycles. 

 In treatment regimens involving exogenous gonado-
tropins for follicular hyperstimulation, it is generally 
accepted that sonographic monitoring is necessary. 6,43,44  
Sonography helps evaluate follicular growth and modify 
dosage of medication accordingly. Protocols of sched-
uled tests vary, however, between different assisted 

as multiple, small cysts (measuring less than 10 mm) 
along the periphery of the ovary that is enlarged or 
at the upper limits of normal (Fig. 12-10). Note reso-
lution of all prior follicular development or minimal 
follicles in this phase of the ovarian cycle. Document 
cysts such as these for pretreatment precautions to re-
duce the risk of complications such as ovarian hyper-
stimulation syndrome (OHSS). This syndrome occurs 
with either the clomiphene or the gonadotropin regi-
men, although it is less likely in the former. Any pre-
existing cysts may be aspirated in the early follicular 
phase before the initiation of an IVF cycle has been 
advocated to facilitate better follicular development 
and improve clinical pregnancy rates. 28  The effects 
of cyst aspiration are transient, as these cysts tend to 
recur. Although easily performed, ovarian cyst aspi-
ration should be contemplated carefully before being 
carried out. The potential risk of malignancy in cystic 
ovarian lesions and the consequences of performing 
vaginal aspiration in such instances are unclear. Endo-
metriomas may be aspirated under sonographic guid-
ance but tend to re-accumulate their contents within 
the cyst. 

 Sonographic Monitoring during Follicular Phase 

 Controlled ovarian hyperstimulation plays a central 
role in ART available to couples. For most causes of 
infertility, the fi rst step in treatment is the hyperstimu-
lation of the woman’s ovaries to yield single or multiple 
“dominant” follicles. This opens up a host of treatment 
options (Table 12-2), some involving sonography. En-
dovaginal sonography is an important tool for directly 
visualizing follicular growth and maturation. In fertil-
ity treatment, serial scans of the ovarian follicles help 
monitor follicle growth. 

   If the infertility evaluation establishes PCOS as the 
etiology of ovulatory dysfunction, the fi rst line of treat-
ment is ovulation induction using clomiphene citrate. 
For individuals who do not ovulate on their own, the 
goal of treatment is to have a single follicle develop 
and ovulate. Hormonal studies and multiple sonograms 
assessing follicular growth help determine response or 

 TABLE 12-2 

 Sequencing of Select Fertility Treatments 

 Treatment Medication Follicles Fertilization 

 Ovulation Clomiphene One Intercourse 
 Induction
 COH Clomiphene Multiple (2–4) IUI 
 COH Gonadotropin Multiple (2–4) IUI 
 COH Gonadotropin Multiple;  IVF-ET 
   aspirated

 OI, Ovulation induction; COH, Controlled ovarian hyperstimulation; 
IUI, intrauterine insemination; IVF, in-vitro fertilization; 
ET, embryo transfer 
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dividing the sum by the number of dimensions. So-
nography machines used in ART centers may also have 
software programs that generate a report of the mean 
diameters of all the measured follicles (Fig. 12-30). 
Some labs may use three dimensions, whereas most 
labs will simply average two dimensions measured off 
an image of the follicle in its largest plane. To obtain 
such a plane, sweep through each follicle in real time 
to locate and freeze the optimum view from which to 
measure that particular follicle before moving on to the 
next and fi nding its optimum plane for measurement. 

 Many follicles are at different stages of development 
because patients often harbor antral follicles at various 
stages of growth in FSH-stimulated cycles (Fig. 12-31). 
Simply count and report the number of follicles mea-
suring less than 10 mm, but individually measure and 
report mean diameters of each follicle greater than 10 
mm in each ovary. Assessment of follicular mean di-
ameter aids in timing ovulation trigger administration, 
usually when the lead follicles have a mean diameter of 
17 mm 44  and most follicles are at least 15 mm 12  in mean 
diameter. The mean diameter at which follicles are 
mature (Table 12-2) in gonadotropin-stimulated cycles 

reproduction treatment centers. The American Society 
of Reproductive Medicine recommendation is that one 
sonogram be performed after 4 to 5 days of treatment 
and that additional scans be performed at 1- to 3-day 
intervals, according to response. 45  To help patients man-
age treatment costs, others have published minimal rec-
ommendations for performance of endovaginal scans to 
evaluate follicular growth at day 7 and day 10 of treat-
ment. If follicles lag in growth, then a third and a fourth 
additional scan can be added on a case-by-case basis. 44  

 Measurement of follicles is through either two or 
three of the following of each follicle: length (L), height 
(AP), and width (W) (Fig. 12-29). Calculate a mean 
follicular diameter by adding the measurements and 

Ovary

H

L
W

90° rotation

 Figure 12-29. Diagram of measurement planes for follicles, 
illustrating one method in which follicular measurements are made: 
length plus height plus width (L  �  H  �  W/3)  �  mean follicular diam-
eter. Some laboratories obtain the length measurement on a sagittal 
and then the AP and transverse on the coronal image. Other labs 
perform the longitudinal and AP measurement on the sagittal im-
age and the transverse on the coronal ovary measurement. Either 
method obtains the requisite measurements; however, the sonog-
rapher must be sure to obtain three measurements and adhere to 
the departmental measurement protocol. To improve effi ciency in 
scanning time, many labs today utilize only two dimensions of the 
follicle off a scan imaged in its largest plane. 

 Figure 12-30. Measuring follicles. 
Machine-generated report. (Image 
courtesy of Shady Grove Fertility 
Center, Rockville, MD.) 

PATHOLOGY BOX 12-3

 Mean Diameters of Mature Follicles at Ovulation 

Type of Cycle Mean Diameter at Ovulation

Gonadotropin-stimulated 
cycles

16 to 18 mm

Clomiphene-stimulated 
cycles

20 mm

Natural cycle 15 mm to 25 mm



 12 — Assisted Reproductive Technologies (ART), Contraception, and Elective Abortion 301

uncomfortable ergonomics during intense and pro-
longed endovaginal scanning. 

 Sonography during the Periovulatory Period 

 During this period, scan both the follicles and the endo-
metrium to help evaluate the patient, predict the timing of 
ovulation, and assess the receptivity of the endometrium 
for implantation. When suffi cient follicles reach average 
diameters that are considered to be mature, an ovulation 
trigger in the form of hCG is administered to induce ovula-
tion. Sonography of the endometrium is of little use in pre-
dicting favorable implantation outcomes, 21  but research 
does show that endometrial thickness of less than 6 mm 
is useful in predicting poor implantation rates. 12  

is 16 to 18 mm; in clomiphene-stimulated cycles, the 
mean diameter at maturity is 20 mm. As a comparison 
in the natural cycle, ovulation occurs in follicles with 
mean diameters of 15 to 25 mm. 12  

 Recent technological innovations with 3D volume 
acquisitions can also provide automated counting 
and measurement of follicles. 16  The sonographer ac-
quires a 3D volume dataset and uses the software to 
automatically measure and generate a complete re-
port of mean diameters of all follicles in each ovary 
(Fig. 12-32). The automated 3D acquisition improves 
the speed of the exam. It also reduces the risk of oc-
cupational injury in the sonographer, who may oth-
erwise experience musculoskeletal injury due to 

A B
 Figure 12-31. A: 3D volume imaging of stimulated ovary, showing multiple follicles, coded in color. B: Follicles of varying size are seen. 
(Sonographic image courtesy of GE Healthcare, Wauwatosa, WI.) 

A B
 Figure 12-32. A: New software in sonography machines with 3D volume acquisitions enables automatic counting and measuring of follicles, 
shown here color-coded. B: An automatically generated report provides planar dimensions as well as an average diameter and volume of each 
follicle. (Sonographic image courtesy of GE Healthcare, Wauwatosa, WI.) 
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form, circulatory compromise and electrolyte imbal-
ance. In severe OHSS, the ovaries are markedly en-
larged (greater than 10 centimeters [cm]) and edema-
tous. Ascites and pleural effusions are present, with 
concomitant hemoconcentration and oliguria. There 
is increased risk of ovarian cyst rupture or torsion. 
Severe OHSS occurs in cycles with enlarged ovaries, 
high estradiol levels, and many small or intermediate, 
rather than large, follicles. 47  This situation can be lim-
ited by withholding hCG and thus not triggering ovu-
lation. Were OHSS to be diagnosed with these charac-
teristics, the treatment cycles would be canceled (i.e., 
all available embryos frozen with no embryos being 
transferred) and any further treatment put off for an-
other menstrual cycle. 

 If the treatment cycle does not result in pregnancy, 
the syndrome spontaneously resolves within a few 
days. The syndrome, however, is most commonly seen 
with pregnancy (Fig. 12-33), in which case resolution 
occurs more slowly, over 6 to 8 weeks. Hospitalization 
and abdominal paracentesis under sonographic guid-
ance are often required. 

 Complications of Controlled Ovarian 
Hyperstimulation 

 OHSS and multifetal gestations are serious complica-
tions of ovarian hyperstimulation techniques used in 
assisted reproduction. OHSS can occur in either the 
clomiphene or the gonadotropin regimens used to hy-
perstimulate a woman’s ovaries as part of her infertili-
ty treatment. In general, the risk of severe OHSS is low 
in patients using clomiphene citrate for ovarian hyper-
stimulation, whereas gonadotropins slightly increase 
this complication. Sonography plays an important role 
in monitoring follicular growth with both regimens, 
because of the increased incidence of complications 
such as OHSS and multifetal gestations. 

 Due to the very nature of the COH treatment op-
tion, some degree of ovarian hyperstimulation does 
occur in patients undergoing follicle stimulation with 
gonadotropins as part of their assisted reproduction 
treatment. 45,46  The treatment regimen is not discontin-
ued if the degree of hyperstimulation is clinically in-
signifi cant. The symptoms of hyperstimulation range 
from mild abdominal discomfort to, in its most severe 

A B

C

 Figure 12-33. This scan demonstrates OHSS and pregnancy.  A:  There 
are multiple large, anechoic follicles and ascites in the left adnexa.  A,  
ascites;  F,  follicle.  B:  Large amount of ascites imaged in the right up-
per quadrant. A paracentesis procedure was used to drain the fl uid. 
Note right kidney posterior to the fl uid.  L,  liver;  K,  kidney;  B,  bowel; 
 A,  ascites.  C:  A live embryo confi rmed with an M-mode of the heart-
beat. (Image courtesy of The George Washington University Hospital, 
Washington, DC.) 



 12 — Assisted Reproductive Technologies (ART), Contraception, and Elective Abortion 303

usefulness of sonographic guidance for embryo trans-
fer, and some turn to sonography selectively, only in 
diffi cult cases. 6  

 Embryos can be transferred either as cleavage 
stage embryos 2 or 3 days after fertilization, or as 
blastocysts 5 or 6 days after fertilization. 49,50  Whereas 
in early years of ART, multiple embryos were routine-
ly transferred into a woman’s uterus to increase the 
chances of achieving even one singleton gestation, 
current recommendations have changed this prac-
tice. As clinical experience with assisted reproduction 
has matured over the past few decades, practitioners 
around the world have come to reassess the impact 
of multifetal gestations on maternal health, fetal out-
come, and associated costs, and to revise guidelines 
of the number of embryos transferred during ART pro-
cedures. A generally desired outcome of ART is that 
of a healthy singleton gestation. 49  Italy passed laws 
strictly limiting the practice to single embryo trans-
fers. 51  The American Society of Reproductive Medi-
cine published guidelines for the number of embryos 
to transfer, taking into consideration a variety of fac-
tors, including a woman’s age, her etiology of infer-
tility, and her history of previous failed IVF cycles. 
The recommendations range from one single embryo 
(for women under 35 years of age who have favor-
able prognosis) to fi ve cleavage-stage embryos (for 
women older than 40 years of age). 49  In collaboration 
with the reproductive endocrinologist and the em-
bryologist, along with consideration of the published 
guidelines, the woman receiving IVF treatment signs 
an informed consent statement as to the number and 
stage of embryos for transfer. 49,50  Embryos can be 
transferred into the woman’s uterus during the same 
cycle in which follicles were aspirated, or they can be 
cryopreserved and transferred at a later date. 52  After 
obtaining informed consent from the couple, an em-
bryologist draws the embryos into a transfer catheter. 
With or without sonographic guidance, the reproduc-
tive endocrinologist then transfers the embryo(s) into 
the uterine cavity. 

 If providing sonographic guidance, the sonographer 
aligns the view of the cervical canal and the uterus on 
the monitor, scanning transabdominally with the pa-
tient’s full bladder as a window, and using a 3 MHz or 
4 MHz transducer. The transfer catheter containing the 
embryos visualizes as echogenic lines in the cervical 
canal, and the sonographer continues to maintain the 
catheter tip in clear view to help guide the physician 
to advance the catheter tip toward the fundus of the 
uterus and expel the embryos into the cavity. If baseline 
sonography or prior sonohysterogram have identifi ed 
this patient as potentially diffi cult, then a trial run (i.e., 
a mock procedure) without embryos prior to the sched-
uled IVF-ET procedure helps determine the best path 
for the transfer catheter. 6  

 Aspiration of Follicles Following Controlled 
Hyperstimulation of Ovaries 

 Follicle aspiration procedures occur in a surgical 
suite. Sonography plays an important role in the real-
time guidance for retrieval of oocytes by aspiration 
of hyperstimulated ovarian follicles. Aspiration of the 
oocyte occurs when a suffi cient number of follicles 
reach an optimum size in the hyperstimulated ova-
ries with real-time sonographic guidance of the bi-
opsy needle. Most endovaginal transducers have ster-
ilizable biopsy guides, which fi x to the transducer. 
A double dotted line representing the path of the bi-
opsy guide refl ects onto the monitor by the software 
program of the machine. Needles of an appropriate 
gauge pass through the guide along or between the 
superimposed dotted guidelines on the monitor. Cen-
timeter lines indicate depth and allow for an estimate 
of needle depth penetration along the biopsy guide-
line. Aspirating needles have sonographically marked 
tips to help with visualization. The needle connects 
directly to a pump device by intravenous fl uid tubing 
for oocyte retrieval or to a syringe for fl uid collec-
tion and fl ushing. Place the needle through the guide, 
which fastens directly to the transducer. The position 
of the entire length of the needle remains within the 
scanning plane, under direct visualization. 

 Movement of the needle is through manual manipu-
lation or by an automated needle puncture system. In 
the fi rst method, the needle is placed within the guide 
and manually advanced into the area of interest along 
the monitor’s superimposed biopsy lines. The target 
is kept centralized as much as possible between the 
biopsy needle guides. An automated spring-loaded 
needle puncture device fi xed to the shaft of the vagi-
nal transducer may be used. Precise depth of penetra-
tion can be programmed using the same linear biopsy 
monitor guide. The advantage with this technique is 
that because of the force with which the needle is di-
rected into the target, a thinner needle can be used, 
minimizing tissue trauma and pain. Separate vaginal 
punctures for each target are a main disadvantage 
of this procedure. The manual technique allows for 
a single vaginal entry, with change in angulations in 
the transducer and needle about that point, facilitat-
ing targeting and aspiration of multiple areas, as is es-
sential for oocyte retrieval. Occasionally, transuterine 
puncture is necessary to access an ovary. The patient 
may experience some discomfort with the aspiration 
of oocytes, 

 Sonographically Guided Embryo Transfer 

 Embryo transfer is performed in an outpatient setting 
in a lab situated adjacent to an embryology laboratory. 
Transabdominal sonography can be used routinely for 
real-time guidance of transcervical embryo transfer 
(Fig. 12-27). 6,12,48  However, there is controversy as to the 
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 Figure 12-34.  A:  Early gestation shows a gestational sac, and a yolk 
sac but no fetal pole.  YS,  yolk sac.  B:  A fetal pole with heartbeat 
is demonstrated in this gestation 4 weeks postembryo transfer. (Im-
ages courtesy of The George Washington University Hospital, Wash-
ington, DC.) 

A

B

 Figure 12-35. Crown rump length (CRL) measurement of an 11-week 
singleton gestation. Note the thin amnion  (arrows)  surrounding the 
embryo.  R,  rhombencephalon. Image courtesy of The George Wash-
ington University Hospital, Washington, DC. 

 Endovaginal Sonogram to Detect Viable Gestation 

 Endovaginal sonography routinely aids in detection of 
the early gestation. A gestational sac is visualized by 
5 weeks after a woman’s last menstrual period (i.e., it 
can be visualized as early as 3 weeks after egg retrieval/
fertilization). If the gestation is viable, a yolk sac 

(Fig. 12-34a) can be seen within the gestational sac by 
5.5 weeks, and a fetus with heartbeat (Fig. 12-34b) can 
be seen by 6.5 weeks since the last menstrual period. 

 Multifetal Reduction 

 The goal of ART is to help couples have children. Yet a 
complication of ART procedures is that treatment can 
result in gestations of too many fetuses, compromis-
ing the viability of the entire pregnancy. To preserve 
the pregnancy, couples with three or more fetuses 
may elect for selective or multifetal reduction. So-
nography guides the reductive procedure. With sono-
graphic guidance, a physician injects saline into one 
or more of the gestational sacs, selectively aborting 
particular sacs while preserving the rest of the gesta-
tion. The embryo targeted for reduction depends on 
the ease of access and asymmetry of growth. 

 Sonography for Continued Assessment of the 
Ongoing Gestation to Term 

 Obstetric sonography is routinely performed for ongo-
ing (Fig. 12-35) imaging and evaluation of the gestation. 
Although briefl y mentioned here, it is not elaborated on 
since it is covered in several other chapters. 

 PART II: CONTRACEPTION AND ELECTIVE ABORTION 
 This section describes the role of sonography in inter-
ventions designed to control pregnancy. This part of the 
chapter covers these topic. 

 THE ROLE OF SONOGRAPHY 
IN CONTRACEPTION 

 The concept of IUCDs for use in preventing pregnancy 
in animals dates back as far as 3,000 years. IUCD use in 
women began more recently, in the early 20th century. 53  

Popularity of IUCDs increased in the 1960s and 1970s, 
abated for a while, and has shown signs of an increase 
in recent years. 

 Reversible Contraception 
 Two types of IUCDs currently marketed in the United 
States allow reversible contraception. These are the 
ParaGard© (Copper) IUCD and the Mirena© levonor-
gestrel-releasing IUCD. However, it is important that 
sonographers be familiar with additional devices, as 
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In addition to its use in contraception, the hormone-
releasing Mirena is also prescribed for menorrhagia. 53  
The steady release of microdoses of levonorgestrel 
within the uterus creates an endometrium that is hos-
tile to implantation and cervical mucus that is too thick 
to permit sperm entry into the uterus. The 32-mm ver-
tical and horizontal stems of the more recent versions 
of the Mirena IUCD are visible sonographically, though 
in earlier versions sonographers had diffi culty seeing 
much more than the tips on sonograms. 

 IUCDs that were in use in the latter half of the 20th 
century in the United States included both inert and 
copper-containing devices. They are well visualized 
by plain fi lm radiography when trying to fi nd an IUCD 
that has migrated from the uterus or by sonography if 
there is a suspicion that it is malpositioned but within 
the uterus. A spiral-shaped device known as the Lippes 
Loop, a coil-shaped one named the Saf-T coil, and a 
ring-shaped one named the Dalkon Shield were inert 
devices that mechanically interfered with implanta-
tion of the conceptus (Figs. 12-38 and 12-39). Copper- 
releasing IUCDs shaped like the number 7 or the letter 
T were devices that had both a mechanical as well as a 
chemical contraceptive action. Though no longer mar-
keted in the United States, one of these may be seen in 
a patient who had it inserted in the past. It should also 
be noted that there is a ring-shaped (Fig. 12-40) IUCD 
not marketed in the United States but widely used to 
date in China. 

 The string, attached to the tailpiece, extends through 
the cervix and can be used to locate the normally func-
tioning IUCD. However, the string may retract into the 
uterus or break at the time of an attempted removal. 
Sonography has replaced the standard radiograph in 
assessing such cases, permitting easy identifi cation of 
the IUCD’s location as long as it is within the uterus. 
Sonography also assesses evidence of perforation, 

patients may present to a sonography lab for evaluation 
of complications. 

 The ParaGard and the Mirena devices are both 
T-shaped (Fig. 12-36). The ParaGard is made of plastic 
coated in copper, which has a contraceptive action 
that—while not fully understood—is thought to af-
fect the contractile action of the myometrium 54  and 
thus prevent pregnancy. The copper may also act as an 
irritant to the endometrium and possibly has an ovi-
cidal action. 53  The ParaGard IUCD lasts up to 10 years. 
It is well visualized by sonography as highly refl ective 
intracavitary linear echoes (Fig. 12-37), with a rever-
beration artifact that draws attention to the IUCD. 

 The Mirena IUCD, on the other hand, releases the 
synthetic hormone levonorgestrel and lasts for 5 years. 

 Figure 12-36. Schematic diagram of female reproductive organs 
with intrauterine device in place in uterus. 

A B
 Figure 12-37.  A:  A dual image of an IUCD  (arrows)  with the sagittal (left image) and transverse (right image). Characteristic shadowing  (open 
arrows)  images posterior to the IUCD.  B:  3D rendering of a T-shaped IUCD. (Sonographic image courtesy of GE Healthcare, Wauwatosa, WI.) 
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the device is no longer within the uterus. It had been 
considered that sonography was rarely of use in local-
izing an IUCD that had migrated from the uterus, but 
case reports do show that endovaginal sonography can 
visualize the IUCD outside the uterus. Correlative imag-
ing with MRI or CT and plain fi lm radiographs helps in 
these cases, however. Penetration of the IUCD through 
the uterus and migration to the colon, 55  to an ovarian 
carcinoma, 56  and to other 57  locations in the abdomino-
pelvic cavity have been reported. Immediate removal is 
necessary to prevent further complications. 

 3D and 4D sonography are well suited to assessing 
the proper placement of the IUCD within the endome-
trial cavity. 58  Real-time 3D (i.e., 4D) imaging lends itself 
to a more speedy examination than it would take to 
perform offl ine reconstruction of 3D data. The coronal 
view is readily accessed in real time (i.e., 4D sonogra-
phy), making it easier to assess the relationship of the 
IUCD to the endometrium and to see if the myome-
trium is penetrated. 3D volume imaging also enables 
the sonographer to visualize the location of the string 
(Fig. 12-41). 

 Irreversible Contraception: 
The Essure© Device 
 To achieve irreversible birth control, women now have 
access to an intervention that prevents pregnancy by 
permanent bilateral occlusion of their fallopian tubes. 
This occurs when placing Essure microinsert coils into 
the cornual portion of the fallopian tubes, stimulat-
ing tissue growth over them. Over the period of 3 to 
6 months, tissue growth around these coils effectively 
occludes the fallopian tube, resulting in irreversible 
contraception. In 2002, the Food and Drug Association 
(FDA) approved this form of permanent birth control 
in the United States. 59  Current protocol in the United 
States advocates the use of hysterosalpingography 

malpositioning within the uterine cavity, embedding in 
the myometrium, or incomplete removal. Diffi cult re-
movals due to shifts in IUCD positioning in the uterus 
or its embedding can be anticipated, and removal can 
be guided with sonography. 

 Expulsion or partial expulsion of the IUCD from the 
uterine cavity with resultant embedding of a portion of 
the IUCD device, especially the stem, can occur without 
the user being aware. Absence of the string or strong 
cramping pelvic pain indicates a need for sonographic 
evaluation. Identifi cation of uterine perforation, though 
usually occurring at the time of insertion, is rarely iden-
tifi ed until later. Endovaginal sonography can tell that 

 Figure 12-39. 3D reconstruction image. Coronal plane of the uterus 
showing the Lippes Loop intrauterine device. (Wilson M, and Whyte-
Evans J. Use of volume imaging in the evaluation of intrauterine 
contraceptive devices placed within the endometrium.  Journal of 
Diagnostic Medical Sonography,  2009; 25: p. 39. Reprinted by per-
mission of SAGE Publications.) 

 Figure 12-40. Coronal plane (from 3D volume set) of the uterus 
showing the Chinese ring intrauterine device. (Wilson M, and Whyte-
Evans J. Use of volume imaging in the evaluation of intrauterine 
contraceptive devices placed within the endometrium.  Journal of 
Diagnostic Medical Sonography,  2009; 25: p. 39. Reprinted by per-
mission of SAGE Publications.) 

 Figure 12-38. Different shapes of intrauterine contraceptive devic-
es marketed in the United States over the years. Clockwise from top: 
Lippes loop, Dalkon Shield, Copper T, and Copper 7. 
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makes the exam fast and effective, as it reduces the 
need for the postprocessing that can be time consum-
ing with 3D reconstruction. The authors performed so-
nographic screening soon after the procedure for early 
detection of malposition (See fi gure 12-43). 60  

 Pregnancy and Intrauterine Devices 
 Pregnancy in the presence of an IUCD poses many se-
rious problems. Removal is recommended if it can be 
accomplished without signifi cant uterine manipulation. 
Complications of allowing the IUCD to remain in the uter-
us include spontaneous abortion, sepsis, premature de-
livery, and maternal death. Removal early in pregnancy 
decreases the miscarriage rate. Sonography is essential in 
locating the device in relation to the ongoing gestation. 

rather than sonography for the routine 3-month follow-
up on the procedure. Literature reports on the value of 
using 3D and 4D endovaginal sonographic screening 
after 1 month, or at the patient’s fi rst offi ce visit to 
her health care practitioner. 60  This early screening can 
verify proper positioning of the coils. Authors report 
that most patients require no additional evaluation un-
less the coils are malpositioned. One of the pathways 
of coil migration is to the fallopian tubes. The authors 
contend that, if done by experienced sonographers, the 
use of real-time 3D sonography provides access to the 
coronal view and to any additional plane that helps in-
stantaneously visualize the microinsert within the cor-
nu, and the proximity of the coil to the endometrium 
(Fig. 12-42). The use of real-time 3D (i.e., 4D) imaging 
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 Figure 12-41.  A:  Transverse plane of the uterus in which the cross 
bars of the IUCD are extending into the myometrium  (red arrow).  
 B:  Note that in this patient, the cross bars are within the endometrium. 
 C:  In this patient, the string is visualized within the cervix. (Wilson M, 
and Whyte-Evans J. Use of volume imaging in the evaluation of intra-
uterine contraceptive devices placed within the endometrium.  Journal 
of Diagnostic Medical Sonography,  2009; 25: p. 41. Reprinted by per-
mission of SAGE Publications.) 
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(e.g., monogamous as opposed to multiple partners). 
Endovaginal as well as transabdominal sonography 
may be of use in the diagnosis. Suspicion of pelvic in-
fection  [indicates  or  should lead to]  immediate removal 
of the IUCD. 

 ELECTIVE ABORTION 

 When a patient has made a decision to undergo an elec-
tive abortion, sonography can be useful in clinical man-
agement before, during, and after the procedure. 

 Preoperative Evaluation :  Use of sonography establish-
es gestational age before an abortion procedure when 
there is any discrepancy between menstrual dates 
(from last menstrual period) and physical examina-
tion. A uterus larger than expected could suggest the 
presence of a leiomyoma, congenital anomalies of the 
uterus, adnexal cysts, multiple gestations, hydatidiform 
mole, a date discrepancy, or possibly no pregnancy at 
all. To help defi ne the true clinical situation, simulta-
neous quantitative beta-hCG pregnancy testing and so-
nography become necessary. 

 Intraoperative Sonographic Guidance :  Indications for 
sonographic guidance of an elective abortion include 
congenital anomaly of the uterus and cervical abnor-
malities. Placement of the suction cannula with sono-
graphic direction permits the operator to be certain of 
reaching the chorionic sac while avoiding injury or per-
foration. Guidance should be applied when there is any 
concern on the part of the operator that the procedure 
was not complete (e.g., absence of villi in the curet-
tings suggestive of an incomplete procedure, congenital 
anomaly of the uterus, or ectopic pregnancy). 

 Postoperative Sonography:   When, after dilatation 
and evacuation, a patient complains of immediate or 
delayed severe pain or bleeding, sonography can be 
particularly useful in identifying retained products of 
conception. This fi nding may indicate a need to repeat 
the surgical procedure. The presence of any highly 
echogenic mass within the endometrial cavity with the 
history of a recent miscarriage or therapeutic abortion 
should raise this concern. 
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 SUMMARY 
 • Ovarian follicles 10 mm or less usually become atretic 

 • The mean diameter of a dominant follicle is between 
15 and 25 mm 

 Although there is no increase in the incidence of ec-
topic pregnancy with IUCD use, a high percentage of 
pregnancies that occur in patients with an IUCD are 
ectopic. Vaginal bleeding with an IUCD and a suspected 
pregnancy must be aggressively evaluated by sonogra-
phy and pregnancy testing. 

 Questions with regard to associated pelvic infec-
tion with the IUCD have been the major deterrent to 
its more widespread use. Although many believe that 
the risk and incidence of PID are increased with IUCD 
use, evidence is confounded by the general increase in 
the incidence of PID and differences in occurrence rates 
with different devices and within different relationships 

 Figure 12-42. Multiplanar reconstruction view of a 3D endovaginal 
sonogram demonstrating both Essure microinserts  (white arrows)  in 
relationship to the endometrium  (red arrow).  (Oliveira M, Johnson D, 
Switalksi P., et al. Optimal Use of 3D and 4D transvaginal sonography 
in localizing the Essure contraceptive device.  Journal of Diagnostic 
Medical Sonography  2009;25:3 p.165. Reprinted by permission of 
SAGE Publications.) 

 Figure 12-43. Malpositioned Essure microinsert coil. 3D volume 
rendered view of an endovaginal sonogram demonstrates one Es-
sure microinsert coil  (white arrow)  properly aligned within the left 
cornu. The thicker yellow arrow demonstrates the absence of any mi-
croinsert coil in the right cornu. The thin red arrow points to the en-
dometrium. (Oliveira M, Johnson D, Switalksi P., et al. Optimal Use of 
3D and 4D transvaginal sonography in localizing the Essure contra-
ceptive device.  Journal of Diagnostic Medical Sonography  2009;25:3 
p.166. Reprinted by permission of SAGE Publications.) 
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 A patient who presents to the diagnostic imaging depart-
ment complains of pelvic pain. She has been undergoing 
infertility treatment for infertility with gonadotropins for 
COH. List additional views you would obtain in addition to 
the routine pelvic sonographic examination. Explain the so-
nographic fi ndings seen in these images (Figure 12-44A-E). 

  ANSWER : OHSS has the possibility of develop-
ing ovarian torsion, ascites, and pleural effusion. 
Doppler, both color and spectral, helps identify 
or rule out the torsed ovary. Images of the pleural 
bases determine the presence or absence of pleural 
effusion. 

 Critical Thinking Question 

A B

C D

E

(continued)

Figure 12-44.
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 • BAFC relates to both ovarian volume and ovarian 
response 

 • Asynchronous ovarian and uterine cycles are due to 
estradiol peak, LH surge, and ovarian follicle growth 
mismatches 

 • PCOS, endometriosis, LUF, dermoids, and hemorrhagic 
or complex ovarian cysts are causes of infertility 

 • The normal endometrial thickness for a woman in 
her reproductive years is between 3 and 14 mm 

 • Spectral Doppler PI of the uterine artery of 3 to 3.5 
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 • Sonographic follicular monitoring begins on treat-
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prevent pregnancy 
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  13  The Use of Ultrasound in the 
First Trimester 
 Paula Woletz 

 KEY TERMS 

 amnion  |  chorion  |  crown-rump length  |  estimated date of delivery (EDD)  |  gestational 
age  |  mean sac diameter (MSD)  |  nuchal translucency (NT)  |  umbilical vesicle  |  yolk sac 

 OBJECTIVES 

 Discuss gamete formation, fertilization, placenta development, and early development 
of the zygote

Recognize normal sonographic fi ndings in fi rst-trimester pregnancies 

 Describe sonographic methods of determining gestational age in the fi rst trimester 

 Explain the safe use of ultrasound during early pregnancy 

last menstrual period; also called estimated date of 
confi nement (EDC) 

 Decidualization Changes in the endometrium to allow 
implantation of a blastocyst. 

 Estrogen Group of hormones, primarily produced in 
the ovaries, which affect secondary sex characteristics 
and the menstrual cycle 

 Fertilization Penetration of an oocyte by a sperm to 
form a diploid zygote 

 Follicle-stimulating hormone (FSH) Hormone pro-
duced in the anterior pituitary, which stimulates the 
maturation of ovarian follicles 

 Gamete Haploid cell that, when merged with a gamete 
from the opposite sex, creates a diploid zygote 

 Gestational age (GA, a.k.a. menstrual age)  Duration 
of pregnancy, counted from the fi rst day of the last men-
strual period, expressed in weeks and days or  fractions 
of weeks. A pregnancy typically lasts about 280 days, or 
40 weeks, counted from the fi rst day of the last  menstrual 
period, and is commonly divided into three trimesters: 

   First trimester:  0 days (fi rst day of last menstrual 
period) to the end of the 13th week 

   Second trimester:  14 weeks to the end of the 
27th week 

  Third trimester:  28 weeks to delivery 

 GLOSSARY 

 Acrosome Area located in the head of the sperm 
 containing enzymes to aid in penetration of the 
 oocyte 

 Amnion Membrane enclosing the amniotic cavity and 
embryo or fetus 

 Aneuploidy Abnormal number of chromosomes 

 Blastocyst Early gestation consisting of a thin outer 
layer of cells (trophoblast), a fl uid-fi lled cavity, and an 
inner cell mass (embryoblast) 

 Chorion Membrane around the chorionic cavity, made 
up of trophoblast cells and extraembryonic mesoderm 

 Chorionic villi Budlike outward growths from the 
 trophoblast, some of which give rise to the fetal portion 
of the placenta 

 Conceptual age Duration of pregnancy, counted from 
fertilization (conception), expressed in hours or days. 
Also called embryonic age or postovulatory age 

 Conceptus Product of fertilization, including all stages 
from zygote to fetus 

 Corpus luteum Progesterone-secreting structure 
formed by a follicle after releasing its oocyte 

 Crown-rump length (CRL) Measurement of the longest 
axis of an embryo to determine gestational age 

 Estimated date of delivery (EDD) Due date, cal-
culated by adding 280 days to the fi rst day of the 
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from gamete formation and ovulation through the 
 beginning of fetal development. 

 GAMETE FORMATION 
 Most human cells are called diploid, because they con-
tain two sets of chromosomes, 23 of which originally 
came from the individual’s mother, and 23 from the 
father. New cells form through a process of duplication 
and division called mitosis, which results in two cells 
with the same number of chromosomes as the cell from 
which they originate. 

 A different process, meiosis, reduces the number of 
chromosomes, resulting in haploid cells containing a 
single set of 23 chromosomes. These haploid cells are 
gametes. Male gametes are called spermatozoa (singu-
lar: spermatozoon) or sperm, and female gametes are 
called ova (singular: ovum) or oocytes. 

 The male begins to produce mature sperm around 
the onset of puberty, and sperm production continues 
throughout adult life. Sperm development occurs in the 
seminiferous tubules of the testes. The haploid sperm 
are stored in the epididymis, where they complete their 
maturation. Each mature sperm cell has a head and a 
tail. The head contains the cell nucleus and is topped 
with a hatlike acrosome with enzymes capable of pen-
etrating the outer layer of an ovum. The tail contains 

 The birth of a healthy, normal baby is the result of 
processes that began long before conception. Since 
the time fertilization occurs is rarely known, a clini-
cally diagnosed pregnancy is generally dated from the 
fi rst day of the woman’s last normal menstrual period, 
approximately 2 weeks before she was truly pregnant. 
Pregnancy typically lasts about 280 days, or 40 weeks, 
from the fi rst day of the last menstrual period (LMP) 
and is divided into three trimesters. 

 During the fi rst trimester of pregnancy, a single cell 
with genetic components derived from its mother and 
father develops into a complex organism. When these 
dramatic changes are occurring, the embryo or young 
fetus is particularly susceptible to physical and chemi-
cal insults that can disrupt its development. Most 
spontaneous losses occur during the fi rst 12 weeks of 
pregnancy. 

 The most pressing concern in the sonographic 
evaluation of the early pregnancy remains the de-
termination of where implantation has occurred, the 
 gestational age and estimated date of delivery (EDD), 
and whether the pregnancy is likely to continue 
to term. Increasingly, sonographers help determine 
whether the pregnancy is normal in appearance or if 
the embryo is at risk for structural or  chromosomal 
abnormalities. To that end, the practitioner must 
have an understanding of the processes that occur 

four numbers: the fi rst is the number of term deliveries, 
the second is the number of preterm deliveries (usually 
after 24 weeks’ gestational age), the third is the number 
of other pregnancies and  includes both spontaneous 
and therapeutic abortions, and the fourth number is the 
woman’s living children. 

 Pregnancy-associated plasma protein A  (PAPP-A) 
Protein produced by the trophoblasts; abnormal levels 
of PAPP-A may be associated with an increased risk of 
chromosomal abnormalities 

 Progesterone Hormone produced by the corpus 
 luteum and the placenta 

 Spermatozoon (plural: spermatozoa) Male gamete 

 Umbilical vesicle (a.k.a. yolk sac) Structure within 
the cavity of the blastocyst, which provides nourish-
ment to the embryo and produces its fi rst blood cells; 
the  secondary umbilical vesicle (yolk sac) is the fi rst 
structure to be sonographically identifi ed within the 
gestational sac 

 Yolk sac (a.k.a. umbilical vesicle) Structure within 
the cavity of the blastocyst, which provides nourish-
ment to the embryo and produces its fi rst blood cells. 
The secondary umbilical vesicle (yolk sac) is the fi rst 
structure to be sonographically identifi ed within the 
gestational sac 

 Zygote Single cell resulting from the fusion of two 
gametes 

 Gestational sac First sonographic evidence of an intra-
uterine pregnancy, the fl uid-fi lled blastocyst 

 Gravidity Number of times a woman has been 
 pregnant 

 Human chorionic gonadotropin (hCG) Hormone 
produced by trophoblast cells of the blastocyst, which 
extends the life of the corpus luteum in the ovary; most 
pregnancy tests are based on detection of hCG 

 Last menstrual period (LMP) First day of last men-
strual period 

 Luteinizing hormone (LH) Hormone produced in 
the anterior pituitary, which triggers ovulation in 
females 

 Mean sac diameter (MSD) Average diameter of the 
gestational sac, used to determine gestational age 

 Morula Solid cluster of undifferentiated cells formed by 
repeated cleavage of the single cell that resulted from 
the fusion of two gametes 

 Nuchal translucency (NT) Subcutaneous fl uid in the 
posterior region of the neck of embryos and fetuses up 
to 14 weeks’ gestational age; abnormally large NTs have 
been associated with a  higher risk of  chromosomal and 
structural  abnormalities 

 Oocyte Female gamete; also called ovum or egg 

 Parity Summary of a woman’s pregnancy outcomes. 
The most common description of parity is expressed in 
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about 4 days after fertilization. Once in the uterus, it is 
nourished by secretions from the endometrial glands. 
These secretions cross the zona pellucida and enter the 
morula, forming a fl uid-fi lled cavity. The structure is 
now called a blastocyst and has three distinct parts: 

 • The trophoblast, the thin outer layer of cells, part 
of which will give rise to the embryonic portion of 
the placenta 

 • The fl uid-fi lled blastocystic cavity or blastocele 
 • An inner cell mass or embryoblast, which will 

 develop into the embryo 
 Implantation has not yet occurred (Fig. 13-2). 
 The zona pellucida disintegrates, making implanta-

tion possible. No longer confi ned to the limited space 
within the zona pellucida, the blastocyst begins to 
grow. However, normal implantation cannot occur un-
less the blastocyst meets a receptive endometrium. 1,2  

 The human endometrium constantly undergoes cycli-
cal changes throughout a woman’s reproductive years. 
The endometrium has two layers: a thin basal layer ad-
jacent to the myometrium and a functional layer of con-
nective tissue (stroma), glands, and capillaries, which 
are covered by a thin layer of epithelial cells. Initial 
growth of the endometrium is controlled by rising levels 
of estrogen. After ovulation, the corpus luteum produces 
progesterone, which causes differentiation (decidualiza-
tion) of the endometrial cells, allowing implantation to 
occur. 3  The period during which the endometrium is 
able to receive the blastocyst is called the implantation 
window, and it begins 6 to 8 days  after ovulation and 
lasts approximately 4 days. If estrogen and progester-
one levels drop, the functional layer of  endometrium is 
shed (menstruation), but the basal layer remains intact, 

mitochondria to power the whiplike motion that creates 
sperm motility. 

 When ejaculation occurs during sexual intercourse, 
spermatozoa and fl uid produced in the seminal vesicles, 
prostate, and bulbourethral glands are pumped through 
the urethra of the penis and deposited in the vagina at the 
external os of the cervix. Hundreds of millions of sperm 
are released in a single ejaculation, but only a small per-
centage of them successfully reach the portion of the 
 fallopian tube where fertilization most commonly occurs. 1  

 In females, the ovaries and all their rudimentary fol-
licles form long before birth. Within each follicle, there 
is an immature oocyte surrounded by a layer of follicular 
cells. At puberty, under the infl uence of follicle- stimulating 
hormone (FSH) produced in the pituitary gland, the fol-
licles mature and begin to fi ll with fl uid. The oocyte is not 
in direct contact with the fl uid; it remains surrounded by 
follicular cells, which produce estrogen. The rising level 
of estrogen eventually causes the pituitary to release lu-
teinizing hormone (LH), which  triggers ovulation—the 
release of the ovum. In general, only a single follicle ma-
tures and releases an ovum at a time. The haploid oocyte 
has undergone the fi rst stage and part of the second stage 
of meiosis and is surrounded by a membrane containing 
glycoproteins (the zona pellucida) and a cloudlike cluster 
of follicular cells (corona radiata). The second stage of 
meiosis is not complete at the time of ovulation. 1  

 The moving, fi mbriated ends of the fallopian tube 
help direct the ovum into the tube, and cilia and contrac-
tions of the walls of the tube help propel it toward the 
uterus. Meanwhile, the ruptured follicle fi lls with a vari-
able amount of blood, and its walls  involute,  thicken, 
and begin to secrete progesterone. The  ruptured follicle 
is now called a corpus luteum. 

 FERTILIZATION AND IMPLANTATION 
 Fertilization usually occurs in the ampullary portion of the 
fallopian tube, 24 to 36 hours after ovulation, when the 
zona pellucida is penetrated by a single sperm. Penetration 
by the sperm causes a change in the chemical composi-
tion of the zona pellucida, so no other sperm can enter the 
ovum. Penetration by the sperm also activates the comple-
tion of the second meiotic division of the ovum, forming 
a mature oocyte. Once inside the ovum, the sperm loses 
its tail and its nucleus enlarges. The genetic contents of 
the sperm merge with those of the ovum to form a single 
diploid cell—the conceptus or zygote (Fig. 13-1). 1  

 Cleavage, the rapid division of cells, begins 24 to 
30 hours after fertilization. With each division, the 
number of cells increases while the size of the cells 
becomes smaller and smaller. The developing zygote 
continues to move through the fallopian tube. 

 Still surrounded and protected by the zona pellucida, 
the cells continue to divide, forming a solid cluster of 
cells. This ball of cells, the morula, continues its passage 
through the fallopian tube and reaches the uterine cavity 

Sperm

Egg (ovum)

Fertilized egg
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22X

22X

44XY
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Figure 13-1 Inheritance of gender and the normal diploid chromo-
some count. Each ovum contains 22 autosomes and an X chromo-
some. Each spermatozoon (sperm) contains 22 autosomes and  either 
an X chromosome or a Y chromosome; upon fusion of the genetic 
material, the normal diploid chromosome count results. The sex of the 
zygote is determined at the time of fertilization by the combination of 
the sex chromosomes of the sperm (either X or Y) and the ovum (X).
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extends the life of the corpus luteum. The corpus lu-
teum continues to secrete progesterone for several more 
weeks, preventing the uterus from shedding its endo-
metrial lining and the rapidly developing products of 
conception. 

 The syncytiotrophoblast proliferates, excreting en-
zymes that erode the endometrial surface and allow 
the blastocyst to bury itself within the endometrium. 
The opening it created seals with a blood clot (fi brin 
 coagulum) (Fig. 13-3). 1  

allowing regeneration of the functional layer in the next 
menstrual cycle. If pregnancy occurs, the endometrium 
remains decidualized and is now called decidua. 2,4–6  

 Successful implantation commonly occurs about 
6 days after fertilization, when the blastocyst mass at-
taches to the endometrium. The trophoblast cells over 
the inner cell mass differentiate into two layers: an in-
ner cytotrophoblast and an outer mass called the syn-
cytiotrophoblast. The syncytiotrophoblast produces the 
hormone human chorionic gonadotropin (hCG), which 

Day 6

Implantation of
blastocyst (Day 7)

Blastocyst
(Day 4-5)

Four-cell stage
(Day 2)

Two-cell stage
(30 hours)

Zygote
(24 hours)

Fertilization

Ovulation

Figure 13-2 After an ovum has 
been fertilized, it takes about 6 
days to reach the lining of the uter-
us where it becomes implanted. 
Various stages of cellular division 
are taking place during this time.

Figure 13-3 A 9-day human blastocyst. The 
syncytiotrophoblast shows a large number 
of lacunae. Flat cells form the exocoelomic 
membrane. The bilaminar germ disc con-
sists of a layer of columnar epiblast cells 
and a layer of cuboidal hypoblast cells. The 
original surface defect is closed by a fi brin 
coagulum.
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 Decidualized endometrium has three distinct layers 
defi ned by their relationship to the blastocyst. At the 
point of attachment by the blastocyst, the decidua ba-
salis contributes the maternal portion of the placenta. 
The decidua capsularis closes over and surrounds the 
burrowing blastocyst. The decidua parietalis, or decid-
ua vera, lines the remainder of the endometrial cavity 
(Fig. 13-4). 

 EARLY DEVELOPMENT OF THE 
CONCEPTUS 

 The blastocyst’s inner cell mass differentiates into two 
layers: a thick epiblast adjacent to the trophoblast and 
a thin hypoblast facing the blastocele. 

 Fluid from the maternal decidua begins to collect 
within the epiblast, creating the amniotic cavity. Spe-
cialized cells from the epiblast form the amnion, a 
membrane around the fl uid. The cells of the amnion 
begin to produce amniotic fl uid. 

 Cells of the hypoblast and adjoining cells lining the 
exocoelomic cavity form the primary umbilical vesicle, 
commonly known as the primary yolk sac. Cells from 
the vesicle wall form a layer of extraembryonic meso-
derm between the vesicle and the cytotrophoblast. 7  

 The primary umbilical vesicle gets smaller and is 
lined by extraembryonic endoderm cells formed by the 
hypoblast. It is now called the secondary umbilical vesi-
cle or yolk sac (Fig. 13-5). The secondary yolk sac is the 
fi rst structure that can be sonographically visualized 
within the gestational sac. 8  A slender connection, the 
vitelline duct, eventually connects the umbilical vesicle 
to the embryonic midgut. 

 The umbilical vesicle provides nourishment to the 
conceptus and produces the embryo’s fi rst blood cells. 
These blood cells are carried to and from the embryo 
via the umbilical vesicle’s vitelline veins and arteries. 
An extension of the umbilical vesicle, the allantois, pro-
trudes into the connecting stalk, forming the urachus. 
The blood vessels of the allantois become the umbilical 
arteries. 7,9  

 Eventually, the yolk sac becomes part of the embry-
onic gut. Its cells contribute to the development of di-
gestive, respiratory, and urogenital systems of the fetus. 

 Within the growing extraembryonic mesoderm, 
fl uid spaces form and coalesce to create the chorionic 
cavity. The chorion, which surrounds the chorionic 
cavity, is made up of fused mesoderm and trophoblast 
cells. The umbilical vesicle and the amnion are within 
the chorionic cavity, connected to the chorion by a 
stalk. The chorionic sac, also known as the gestational 
sac, is the fi rst sonographic evidence of an intrauterine 
pregnancy. 

 Within the epiblast of the inner cell mass, a line of 
cells thickens to form a primitive streak. Some cells of 
the primitive streak become the embryonic mesoderm. 
Cells from both the primitive streak and the epiblast 

Figure 13-4 Implantation of an early embryo. A: The  blastocyst 
attaches to and begins to embed itself into the decidua. The 
 blastocyst is too small to be sonographically identifi ed at this time. 
B: The blastocyst is now embedded in a layer of decidua. The 
point of deepest attachment, where the trophoblasts proliferate, 
is the decidua basalis. Decidua capsularis surrounds the rest of the 
 blastocyst.  Decidua parietalis is on the opposite side of the uterine 
 cavity. A small  gestational sac, actually the chorionic cavity, may 
now be visualized. C: As the gestational sac grows, the contour 
of the decidua capsularis distorts the uterine cavity. The decidua 
capsularis and the decidua parietalis create the double decidual 
sac sign.
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fi lls the chorionic cavity, and the amnion and chorion 
fuse. The amnion covers the umbilical cord, which de-
velops within the cavity. 

 The embryonic endoderm, mesoderm, and ecto-
derm continue to differentiate, and by the end of the 
eighth week after conception (almost 11 weeks’ men-
strual/gestational age), the embryo has developed the 
 rudimentary forms of all of its organs and structures. 

form embryonic endoderm, and the remainder of the 
epiblast becomes embryonic ectoderm. The embryonic 
disc now contains the three germ cell layers from which 
all future organs and tissues are derived. 7,10  

 During the embryonic period, the once-fl at embryon-
ic disc folds and further differentiates, and the amniotic 
cavity expands at the expense of the chorionic cavity 
(Fig. 13-6). Eventually the amniotic cavity completely 

Connecting
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Chorionic
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Definitive
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Figure 13-5 Presomite embryo and the tro-
phoblast at the end of the third week. Tertiary 
and secondary stem villi give the trophoblast 
a characteristic radial appearance. Intervillous 
spaces, which are found throughout the thro-
phoblast, are lined with syncytium. Cytotropho-
blastic cells surround the trophoblast and are 
in direct contact with the endometrium. The 
connecting stalk suspends the embryo in the 
chorionic cavity.

Figure 13-6 A: A 5-week embryo showing 
structures passing through the primitive um-
bilical ring. B: The primitive umbilical cord 
of a 10-week embryo. C: Transverse section 
through the structures at the level of the um-
bilical ring. D: Transverse section through the 
primitive umbilical cord showing intestinal 
loops protruding in the cord.
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hormones, pregnancy tests rely on identifying the  �  
subunit, commonly called  � -hCG. 13  The  �  subunit is 
usually part of the intact hCG molecule, but it can also 
be detected by itself. When the  �  subunit is found unat-
tached to the  �  subunit, it is called “free  � -hCG.” 14  

 Urine tests are qualitative; that is, they are negative 
if  � -hCG levels are less than what is seen in men and 
nonpregnant women and positive if the level meets or 
exceeds that threshold. Although quantitative and semi-
quantitative urine  � -hCG tests are under investigation, 
they are not available in the United States at this time. 15–17  

 Currently available quantitative pregnancy tests mea-
sure the level of  � -hCG in maternal serum. In a normal, 
singleton intrauterine pregnancy, the levels rise quickly. 
On average, at a gestational age ranging from 22 days to 
almost 5 weeks, the hCG level more than doubles every 
day and a half. Between 5 and 6 weeks’ gestational age, 
the hCG level doubles every two and a half days on aver-
age. After 6 weeks’ gestational age, the hCG level contin-
ues to rise, but at a slower rate. 18–20  The hCG level reaches 
its peak 8 to 12 weeks after the LMP and then plateaus. 21,22  

 SONOGRAPHIC FINDINGS IN EARLY 
PREGNANCY 
 Because of its microscopic size, the preimplantation 
 development of the conceptus is impossible to  detect 
sonographically. However, as early as 11 days after con-
ception (3 weeks  �  4 days’ gestational age), when the 
blastocyst is completely embedded in  decidua, one may 
follow the central linear interface created by the collapsed 
endometrial cavity between the anterior and posterior 
layers of endometrium (now  decidua) and detect a round 
fl uid collection eccentrically located within an  echogenic 
area adjacent to—not within—the  endometrial cavity 
(Fig.  13-7). This is the intradecidual sign fi rst described 
by Yeh et al. in 1986. 23  The  sonolucent structure is the 

The embryonic period is now complete, and the fetal 
stage, with its rapid growth and maturation of organ 
systems, commences. 10  

 DEVELOPMENT OF THE PLACENTA 
 Chorionic villi (singular: villus) project outward from 
the walls of the blastocyst into the decidua. As the ges-
tational sac grows, the chorionic villi associated with 
the decidua capsularis disappear, leaving smooth cho-
rion laeve. At the point of implantation, however, villi 
continue to grow and proliferate, forming the chorion 
frondosum or villous chorion. The chorion frondosum 
becomes the conceptus’s contribution to the formation 
of the placenta. The erosion from the syncytiotropho-
blast causes areas of decidual bleeding, into which the 
growing villi project. 11  Eventually, the fetal portion of 
the placenta occupies almost all of the decidua basalis, 
leaving only the basal layer intact. 12  

 Fresh maternal blood is continually supplied to the 
spaces between the villi by the endometrial spiral arter-
ies and drained by endometrial veins. Over time,  fetal 
capillaries from branches of the umbilical vein and ar-
teries extend into the villi. The membrane covering the 
villi is thin enough to allow oxygen and nutrients from 
the maternal blood to reach the fetal capillaries and 
 fetal waste products to enter maternal circulation. 

 In addition to producing hCG, the placenta also 
 begins to secrete estrogen and progesterone, replacing 
the hormones that had been synthesized by the no lon-
ger functioning corpus luteum. 11  

 PREGNANCY TESTS 
 The glycoprotein hCG, which consists of  �  and  �  sub-
units, enters the maternal circulation and can be de-
tected in a pregnant woman’s blood and urine. Because 
the  �  subunit is nearly identical to components of other 

Figure 13-7 A: The intradecidual sign. The early gestational sac (GS) is eccentrically located adjacent to the interface created by the collapsed 
endometrial cavity (UC) between the anterior and posterior layers of decidua (D). It is not seen within the endometrial cavity. B: The open arrow 
points to the early gestational sac, which is adjacent to the linear echo of the endometrial cavity (solid arrows).
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chorionic cavity of the blastocyst, and the  sonographic 
term for the sonolucent chorionic cavity seen at this time 
is the gestational sac. The clinical utility of the intradecid-
ual sign has been confi rmed by multiple  studies. 23–25  

 At approximately 7 weeks’ gestational age, as the 
gestational sac grows and distorts the uterine cav-
ity, two layers of decidua (decidua capsularis and 
 decidua parietalis) may be seen surrounding much of 
the  gestational sac. This is called the double sac sign 
(Fig. 13-8). It should be noted that the interface created 
by the collapsed uterine cavity is not found between 
the developing placenta and the decidua basalis. 24,26,27  

 In normal pregnancies, only part of the full depth of 
the decidua basalis is invaded by trophoblasts to become 
the maternal portion of the placenta. Wong et al. have de-
scribed the sonographic appearance of the remaining de-
cidua basalis throughout the fi rst trimester (Fig. 13-9). 12  Figure 13-8 The double decidual sac sign. Two layers of decidua 

can be seen surrounding the gestational sac (arrows).

Figure 13-9 Sonographic appearance of the decidual layer of the uterus in the fi rst trimester. A: Transverse section at 4 weeks’ gestation. The ges-
tational sac is completely embedded in the endometrium. The gestational sac lining appears thicker on the side further away from the uterine cavity 
(arrow), indicating the possible location of the future placenta. B: Longitudinal section at 5 weeks. A uniform echogenic decidual layer (double arrow) 
can be seen around the gestational sac. The placenta (single arrow) can be distinguished from the rest of the gestational sac lining by its thickness. 
The placenta, the decidual layer and the myometrium appear as concentric layers. C: Sagittal section at 6 weeks. A distinct uniform echogenic layer of 
decidua basalis (double arrow) can still be seen between the placenta (arrow) and the myometrium. D: Transverse section at 7 weeks. The decidual layer 
(between the two arrows) appears more heterogeneous in echogenicity. However, its thickness remains uniform around the gestational sac. (continued)
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be identifi ed endovaginally, measuring 2 to 4 mm in 
length. It is fi rst seen as a somewhat straight cluster 
of echoes adjacent to the yolk sac (Fig. 13-12). The 
amniotic cavity is seen between 7 and 8 weeks’ gesta-
tional age. 7,28  The appearance of the small, sonolucent 
amniotic sac, the yolk sac, and the developing embryo 
between them have been described as the “double 
bleb” (Fig. 13-13). 29  

 As noted earlier, the fi rst structure to be seen within 
the chorionic cavity (the gestational sac) is the second-
ary umbilical vesicle (secondary yolk sac) (Figs. 13-5, 
13-10). 28  This appears as a round, anechoic structure 
surrounded by a highly refl ective echogenic ring. It 
is seen endovaginally about 5 weeks after the LMP 
and transabdominally by 6 to 7 weeks post-LMP. At 
5 weeks, the internal yolk sac measurement is ap-
proximately 2.3 mm in diameter. It gradually grows to 
about 5.6 mm by 11 weeks and generally disappears by 
12 weeks’ gestational age. 6,8,28  When its attachment to 
the vitelline duct is visualized, the  appearance is some-
times described as a balloon on a string (Fig. 13-11). 

 By the end of the fi fth week or the beginning of 
the sixth week gestational, the early embryo may 

Figure 13-9 (continued) E,F: Longitudinal sections at 9 weeks. E: On transvaginal ultrasound, a distinct decidual layer could not be identifi ed. 
The placenta appeared to lie next to the myometrium and an interface could be seen. F: In another case, on transabdominal ultrasound, a 
defi nite decidual layer could not be identifi ed. There was an area between the placenta and the myometrium that appeared partly hypoechoic 
and partly isoechoic compared with the placenta. Reprinted from Wong HS, Cheung YK, Taits J. Sonographic study of the decidua basalis in 
the fi rst trimester of pregnancy. Ultrasound in Obstetrics and Gynecology, 2009; 33:634-637, with permission.

Figure 13-10 The yolk sac within an early gestational sac. This is 
actually the secondary yolk sac (secondary umbilical vesicle). Figure 13-11 “Balloon on a string”: the yolk sac and vitelline duct.
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Figure 13-12 An early embryo adjacent to the yolk sac.

Figure 13-13 Double bleb sign. The embryo and small amniotic 
cavity are seen adjacent to the yolk sac.

Figure 13-15 The amnion separates the amniotic cavity from the 
chorionic cavity. The yolk sac is seen within the chorionic cavity, 
which is fi lled with fi ne echoes. The embryo and umbilical cord are 
seen within the amniotic cavity.

Figure 13-14 The head, with its sonolucent rhombencephalon, can 
be distinguished from the rest of the body. Note that at this time, the 
head takes up approximately half of the whole body.

 The embryo grows at a rate of about 1 to 2 mm per 
day. By the end of the sixth week, it is shaped like a 
kidney bean. 8  In the seventh week, the head occupies 
nearly half of the entire body (Fig. 13-14). The amniotic 
cavity also grows, occupying a greater proportion of the 
chorionic cavity (Fig. 13-15). At this stage, it is obvious 
that the yolk sac is in the chorionic cavity, while the 
embryo is in the amniotic cavity. 27,28,30  

 SONOEMBRYOLOGY 
 From the use of high-frequency endovaginal  transducers 
to three-dimensional (3D) and four-dimensional (4D) 
ultrasound, technical advances in the fi eld have  enabled 
us to view the early pregnancy in ever greater detail. 30,31  
The identifi cation and evaluation of embryonic anato-
my is called sonoembryology, a term apparently coined 
by Dr. Timor-Trisch and colleagues in 1990. 32  

 A summary of early sonographic milestones is found 
in Table 13-1. The following is a discussion of some 
of the organ systems that can be evaluated in the fi rst 
trimester. 

 HEART 

 As an organism grows in size and complexity, many 
of its cells are no longer in direct contact with an en-
vironment that provides oxygen and nutrients and al-
lows discharge of carbon dioxide and wastes. A means 
of transportation becomes necessary. This is the role 
of the cardiovascular system and, not surprisingly, the 
heart is the fi rst organ to function in the embryo. The 
primitive heart begins to beat about 23 days after con-
ception (5 �  weeks’ gestational age). The mean rate of 
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 CENTRAL NERVOUS SYSTEM 

 A section of embryonic ectoderm forms a neural plate, 
which folds to form the neural tube and the neural crest. 
The cranial section of the neural tube forms the brain, 
and the rest of the neural tube forms the spinal cord.  7  

 The embryonic brain develops three vesicles: the 
prosencephalon, or embryonic forebrain, gives rise to 
the telencephalon and the diencephalon; the mesen-
cephalon is the embryonic midbrain, which remains 
undivided; and the rhombencephalon, the embryonic 
hindbrain. The prosencephalon and the rhombenceph-
alon each divide, creating a total of fi ve brain vesicles, 
which become the lateral ventricles, third ventricle, and 
the upper and lower parts of the fourth ventricle, and 
the connections between them. 34,35  

 3D ultrasound has improved our ability to assess the 
embryonic brain, but many structures can be seen on 
two- dimensional (2D) images. The rhombencephalon 
may be sonographically identifi ed as early as 7 weeks’ 
gestational age and in a sagittal plane appears as a 
prominent,  diamond-shaped sonolucent structure high 
in the posterior part of the brain; the diencephalon and 
mesencephalon appear as an anterior sonolucent cres-
cent (Fig. 13-17).  Between 8 and 9 weeks, on an axial 
view of the head, the hemispheres are seen as cres-
cent-shaped structures occupied by the sonolucent lat-
eral ventricles. Choroid plexus in the roof of the future 
fourth ventricle fi rst appears as  echogenic folds in the 
rhombencephalon. At 9 to 10 weeks’ gestational age, 

pulsations increases from 110 beats per  minute (bpm) 
at 5 weeks to 175 bpm by 9 weeks, after which it grad-
ually decreases to 160 to 170 bpm. 6  By the third tri-
mester, the normal resting heart rate is between 110 
and 160 bpm. 33  

 Cardiac pulsations should be sonographically visual-
ized in all normal embryos measuring 5 mm or larger, 
and can be documented using M-mode (Fig. 13-16). 
Failure to detect cardiac activity in embryos measuring 
less than 5 mm may be a normal fi nding and warrants a 
follow-up examination to establish viability. 6  

Sonographic Milestones in the Early First Trimester

Gestational Age 
(Weeks� days) Carnegie Stage58 Sonographic Findings

4�3 to 5�0 10–11 A small gestation sac (2–5 mm) is seen within the endometrium, adjacent to the 
 uterine cavity interface

5�1 to 5�5 12 Umbilical vesicle (yolk sac) can be seen within the chorionic cavity

5�6 to 6�0 14–17 An embryonic pole measuring 2–4 mm may be identifi ed adjacent to the yolk sac

6�1 to 6�6 18–19 The yolk sac is clearly separate from the embryo. Cardiac activity is visualized 
  by the time the embryonic pole measures 5 mm. It may be possible to 

distinguish the head from the body

7�0 to 7�6 20–22 The yolk sac images in the chorionic cavity, while the amniotic membrane clearly 
 encloses the embryo in the amniotic cavity.
The sonolucent rhombencephalon visualizes in the embryonic head

8�0 to 8�6 23 The CRL is 17–23 mm.
The embryonic forebrain, midbrain and hindbrain can be identifi ed and limbs 
 become evident. The physiologic herniation of the midgut may also be visible

9�0 to 10�0 Stages end at 
  8 weeks’ 

gestation or 
10 weeks LMP

Cerebral hemispheres become more distinct, and echogenic choroid plexus can 
 be seen within the lateral ventricles. Hands and feet can be visualized

Adapted from Sawyer E, Jurkovic D. Ultrasonography in the diagnosis and management of abnormal early pregnancy. Clin Obstet Gynecol. 
2007;1:31–54 and Kurjak A, Pooh RK, Merce LT, et al. Structural and functional early human development assessed by three-dimensional 
and four-dimensional sonography. Fertil Steril. 2005;84:1285–1299.

TABLE 13-1

Figure 13-16 An M-mode tracing showing an embryonic heart rate 
of 168 bpm.
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 GASTROINTESTINAL TRACT/
ABDOMINAL WALL 

 Around 8 weeks post-LMP, the embryonic gut herniates 
out of the abdominal cavity into the base of the cord 
(Fig. 13-21). It then goes through a process of rotation 
and eventually recedes back into the abdominal  cavity 
by 12 weeks’ gestational age. 38,39  This physiologic her-
niation is a normal process, and as long as the mass 
measures no greater than 7 mm, this should not be mis-
taken for an omphalocele. 40  

 echogenic choroid plexus can be seen within the  lateral 
ventricles, which largely fi ll the hemispheres (Fig. 13-
18). From 10 to 11 weeks, there is notable thickening of 
the brain cortex, and the cerebellar hemispheres appear 
to join at the midline after 11 weeks’ gestational age. 34–36  

 Limited views of the developing spine can be seen by 
ultrasound as early as 7 to 8 weeks, but the vertebrae are 
insuffi ciently ossifi ed to cause acoustic shadowing. 28,30,34  

 EXTREMITIES 

 In the eighth week, limb buds begin to appear (Fig. 13-19), 
and hands and feet can be identifi ed by 10 weeks’ gesta-
tional age (Fig. 13-20). 28,37  

Figure 13-17 The crescent-shaped sonolucency in the anterior 
 aspect of the brain is created by the diencephalon and mesencepha-
lon. Physiologic herniation of the midgut is also seen in this 9-week 
embryo.

Figure 13-18 The lateral ventricles, largely fi lled with choroid 
plexus, appear to occupy most of the hemispheres of the devel-
oping brain.

A B
Figure 13-19 A: A 2D image demonstrating limb buds. Note the amnion/chorion separation. B: A 3D surface reconstruction demonstrating 
limb buds in an 8-week embryo.
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 DETERMINING GESTATIONAL AGE IN 
THE VERY EARLY PREGNANCY 
 Before detecting a measurable embryonic pole, the 
pregnancy can be dated by measuring the gestational 
sac (Fig. 13-22). To obtain a mean sac diameter (MSD), 
the height, width, and depth of the fl uid portion of the 
sac taken at the fl uid–chorionic tissue interface is mea-
sured by scanning in two planes at right angles to one 
another and calculating an average of the three mea-
surements. Other authors have used the maximal sac 
diameter, which requires only a single measurement. 
Gestational sacs as small as 2 to 3 mm, corresponding 
to a menstrual age of 5 weeks, have been identifi ed. 
The MSD grows about 1 mm per week. 41  

 By endovaginal ultrasound, the embryonic pole fre-
quently visualizes in the sixth week. A crown-rump 
length (CRL) can be obtained by measuring the em-
bryo along its longest axis, preferably in a sagittal 
view. The image must be suffi ciently enlarged to be 
certain the yolk sac is not included in the measure-
ment.  Appropriate measurement is critical not only for 

Figure 13-20 The thumb is seen separate from the other digits, but 
separations have not yet developed between the rest of the fi ngers.

A B

C

Figure 13-21 A: The arrow points to the normal physiologic hernia-
tion of embryonic midgut into the base of the umbilical cord on this 
sagittal image. B: A transverse image of the abdomen demonstrating 
the midgut herniation on an 11-week embryo. C: A 3D surface render-
ing of a 10-week gestation with a physiologic herniation (arrow) into 
the base of the umbilical cord.
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assigning an EDD, but also because even slight errors 
can  affect the estimation of risk for aneuploidy (see the 
succeeding  discussion of nuchal translucency). 42  Exam-
ples of CRL  measurements are shown throughout this 
chapter (Figs. 13-12, 13-14, 13-17, 13-21A). 

 The CRL is the most accurate single measurement to 
establish an EDD, although a combination of multiple 
parameters early in the second trimester approaches 
the accuracy of the CRL. 

 Nomograms are available to establish gestational 
age based on these measurements. Formulas for these 
measurements are found in Table 13-2. See Chapter 16 
for a complete discussion of second- and third-trimester 
pregnancy dating techniques. 

 NUCHAL TRANSLUCENCY 
 In 1990, a letter appeared in the  Lancet  describing an 
unusual fi nding that was discovered by scanning the 
embryos of patients who had undergone chorionic vil-
lus sampling. An accumulation of subcutaneous fl uid 

Figure 13-22 Measurement of the MSD.

in the nuchal region was seen in seven of seven em-
bryos with trisomy 21. Only 1 of 105 chromosomally 
normal embryos was found to have a similar appear-
ance. 43  Concurrently, an article in  Prenatal Diagnosis  
described the signifi cance of a nonseptated “cystic 
 hygroma” in the fi rst trimester, noting that embryos 
with this fi nding had a 50% chance of having chro-
mosomal abnormalities, including trisomy 21. 44  This 
fl uid collection is now known as the nuchal translu-
cency (NT). 

 Around the same time, investigators were look-
ing at biochemical markers in the blood of pregnant 
women that were associated with an elevated risk of 
chromosomal defects. In 1999, a meta-analysis of these 
studies showed that although abnormal levels of two 
chemicals produced by the trophoblasts—pregnancy-
associated plasma protein A (PAPP-A) and the free  �  
subunit of the hCG molecule—detected 65% of fetuses 
with  trisomy 21 with a 5% false-positive rate, “when 
NT measurement is combined with testing for PAPP-A 
and free  � -hCG, the detection rate increases to 86%” 
with the same 5% false-positive rate. 45  

 The NT images as a sonolucent area enclosed by a 
membrane that extends from the posterior aspect of 
the embryo’s head to a variable point along the spine 
(Fig. 13-23). Because an error of less than a millimeter 
may falsely impact a patient’s NT risk assessment, the 
American Institute of Ultrasound in Medicine (AIUM) 
published guidelines for ensuring the adequacy of NT 
measurements (Table 13-3, Fig. 13-24). 46  The NT is 
 performed between about 11 and 14 weeks’ gestational 
age (as determined by the laboratory performing the 
corresponding maternal blood work). 

 In light of these developments, the American  College 
of Obstetricians and Gynecologists has revised its Prac-
tice Bulletin on screening for chromosomal abnormali-
ties as follows: 

 • “First-trimester screening using both nuchal trans-
lucency measurement and biochemical markers is 
an effective screening test for Down syndrome in 
the general population. At the same false-positive 
rates, this screening strategy results in a higher 
Down syndrome detection rate than does the 
 second-trimester maternal serum triple screen and 
is comparable to the quadruple screen.” 

TABLE 13-2

Formulas for Calculation of First-Trimester 
Gestational Age41,59–61

Anatomy Formula

MSD in mm MSD � (length � width 
  � height)/3
Gestational age in days Menstrual age in days
  � MSD � 30
Gestational age in weeks Menstrual age in weeks
  � Menstrual age in days/7
CRL gestational age CRL in cm � 6
EDD Naegele’s rule EDD � LMP � 3 months
  � 7 days

PROTOCOL 13-1

Basic Protocol for a Normal First-Trimester Exam

• All images used in a nongravid pelvic examination
• Three CRL measurements if embryo visualizes
• Three sets of gestational sac measurement if no 

embryo imaged
• Yolk sac measurements/images
• Documentation of embryonic heart rate via M-Mode or 

cineloop capture
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A

B

Amnion

NT

NT

Amnion

Figure 13-23 Correct measurement of the NT. These images display 
the correct plane and appropriate magnifi cation for measuring the 
NT, which can be clearly distinguished from the amnion. A: Normal 
NT. B: An enlarged NT.

TABLE 13-3

Guidelines for NT Measurement

 1.  The margins of the NT edges must be clear enough for 
proper placement of the calipers.

 2. The fetus must be in the midsagittal plane.
 3. The image must be magnifi ed so that it is fi lled by the 

fetal head, neck, and upper thorax.
 4. The fetal neck must be in a neutral position, not fl exed 

and not hyperextended.
 5. The amnion must be seen as separate from the NT line.
 6. The (�) calipers on the ultrasound must be used to 

perform the NT measurement.
 7. Electronic calipers must be placed on the inner borders 

of the nuchal space with none of the horizontal crossbar 
itself protruding into the space.

 8. The calipers must be placed perpendicular to the long 
axis of the fetus.

 9. The measurement must be obtained at the widest space 
of the NT.

From the American Institute of Ultrasound in Medicine. AIUM 
Practice Guideline for the Performance of Obstetric Ultrasound 
Examinations. Laurel, MD: AIUM, 2007. www.aium.org/
publications/guidelines/obstetric.pdf), with permission.

 COMPONENTS OF A FIRST-
TRIMESTER SONOGRAM 
 The AIUM  Practice Guideline for the Performance of 
 Obstetric Ultrasound Examinations , which was de-
veloped in collaboration with the American College 
of  Obstetricians and Gynecologists and the American 
College of Radiologists (ACR), recommends that fi rst- 
trimester sonograms include images of the uterus 
and adnexa to identify the presence and location of a 
gestational sac and the presence or absence of abnor-
mal adnexal masses or fl uid in the cul-de-sac. When 
an intrauterine gestational sac is detected, the images 
and report should document whether a yolk sac and/
or embryo can be seen. If the pregnancy is too early 
to visualize an embryo, an MSD should be obtained 
to estimate the gestational age, but once an embryo 
is evident, measurement of the CRL is preferred. The 
presence or absence of cardiac activity in the embryo 
should be mentioned in the report. 46  

 • “Measurement of nuchal translucency alone is less 
effective for fi rst-trimester screening than is the 
combined test (nuchal translucency measurement 
and biochemical markers).” 

 • “Women found to have increased risk of aneu-
ploidy with fi rst-trimester screening should be 
offered genetic counseling and the option of 
chorionic villus sampling or second-trimester 
amniocentesis.” 

 • “Specifi c training, standardization, use of appro-
priate ultrasound equipment, and ongoing qual-
ity assessment are important to achieve optimal 
nuchal translucency measurement for Down syn-
drome risk assessment, and this procedure should 
be limited to centers and individuals meeting 
these criteria.” 47  

Correct placement

Figure 13-24 Only the fi rst pair of calipers in this diagram shows cor-
rect placement when measuring the NT. Source: http://www.aium.org/
publications/guidelines/obstetric.pdf. Reproduced with permission 
from the American Institute of Ultrasound in Medicine.

http://www.aium.org/
http://www.aium.org/
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demonstrating motion. The data sets may be used to 
obtain traditional 2D images in optimal planes, 3 di-
mensional surface renderings (Figs. 13.19B, 13.21C, 
13-25), and other display modalities. The MI and TI 
are the same as they would be for traditional 2D scan-
ning.55 Because the sound beam does not dwell on any 
one area, the actual exposure may in fact be decreased 
when 3D data sets are processed to obtain the required 
components of an exam. One caveat: a sonographer 
may actually  increase the overall exposure time in an 
effort to produce the ideal 3D keepsake image for the 
patient (an otherwise acceptable practice when ob-
tained during the course of a medically indicated so-
nogram). For more information on 3D imaging, refer 
to Chapter 32. 

  PRIMUM NON NOCERE:  APPLYING THE 
ALARA PRINCIPLE IN THE FIRST TRIMESTER 

 Medical students and other students in health care pro-
fessions are taught, “ Primum non nocere,”  or “First, do 
no harm.” Sonographers and sonologists should be ap-
plying the ALARA principle (for  a s  l ow  a s  r easonably 
 a chievable) during every sonogram they perform. This 
is especially true during the fi rst trimester of pregnancy, 
when development of the embryo or early fetus is at 
its highest risk of being disrupted. Nevertheless, recent 
studies show that the majority of sonographers and 
sonologists do not understand how to implement the 
ALARA principle during obstetric sonograms. 48,49  

 The potential for unwanted bioeffects during a di-
agnostic ultrasound examination is affected by the 
duration and level of exposure. Ultrasound is a form 
of  mechanical energy and therefore has the potential 
to cause damage to cells containing pockets of gas. 
In  addition, as (ultra)sound waves pass through a 
 medium, some of the energy converts to heat, which 
can also be harmful to cells. 

 The U.S. Food and Drug Administration’s Center for 
Devices and Radiological Health requires ultrasound 
machines with the capability of producing excessive 
acoustic output to display indices showing whether 
the ultrasound exposure during a given exam is within 
acceptable limits. These displays are the mechanical 
index (MI) and the thermal index (TI). 50  Because it is 
unlikely that the embryo or fetus contains gas bodies, 
the index of greatest interest during obstetric scanning 
is the TI. 

 There are three thermal indices, two of which have 
applications in obstetric scanning. These are the ther-
mal index for soft tissue (TIS), and the thermal index 
for structures near bone (TIB). The thermal index for 
cranial bone (TIC) is used when the transducer is right 
up against bone and therefore is not used during fetal 
scanning. The operator must select the appropriate TI 
and modify it as needed. In the early fi rst trimester, 
before mineralization of bone occurs, the TIS should be 
selected. Because bone absorbs heat, sensitive adjacent 
tissue including brain and spinal cord may also be sub-
ject to heating. Therefore, the TIB should be selected 
from 10 weeks’ gestational age onward. 51–53  

 The MI and TI can change over the course of an 
exam. They are affected by factors including output 
levels, transducer frequency, pulse repetition rates, and 
scan modes. At otherwise identical settings, the lowest 
exposures occur during B-mode and M-mode scanning. 
Exposure increases with the use of color Doppler and 
is even higher when spectral Doppler is applied. There-
fore, Doppler should not be used in the fi rst trimester 
unless there is a clinical indication to do so. 52–54  

 3D ultrasound imaging is derived from a data set 
comprised of a series of 2D images produced by either 
a matrix or mechanical transducer. 4D ultrasound cor-
relates the images with the time each was acquired, 

View the following fi rst-trimester study.

(Fig. 13-26A–J)

Using the AIUM or ACR protocol standards, critique this 
study for improvement.

ANSWER: This study has important images missing, 
which include;
• Inadequate bladder fi lling for the transabdominal 

images
• A single measurement of the CRL and gestational sac
• No documentation of the embryonic heart rate
• Yolk sac measurement missing
• Single images, without measurements of the 

uterus and ovaries
• Use of incorrect CRL or sac measurement package

Critical Thinking Question

Figure 13-25 This image demonstrates a 3D reconstruction of 
a 7-week embryo and the accompanying yolk sac. The MI and TI 
display (arrow) indicates exposure of the fetus to ultrasound energy. 
The British Medical Ultrasound Society safety guidelines indicate 
display indices should be at 0.5 for the TI and 0.3 for the MI during 
obstetric imaging to reduce any bioeffects.56,57
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• The primitive heart begins to beat at 23 days.

• Neural structures imaged include the neural tube, 
rhombencephalon, and choroid plexus.

• Limb buds appear at 8 weeks, whereas hands and 
feet image at 10 weeks.

• Midgut herniation occurs at 8 weeks and recede by 
12 weeks.

• First-trimester measurements to establish gestational 
age include the mean sac diameter and the more ac-
curate CRL.

• The nuchal translucency, when used in conjunction 
with biochemical markers, is an effective screening 
tool for Down syndrome.
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 SUMMARY 
• Pregnancy consists of three trimesters, dividing the 

normal 40-week pregnancy into 12-week sections. 
The fi rst trimester begins at week 1 ending at week 
12, the second begins at week 13 ending in week 27, 
and the third begins at week 28 and ends at delivery. 
A pregnancy that is undelivered by 42 weeks is con-
sidered postterm.

• Meiosis results in a haploid germ cell. When the 
sperm and ovum unite, a single diploid cell, the zy-
gote, results and divides via mitosis.

• Cells continue to divide creating the morula, a ball 
of cells, as it moves through the fallopian tube [it’s 
already a blastocyst by the time it reaches the uterus].

• Once a fl uid-fi lled cavity forms, the structure becomes 
the blastocyst, which contains the trophoblast, blasto-
cele, and embryoblast. 

• Disintegration of the zona pellucid allows the blas-
tocyst to begin implantation into the endometrium-
during the 4-day implantation window 6 to 8 days 
postovulation.

• The syncytiotrophoblast produces hCG, extending 
the progesterone-secreting corpus luteum.

• Placental hormone production includes chorionic go-
nadotropin, estrogen, and progesterone.

• A urine pregnancy test is qualitative; the blood test is 
quantitative.

• The three layers of the decidualized endometrium are 
the deciduas basalis, capsularis, and parientalis.

• The fi rst sonographic evidence of an intrauterine preg-
nancy is the intradecidual sign, which may be seen as 
early as 3 weeks, 4 days gestational age. The double 
sac sign appears at about 7 weeks’ gestational age.

• The fi rst structure sonographically seen within the 
gestational sac is the secondary yolk sac (secondary 
umbilical vesicle) that connects to the embryonic 
midgut via the vitelline duct.

• The umbilical vesicle produces the embryo’s fi rst 
blood cells, while the allantois become the umbilical 
arteries.

• At 5 weeks gestational age, the internal diameter of the 
yolk sac/umbilical vesicle is approximately 2.3 mm, 
and by 11 weeks, it measures 5.6 mm. The yolk sac is 
eventually incorporated into the embryonic gut, and is 
no longer detected by 12 weeks.

• Chorionic villi at the site of the placenta become the 
chorion frondosum, eventually forming the fetal por-
tion of the placenta. Chorionic villi not associated with 
placental development disappear, leaving a smooth 
chorion laeve, the chorionic membrane.

• By 6 weeks gestational age, a 2-to-4-mm embryo may 
be visualized adjacent to the yolk sac within the ges-
tational sac.
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 GLOSSARY 

 Abortion Spontaneous or induced termination of an early 
pregnancy and expulsion of fetal and placental tissues 

 Amniocentesis Invasive procedure in which a quantity of 
amniotic fl uid is removed from the amniotic sac for analy-
sis of the fetal cells or for the presence of certain chemicals 
in the fl uid itself; may also be performed as a palliative 
measure in patients with severe polyhydramnios 

 Anembryonic pregnancy Pregnancy that has failed 
prior to the development of an identifi able embryo or in 
which embryonic tissue has been resorbed after early 
embryo demise 

 Anemia Defi ciency of red blood cells 

 Blighted ovum Empty gestational sac seen in an anem-
bryonic pregnancy 

 Bradycardia Abnormally slow heart rate 

 Chorionic villus sampling Invasive procedure in which 
the chorionic villi of an early pregnancy are removed for 
analysis 

 Complete hydatidiform mole Abnormal fertilization 
of an oocyte that contains no maternal chromosomes, 
resulting in the proliferation of swollen chorionic villi 
and the absence of identifi able embryonic structures 

 Gestational trophoblastic disease Spectrum of disor-
ders that begin at fertilization and involve abnormal pro-
liferation of the trophoblasts that in a normal pregnancy 
form the placenta; may become invasive, malignant, and 
metastasize 

 Gestational trophoblastic neoplasia Invasive or meta-
static form of gestational trophoblastic disease 

 Hydatidiform mole Form of gestational trophoblastic 
disease resulting from abnormal fertilization in which 
there is proliferation of swollen chorionic villi; also 
called a molar pregnancy 

 Hyperemesis Excessive vomiting during pregnancy 
sometimes called hyperemesis gravidarum 

 Hyperthyroidism Excessive activity of the thyroid 

 Incomplete abortion Spontaneous abortion in which 
some products of conception remain in the uterus 

 Inevitable abortion Failed early pregnancy that is in 
the process of being expelled from the uterus 

 Miscarriage Spontaneous failure and expulsion of an 
early pregnancy 

 Missed abortion Early failed pregnancy that remains 
in the uterus 

 Molar pregnancy Hydatidiform mole 

 Partial hydatidiform mole Abnormal fertilization 
resulting in one maternal and two paternal sets of chro-
mosomes (triploidy), leading to the development of an 
abnormal fetus and placenta 

 Respiratory insuffi ciency Inadequate absorption 
of oxygen and/or inadequate expulsion of carbon 
dioxide 

 Subchorionic hemorrhage (a.k.a. subchorionic 
hematoma) Crescent-shaped sonolucent collection 
of blood between the gestational sac and the uterine 
wall 

 Tachycardia Abnormally rapid heart rate 

 KEY TERMS 

 aneuploidy  |  threatened abortion  |  anembryonic pregnancy  |  retained products of 
conception (RPOC)  |  subchorionic hemorrhage  |  hydatidiform mole 

  14  Sonographic Evaluation of 
First-Trimester Complications 
 Paula Woletz 

 OBJECTIVES 

 Describe the indications for diagnostic ultrasound in the fi rst trimester 

 Distinguish the sonographic fi ndings of normal early pregnancy from those of early 
pregnancy failure, spontaneous abortion, and molar pregnancy 

 Discuss the use of ultrasound to screen for chromosomal abnormalities 

 Identify structural abnormalities in the fi rst trimester 
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be associated with vaginal bleeding, and large submu-
cosal fi broids that distort the uterine cavity may be as-
sociated with pregnancy loss. 2  

 EARLY PREGNANCY FAILURE 
 Most pregnancies are clinically confi rmed after a wom-
an has missed a menstrual period and has had a posi-
tive urine or serum pregnancy test. An unknown num-
ber of pregnancies are spontaneously aborted before a 
woman has missed her menstrual period, without her 
or her obstetrician ever being aware of the pregnancy 
and its loss. As many as 10% to 20% of clinically rec-
ognized pregnancies result in spontaneous abortion 
before 20 weeks’ gestational age, with the majority of 
those occurring before 12 weeks. 3–5  Although pregnan-
cy failure has many causes, 50% to 70% are caused by 
genetic abnormalities. 6  

 When an asymptomatic woman has an early sono-
gram (i.e., one performed between 6 weeks  �  2 days, 
and 11 weeks  �  6 days, gestational age) that demon-
strates a singleton pregnancy with a normal heart rate, 
the subsequent risk of miscarriage drops to 1.6%. 7  

 In women with vaginal bleeding or pain, the risk 
of pregnancy loss increases. Approximately half of pa-
tients who experience vaginal bleeding miscarry, with 
the greatest risk seen in patients with heavy bleeding 
and pain. 6,8–10  Of those patients whose pregnancies 
continue, 17% may experience complications later in 
pregnancy. 9  Other causes of vaginal bleeding in early 

 When a patient reports a problem during the fi rst tri-
mester of pregnancy, or when the clinician perceives 
an unusual or discrepant fi nding, ultrasound is often 
the method of choice to confi rm or rule out the clini-
cian’s suspicions. The following discussion focuses fi rst 
on the most commonly presenting clinical symptoms in 
the fi rst trimester. This is followed by the expanded cri-
teria to predict pregnancy viability, fi ndings that raise 
the suspicion of chromosomal abnormalities, and the 
early detection of structural anomalies. 

 SIZE-DATES DISCREPANCY 
 If a patient is unsure of her last menstrual period (LMP), 
or if a clinical examination of the uterus does not agree 
with the patient’s reported LMP, her clinician may re-
quest a sonogram to date the pregnancy. The presence 
of uterine fi broids, maternal obesity, surgical scars, or 
multiple gestation may make it diffi cult for the obstetri-
cian to estimate the size of the uterus, from which the 
gestational age is estimated. Because other aspects of 
pregnancy management (e.g., establishing the estimat-
ed date of delivery, methods of termination, interpreta-
tion of maternal serum levels, timing of chorionic villus 
sampling or amniocentesis) hinge on the correct assess-
ment of the duration of pregnancy, the patient may be 
sent for ultrasound evaluation in the fi rst trimester. 

 Ultrasound helps date, establish early pregnancy fail-
ure, or an ectopic pregnancy in the fi nding of a smaller 
than expected uterus. Once an intrauterine pregnancy 
(IUP) is identifi ed, careful measurements are taken to 
establish the gestational age. If the development of 
the  gestational sac and its contents is less advanced 
than the patient’s dates indicate, correlation with hu-
man chorionic gonadotropin (hCG) levels may be in-
dicated and serial sonograms performed to establish a 
normal rate of growth. Early-onset intrauterine growth 
restriction (defi ned as a crown-rump length at least two 
standard deviations below the mean for the expected 
gestational age) in a woman with a reliable menstrual 
history is an increased risk for miscarriage (spontane-
ous abortion). 1  

 A uterus that is large for gestational age may be due 
to incorrect dates, multiple gestation, molar pregnan-
cy, or uterine fi broids (Fig. 14-1). Contrary to earlier 
reports, most fi broids do not grow during pregnancy. 
However, fi broids are associated with preterm labor, 
premature rupture of membranes, and fetal malposi-
tion. In the fi rst trimester, retroplacental fi broids may 

 Toxemia of pregnancy Pregnancy-induced hyperten-
sion, proteinuria, edema, and headache (preeclampsia), 
which may progress to the development of seizures 
(eclampsia) 

 Triploid, triploidy Having three copies of each 
 chromosome. 

  Theca-lutein cysts Large, often bilateral ovarian cysts, 
the formation of which is usually stimulated by excessive 
levels of circulating human chorionic gonadotropin (hCG) 

Threatened abortion, threatened miscarriage Vagi-
nal bleeding in a pregnancy of less than 20 weeks; may 
be accompanied by pain or cramping 

Figure 14-1 First-trimester septuplet pregnancy. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)
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 As noted in Chapter 13, the fi rst structure to be 
sonographically identifi ed in a normally developing 
gestational sac is the secondary yolk sac (secondary 
 umbilical vesicle). Yolk sacs that are too large (greater 
than two standard deviations above the mean yolk sac 
diameter for a given gestational age) or too small (more 
than two standard deviations below the mean yolk sac 
diameter for gestational age), or those that do not show 
the characteristic round appearance, are strong predic-
tors of a poor outcome (Fig. 14-3). 16–18  

 In normal pregnancies, visualization of the amnion 
surrounding the early embryo occurs after sonographic 
identifi cation of the yolk sac. In 2010, Yegul and Filly 
reported that visualization of an amnion without so-
nographic evidence of an embryo (the “empty amnion 
sign”) is defi nitive evidence of pregnancy failure. 19  

 Cardiac activity in an embryo measuring 5 mm or 
greater is generally thought to be a reassuring sign, 
and the risk of spontaneous abortion is low. However, 
bradycardia (heart rate  � 90 beats per minute [bpm] 
at 6.2 weeks or  � 110 bpm at 6.3 to 7 weeks) detect-
ed between 6 and 7 weeks’ gestational age has been 
associated with an increased risk of pregnancy loss. 20  
Tachycardia ( � 155 bpm at 6.3 to 7 weeks), on the other 
hand, has a high likelihood of a normal outcome. 21  

 Embryo demise is diagnosed when there is no car-
diac activity in an embryo measuring 5 mm or more. 3  
Absence of cardiac activity in an embryo that is less 
than 5 mm and seen within an enlarged amniotic sac 
may also be a sign of demise. Yegul and Filly call this 
evidence of early demise the “expanded amnion sign.” 22  
(Fig. 14-4) Another indication of demise in an embryo 
that is less than 5 mm and is without a detectable heart 
beat is when, instead of the “double bleb” sign described 
in Chapter 13, there is an obvious yolk stalk between the 
yolk sac and the embryo and amniotic sac (Fig. 14-5). 23  

 A patient with an anembryonic pregnancy or embryo 
demise that has not yet been expelled from the uterus 

pregnancy include gestational trophoblastic disease, 
which is covered later in this chapter, and ectopic preg-
nancy, which is reviewed in Chapter 15. 

 Vaginal bleeding in a pregnancy of less than 20 
weeks is called a threatened abortion or threatened 
miscarriage. It is a common complication of pregnancy, 
and as many as 15% to 27% of pregnancies are com-
plicated by one or more episodes of vaginal bleeding in 
the fi rst 20 weeks. 8,10–12  Bleeding may be characterized 
as spotting (frequently occurring at the time of implan-
tation), light, or heavy, and can originate in the uterus, 
the cervix, or the vagina. 

 Although factors unrelated to the pregnancy may be 
the source of the bleeding, fi rst consideration goes to 
establishing the viability of the pregnancy. The value 
of ultrasound in threatened abortion lies not in any en-
deavor to alter the outcome of the pregnancy, but in 
the ability to predict which pregnancies will continue 
successfully to term. 

 The sonographic fi ndings of early pregnancy failure 
depend on the stage of embryologic development at 
which they occur, and whether the uterus has begun to 
expel the products of conception. 3  

 In an anembryonic pregnancy (sometimes called 
a blighted ovum), the pregnancy either ended  before 
a sonographically identifi able embryo formed or 
the  early embryo was resorbed once the pregnancy 
failed. An empty gestational sac (i.e., a gestation-
al sac  devoid of embryo or yolk sac) with a mean 
sac diameter greater than 20 mm by endovaginal 
ultrasound is likely to indicate pregnancy failure. 13  
A smaller than expected empty gestational sac in a 
patient with reliable dates may also predict a poor 
outcome. 14  Because there is some overlap between 
the measurements of viable and nonviable pregnan-
cies, it may be prudent to do a follow-up examina-
tion in a desired pregnancy with a borderline sac 
 measurement (Fig. 14-2). 3,13–15  

Figure 14-2 A: Transabdominal image of a blighted ovum. B: Endovaginal image of the same empty sack. Note the beginning of sac separa-
tion from the uterine wall (arrow).

A B
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 SUBCHORIONIC HEMORRHAGE 
 A crescent-shaped sonolucent fl uid collection between 
the gestational sac and the uterine wall is evidence of a 
subchorionic hemorrhage (or subchorionic hematoma). 
Its presence increases the risk of spontaneous miscar-
riage, preeclampsia, placental abnormalities, or preterm 
delivery. There is no consensus on whether the size of 
the hemorrhage predicts the likelihood of spontaneous 
abortion (Fig. 14-8). 27,28  Table 14-1 summarizes the so-
nographic appearance of the abnormal pregnancy. 

 GESTATIONAL TROPHOBLASTIC 
DISEASE 
 As its name implies, gestational trophoblastic disease 
encompasses disorders that begin at fertilization and 

is said to have a missed or delayed abortion. (Fig. 14-5) 
An incomplete abortion occurs when some placental 
or fetal tissue has been expelled but some products of 
conception remain in the uterus. Sonographically, an 
incomplete abortion is seen as thickened endometrium 
or hyperechoic tissue within the uterus. 24  There is little 
consensus over an endometrial thickness measure-
ment that could be considered diagnostic for retained 
products of conception (RPOC). 25  The use of color Dop-
pler is helpful in these cases because increased fl ow 
within the myometrium may be associated with RPOC 
(Fig. 14-6). 26  

 When a patient is noted to have profuse bleeding 
and the cervical os has begun to dilate, abortion is said 
to be inevitable and impending. Sonographically, a ges-
tational sac may be seen in the cervix or vagina as it is 
expelled (Fig. 14-7). 3  

Figure 14-5 Missed abortion with no identifi able cardiac activity. 
Embryonic membranes and tissue remain in the uterus. (Image cour-
tesy of Jiri Sonek, MD.)

Figure 14-4 Expanded amnion sign. No cardiac activity is  detected 
in the embryonic pole seen within an enlarged amniotic cavity. 
( Image courtesy of Jiri Sonek, MD.)

A B
Figure 14-3 Abnormal yolk sacs. A: Enlarged yolk sac. B: Collapsed, irregular yolk sac. (Image A courtesy of Philips Medical Systems, Bothell, WA.)
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 The abnormal proliferation of trophoblasts in both 
complete and, to a lesser extent, partial moles results in 
the production of excessive levels of hCG, which can be 
detected by a quantitative serum hCG test. 

 In early pregnancy, both forms of molar pregnancies 
may present with vaginal bleeding, although as many 
as 41% of cases are asymptomatic in the fi rst trimester. 
In general, the increase in hCG levels and the clinical 
signs and symptoms associated with complete molar 
pregnancies are more severe than in partial moles. As 
pregnancy progresses, patients may experience heavy 
vaginal bleeding, a large-for-date uterus, hyperemesis, 
and passage of molar vesicles. 32,34  As many as 46% of 
patients with complete molar pregnancies develop en-
larged ovaries with multiple theca lutein cysts, probably 
a result of hyperstimulation from the elevated  levels of 
hCG. Theca lutein cysts are usually bilateral and mea-
sure between 6 and 12 cm, although some may be as 
large as 20 cm in diameter. 33  

 The diagnosis of molar pregnancy is critical. The tro-
phoblastic vesicles are usually removed by suction and/
or sharp curettage of the uterine cavity. The patient will 
have weekly blood tests until her hCG  levels are normal 
for three consecutive weeks. 33  Clinical concern is war-
ranted because between 2% and 4% of  patients with 
partial moles and up to 28% of patients with complete 
molar pregnancies develop either locally invasive or 
metastatic gestational trophoblastic neoplasia (GTN, 
also known as choriocarcinoma). 31,33  Early diagnosis 
and evacuation of molar pregnancies has resulted in 
earlier normalization of hCG levels, which may be at-
tributed to the growing use of ultrasound in the fi rst 
trimester. 35  

 The sonographic appearance of complete molar 
pregnancy in the fi rst trimester is variable. In the earli-
est cases, before discrete villi are discernable, the ap-
pearance may mimic that of an early, empty gestational 
sac or RPOCs associated with a missed or incomplete 

involve abnormal proliferation of the trophoblasts that 
in a normal pregnancy would have gone on to form the 
placenta. The most common forms are known as molar 
pregnancies and include complete hydatidiform mole 
and partial hydatidiform mole. 29  

  Partial hydatidiform mole occurs when an apparent-
ly normal oocyte is fertilized by sperm that duplicates 
itself or, rarely, by two spermatozoa. The result is a 
triploid pregnancy with 69 chromosomes. An identifi -
able embryo or fetus may develop, along with a thick, 
hydropic placenta with focal areas of vesicular swell-
ing. 30–34  (Tripoidy that results from the fertilization of 
an abnormal, diploid oocyte by a single sperm does not 
include abnormal proliferation of the trophoblasts and 
is not classifi ed as a form of gestational trophoblastic 
disease. 32 ) Patients with partial hydatidiform mole may 
present with a vaginal bleeding and a small-for-date or 
normal-sized uterus. 31  

A B
Figure 14-6 RPOCs after a spontaneous abortion. Note the hypervascularity of the myometrium as seen on color Doppler. (Images courtesy 
of William Lindley Diacon, MD.)

Figure 14-7 Impending abortion. The low position of the gesta-
tional sac and the open cervix indicate imminent expulsion of the 
uterine contents.
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A B

C
Figure 14-8. A: Complex subchorionic hemorrhage (arrow) with embryo (E). B: Endovaginal image of a retroverted uterus with an early IUP 
and subchorionic hemorrhage. C: 7-week pregnancy with subchorionic hemorrhage. (Image A courtesy of Leeber Cohen, MD.)

trimester as well. Occasional large cystic spaces and/
or an intrauterine fl uid collection may be seen as well, 
and theca lutein cysts may be seen in one or both 
ovaries. 36,31  No embryo or fetus is seen in a complete 
hydatidiform mole (Fig. 14-9). 

 An early partial mole also has a similarly variable 
appearance, but if it is far enough along, there will be 
an identifi able embryo or fetus, and the placenta ap-
pears abnormally thick, with focal vesicular changes 36,31  
(Fig. 14-10). Table 14-2 summarizes the sonographic 
appearance of gestational trophoblastic disease. 

abortion. 36,37  However, a case with an intrauterine mass 
measuring more than 3.45 cm in greatest diameter, 
thin endometrium (no more than 1.2 cm at its thickest 
point), and/or low-resistance arterial fl ow on color or 
pulsed Doppler is more likely to be a form of gesta-
tional trophoblastic disease than a failed pregnancy. 37,38  
If available, an elevated level of hCG supports the diag-
nosis of molar pregnancy. 

 Most cases are seen as a complex echogenic in-
trauterine mass with multiple small cystic spaces. 
This vesicular pattern is typically seen in the second 

TABLE 14-1

Sonographic Appearance of the Abnormal Pregnancy

Pregnancy Type Sonographic Appearance

Anembryonic pregnancy (blighted ovum) Empty gestational sac greater than 20 mm, smaller than expected sac size
Embryonic demise Lack of heart motion, expanded amnion sign, lack of double bleb sign
Incomplete abortion Thickened endometrium, increased fl ow in myometrium
Inevitable abortion Empty low-lying gestational sac, open cervix
Subchorionic hemorrhage Crescent-shaped sonolucent or complex fl uid collection between the gestational 
   sac and uterus
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the crown-rump length, nuchal translucency, and ma-
ternal serum biochemistry levels (Fig. 14-11). A number 
of authors also recommend measuring the nasal bone 
and obtaining Doppler velocimetry of the ductus ve-
nosus. There is no consensus on whether to include 
maternal age in the risk calculation or whether all the 
ultrasound markers should be routinely included in 
the assessment or whether measurements of the nasal 
bone and ductus venosus should only be performed if 
the nuchal translucency measurement is abnormal or 
borderline (Fig. 14-12). 39–43  

 STRUCTURAL ABNORMALITIES AND 
SYNDROMES 
 Growing familiarity with the normal sonographic ap-
pearance of embryonic and fetal structures during the 
fi rst trimester has led to early identifi cation of a number 
of structural abnormalities and syndromes. 

 Central nervous system abnormalities detected in 
the fi rst trimester include acrania/anencephaly, ho-
loprosencephaly, Dandy-Walker malformation, en-
cephalocele, and spina bifi da. 44–49  Cardiac anomalies 
 include ectopia cordis, hypoplastic left heart syndrome, 

 FETAL ANEUPLOIDY 
 As mentioned in Chapter 13, it is now recommended 
that all pregnant women be offered screening tests to 
assess their risk of carrying a chromosomally abnormal 
fetus. In the fi rst trimester, this is done by measuring 

Figure 14-10 Partial mole. The calipers are measuring the abnormal 
placenta with swollen villi. Note the yolk sac within the gestational 
sac. (Image courtesy of William Lindley Diacon, MD.)

A B

C

Figure 14-9 Complete molar pregnancy. A: Initial presentation of 
a patient with uncertain dates. B: Same patient at follow-up, 9 days 
later. C: Another early complete hydatidiform mole. (Images A and B 
courtesy of William Lindley Diacon, MD. Image C courtesy of  Leeber 
Cohen, MD.)
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sonograms. 47,65–68  Examples of anomalies in the fi rst tri-
mester are seen in Figures 14-13 to 14-25. 

 Although the fi rst-trimester detection of abnormali-
ties is improving, it is important to note that in a study 
of over 2,800 pregnant women who underwent detailed 
scanning between 11 and 14 weeks and again in the 
second and/or third trimester, abnormalities identifi ed 
before 14 weeks represented only about 22% of all so-
nographically detected abnormalities in the study pop-
ulation. 69  Therefore, detailed sonographic evaluation in 
the fi rst trimester in no way replaces the need for a 
careful anatomic survey in the second trimester. 

atrioventricular septal defect, conduction disorders, 
and heart failure. 47,50–54  Other anomalies include body 
stalk anomaly, cystic hygroma, multicystic dysplastic 
kidney, megacystis, omphalocele and gastroschisis, mi-
crognathia, umbilical cord cysts, pleural effusion, poly-
dactyly, hydrops, and clubfoot. 45,47,48,50,55–62  Conjoined 
twins and twin reversed arterial perfusion (TRAP) se-
quence have been diagnosed in fi rst-trimester multiple 
gestations. 45,47,63,64  Walker-Warburg syndrome, Meckel-
Gruber syndrome, pentalogy of Cantrell, and Cornelia 
de Lange syndrome are among the growing number of 
syndromes that have been diagnosed by fi rst-trimester 

TABLE 14-2

Sonographic Appearance of Gestational Trophoblastic Disease

Trophoblastic Process Sonographic Appearance

Hydatidiform mole (fi rst trimester)  May have appearance of a blighted ovum, threatened abortion, or variable 
  echogenicity fi lling the entire uterus without the characteristic vesicular 

appearance
Hydatidiform mole (after fi rst trimester)  Large soft tissue mass of low- to moderate-amplitude echoes fi lling the uterine 

 cavity and containing fl uid-fi lled spaces
Incomplete or partial mole  May present as a gestational sac that is relatively large and intact, surrounded by a 

  thick rim of placentalike echoes with well-defi ned sonolucent spaces within. It 
may be empty or may contain a disproportionately small viable or nonviable 
fetus. Echogenic fetal parts may be visualized with or without normal placenta.

Coexisting mole and fetus  Concurrent presence of normal-appearing placenta and fetus and a separate area 
 of cystic vesicular appearance

Invasive mole  Enlarged uterus with foci of increased echogenicity and cystic spaces in the 
 myometrium

Choriocarcinoma  Cystic to solid areas of necrosis, coagulated blood, or tumor tissue invading and 
  extending as a mass outside the uterine wall with metastatic lesions located in the 

liver

Figure 14-11 Large nuchal translucency. (Image courtesy of Leeber 
Cohen, MD.)

Figure 14-12 Absent nasal bone. (Image courtesy of William  Lindley 
Diacon, MD.)
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A B
Figure 14-13 Two examples of umbilical cord cysts. A: Cyst associated with an early demise. B: Cyst eventually resolved. (Image A courtesy 
of William Lindley Diacon, MD. Image B courtesy of Leeber Cohen, MD.)

Figure 14-14 A transverse view of the upper abdomen and lower tho-
rax of a fetus with pentalogy of Cantrell at 13 weeks’ gestation. The 
open arrow points to the fetal abdomen, the solid arrow points to an 
omphalocele, and the notched arrow points to the ectopia cordis. (Im-
age courtesy of Jiri Sonek, MD.)

A B
Figure 14-15 A,B: Examples of anomalies associated with amniotic band syndrome. (Images courtesy of Beryl Benacerraf, MD.)
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A B

C

Figure 14-16 Hydranencephaly at 10.9 weeks’ gestation. Note the 
crown-rump length measurement (A) may appear normal. B. Sagit-
tal view of the fetal head with an abnormal forehead and intracranial 
anatomy. C. Coronal view shows an abnormal cranium without identifi -
able brain structures. (Images courtesy of Jiri Sonek, MD.)

Figure 14-17 Two-dimensional (2D) (A) and three-dimensional (3D) images (B) of a small cystic hygroma. (Images courtesy of Beryl Benacerraf, MD.)

A B
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Figure 14-18 Cystic hygroma and hydrops, possibly due to jugular lymphatic obstructive sequence. (Images courtesy of Beryl Benacerraf, MD.)

A B

Figure 14-19 A transverse view of a fetal abdomen with a gastros-
chisis at 11 weeks’ gestation (solid arrow, cord insertion; open arrow, 
gastroschisis). (Image courtesy of Jiri Sonek, MD.)
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A B

C

Figure 14-20 Exencephaly/anencephaly sequence. A: Longitudi-
nal view of a fetus with an exencephaly/anencephaly sequence at 
12 weeks’ gestation. Note the absence of the cranial vault ossifi ca-
tion. On a cursory examination, this fetus may be assessed as being 
normal. B: Transverse view of the same fetus. Note the absence of 
cranial vault ossifi cation and the lack of normal brain anatomy. C: Im-
age taken at the level of the orbits of another fetus with exencephaly 
(acrania). As these pregnancies progress, the abnormal brain tissue 
will erode, and the fetuses will have the more familiar appearance of 
anencephaly seen in the second trimester. (Images A and B courtesy 
of Jiri Sonek, MD.)

Figure 14-21 Sagittal (A) and transverse (B) images of a fi rst-trimester fetus with osteogenesis imperfecta. (Images courtesy of Beryl 
 Benacerraf, MD.)

A B
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A B
Figure 14-22 Holoprosencephaly (A) and a small omphalocele (B) in a fetus with trisomy 13. (Images courtesy of Beryl Benacerraf, MD.)

Figure 14-23 A: Fetus with pericardial effusion. Closer inspection 
of the heart (B) reveals an atrioventricular septal defect. The same 
fetus also has a small omphalocele and a two-vessel umbilical cord 
(C). This fetus was also found to have trisomy 13. (Images courtesy of 
Leeber Cohen, MD.)

A B

C



 346 PART 2 — OBSTETRIC SONOGRAPHY

Figure 14-24 A transverse view of the fetal abdomen (A) reveals an omphalocele, and a small cystic hygroma (B) is also seen in a fetus with 
trisomy 18. (Images courtesy of William Lindley Diacon, MD.)

A B

A B

C

Figure 14-25 A,B: Bilateral enlarged multicystic kidneys. C: Occipital 
encephalocele in a fi rst-trimester fetus with Meckel- Gruber syndrome. 
(Images courtesy of Leeber Cohen, MD.)
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 SUMMARY 

 • Any vaginal bleeding in a patient less than 20 weeks 
is called a threatened abortion or miscarriage. 

 • A blighted ovum is the failure of an early pregnancy. 

 • An empty gestational sac measuring greater than 
20 mm indicates a pregnancy failure. 

 • The abnormally shaped yolk sac is an indicator of a 
poor pregnancy outcome .

 • Diagnosis of demise is made through the lack of fetal 
heart motion in an embryo measuring 5 mm or larger. 

 • The presence of a subchorionic hemorrhage  increases 
the risk of an adverse outcome. 

 • Hydatidiform moles are the result of abnormal fertil-
ization. 
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 GLOSSARY 

 Abdominal pregnancy Gestation located within the 
intraperitoneal cavity, apart from tubal, ovarian, or 
intraligamentous sites 

 Assisted reproductive techniques (ART) A number of 
techniques used to aid fertilization, including in vitro 
fertilization (IVF), intracytoplasmic sperm insertion 
(ICSI), follicle aspiration, sperm injection, and assisted 
follicular rupture (FASIAR) 

 Beta human chorionic gonadotropin ( � -hCG) Glyco-
protein hormone produced in pregnancy that is made 
by the developing embryo soon after conception and 
later by the placenta 

 Cervical pregnancy Gestation located within the 
 endocervical canal 

 Cornual pregnancy Gestation located within a rudi-
mentary uterine horn or one horn of a bicornuate or 
septated uterus 

 Discriminatory cutoff Level of  � -hCG at which a  normal 
intrauterine pregnancy can be seen with  sonography 

 Double decidual sac sign Two concentric  hyperechoic 
rings (representing the echogenic base of the endo-
metrium and the decidua capsularis/chorion laeve) 
surrounding the anechoic gestational sac in a normal 
intrauterine pregnancy 

 Ectopic pregnancy Implantation of a fertilized ovum 
in any area outside of the endometrial cavity 

 Heterotopic pregnancy Concomitant intrauterine 
pregnancy and ectopic pregnancy 

 Hypovolemic shock Shock due to a decrease in blood 
volume 

 Interstitial pregnancy Gestation located in the intra-
myometrial segment of the fallopian tube 

 Intramural pregnancy Gestation located within the 
myometrium of the uterus 

 Intrauterine contraceptive device (IUD) Form of 
birth control; small, plastic or copper, usually T-shaped 
device with a string attached to the end that is inserted 
into the uterus 

 In vitro fertilization (IVF) Laboratory procedure in 
which sperm are placed with an unfertilized egg in a 
petri dish to achieve fertilization; the embryo is then 
transferred into the uterus to begin a pregnancy or 
 cryopreserved for future use 

 Morison’s pouch Hepatorenal recess; deep recess of 
the peritoneal cavity on the right side extending upward 
between the liver and the kidney; gravity-dependent 
portion of the peritoneal cavity when in the supine 
position 

 KEY TERMS 

 interstitial pregnancy  |  cornual pregnancy  |  cervical pregnancy  |  intramural pregnancy  |  
ovarian pregnancy  |  abdominal pregnancy  |  heterotopic pregnancy  |  pelvic infl ammatory 
disease (PID)  |  assisted reproductive techniques (ART)  |  beta human chorionic 
gonadotropin ( � -hCG) 

 OBJECTIVES 

 Describe the mortality and morbidity rates for different types of ectopic pregnancy 

 List the key risk factors for ectopic pregnancy 

 Identify the clinical presentation of a patient with an ectopic pregnancy 

 Discuss the sites of ectopic pregnancy 

 Summarize the rates of ectopic pregnancy 

 Explain the sonographic technical protocol for scanning a suspected ectopic pregnancy 

 Describe the sonographic characteristics of an ectopic pregnancy 

 Explain alternate diagnostic modalities and treatment options 

  15  Sonographic Assessment 
of the Ectopic Pregnancy 
 Amanda Auckland 
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 Pregnancy of unknown location (PUL) Pregnancy in 
which no signs of an intrauterine pregnancy or ectopic 
pregnancy are seen by sonography 

 Sliding sac sign When gentle pressure from the 
 transducer moves the gestational sac 

 Tubal ring sign Hyperechoic ring of trophoblastic 
 tissue that surrounds an extrauterine gestational sac 

 Ovarian pregnancy Gestation located within the 
ovary 

 Pelvic infl ammatory disease (PID) Infection of 
the female reproductive tract that results from 
 microorganisms transmitted especially during sexual 
intercourse or by other means such as during surgery, 
abortion, or parturition 

 An ectopic pregnancy is defi ned as implantation of a fer-
tilized ovum in any area outside the endometrial cavity. 1  
It accounts for about 2% of all pregnancies in the United 
States. 2  The prevalence of ectopic pregnancy has in-
creased from 0.37% of pregnancies in 1948 to about 2% 
of pregnancies in 1992, and a sixfold increase was seen 
in the United States between 1970 and 1992. 3  In spite of 
the rising incidence of ectopic pregnancy in the United 
States in the last 30 years, maternal mortality and mor-
bidity have declined considerably by  almost 90% from 
1979 to 1992. 3  Yet, ectopic pregnancy is still the leading 
cause of maternal death in the fi rst trimester of pregnan-
cy, having a mortality rate of 9% to 14%. 3  The decline 
in maternal mortality and morbidity can be attributed to 
routine endovaginal sonography, which is readily avail-
able in almost all clinical settings and is an essential tool 
in the early diagnosis of ectopic pregnancy. 4  

 The clinical diagnosis of ectopic pregnancy is made 
by physical examination in conjunction with diagnos-
tic sonography and human chorionic gonadotropin 
(hCG) radioimmunoassay. The anatomical information 
provided by the sonographic images is important in 
 making the diagnosis of ectopic pregnancy. A thorough 
understanding of sonographic features, implantation 
sites, scanning technique, and differential diagnoses 
is necessary for the practitioner to perform a proper 
sonographic evaluation of a patient at risk for ectopic 
pregnancy. Knowledge of the physiology of conception 
and gestation, along with an awareness of the mean-
ing of pertinent laboratory  values, clinical symptoms, 
and clinical histories that predispose one to ectopic 
 pregnancy, supplement the  information provided by the 
sonographic images. 

 ETIOLOGY 
 Each fallopian tube is derived from the müllerian duct 
system. It is the only connection between the perito-
neal cavity and the endometrial cavity. As the ovum is 
expelled from the dominant follicle and is swept up by 
the fi mbriae into the oviduct, certain conditions may 
impede its normal course and cause it to implant in the 
fallopian tube or other abnormal locations. 5  

 Conditions that prevent or hinder migration of the 
fertilized ovum to the uterine cavity are major risk 
factors for ectopic pregnancy; therefore, anything that 
could cause damage to the fallopian tube increases the 

subsequent risk of ectopic pregnancy (Table 15-1). 6  
The key risk factors for ectopic pregnancy include a 
history of ectopic pregnancy, prior tubal surgical pro-
cedures, and pelvic infl ammatory disease (PID), with 
previous ectopic pregnancy being the strongest asso-
ciated risk factor. 6,7  The possibility of a repeat ectopic 
pregnancy  increases signifi cantly with the number 
of prior ectopic pregnancies; women with an ectopic 
gestation are three times more likely to have had one 
prior ectopic gestation when compared to women with 
an intrauterine pregnancy (IUP). 6  Damage to the fal-
lopian tube also occurs from any  gynecologic surgery, 
endometriosis, history of multiple sexual partners, con-
genital uterine or tubal anomalies, history of placenta 
previa,  history of smoking (affects tubal motility), in-
fertility, use of intrauterine contraceptive device (IUD) 
(Fig. 15-1), increasing maternal age, and use of assisted 
reproductive techniques (ARTs). 6–8  However, more than 
half of ectopic pregnancies are diagnosed in women 
without known risk factors. 9  

 The increased rate of ectopic gestations in the last 
few decades may be a result of a rise in the incidence 
of sexually transmitted infections and PID, which  result 
in tubal impairment or blockage. 2  A history of PID is 
particularly signifi cant, as it raises the threat of an ec-
topic gestation sevenfold. 4  ARTs have also contributed 

TABLE 15-1

Risk Factors Associated with Increased Incidence of 
Ectopic Pregnancy

History of:
 previous ectopic pregnancy
 pelvic infl ammatory disease
 tubal surgical procedure
 gynecologic surgery
 multiple sexual partners
 placenta previa
 smoking
Endometriosis
Congenital uterine or tubal anomalies
Infertility
Assisted reproductive techniques
IUD use
Increased maternal age
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considerably to the increase in ectopic pregnancies, 
with an ectopic rate of 2.2% to 8.6%, compared to the 
general population’s rate of about 2%. 10  Both in vitro 
fertilization (IVF) and ovulation induction techniques, 
particularly with clomiphene citrate, increase the risk 
of an ectopic gestation because of theoretical  variances 
 involving conception via ART and natural concep-
tion. 10,11  The risk of ectopic pregnancy in women using 
ART varies with the type of procedure, the reproduc-
tive health of the woman, and the embryo implantation 
 potential. 10  Theories exist that certain embryo factors in 
abnormal gestations may cause an ectopic pregnancy, 
though it has been proven that the rate of  chromosomal 
abnormalities are comparable to that  expected for 
women with the same maternal and  gestational age. 12,13  

 CLINICAL PRESENTATION 
 The triad of clinical presentation of ectopic  pregnancy 
 includes vaginal bleeding, pelvic pain, and a palpable 
adnexal mass; however, these classic symptoms only 
arise in less than 45% of women with ectopics. 1  Most 
patients present with a history of amenorrhea, pelvic 
pain, and  irregular vaginal bleeding, but symptoms may 
range from completely asymptomatic (up to 50% of 
patients) to as severe as hypovolemic shock. 1,7,14,15  The 
amount of pelvic or abdominal pain the patient experi-
ences does not  always correlate with the size or location 
of the ectopic gestation. 15  Findings on physical exam 
vary with the hemodynamic condition of the patient; 
hypotension, tachycardia, shoulder pain from diaphrag-
matic irritation, signifi cant abdominal pain,  rebound 
tenderness and guarding, hypovolemic shock, or even 
diminished pain may all be signs of tubal  rupture and/
or hemoperitoneum 1,9,15,16  (Figs. 15-1 and 15-2).

 Ectopic pregnancies are typically diagnosed at 6 to 
10 weeks of gestation during the fi rst trimester. 9   Pregnancy 
is determined by the level of either a urine or serum con-
centration of  � -hCG. 9  The  � -hCG concentration rises 

rapidly and reaches a plateau around 9 to 11 weeks. 9,14  
In a normal IUP, the  � -hCG level should approximately 
double every 48 hours. 17  A rise of at least 53% should 
be seen in a normal IUP, if not,  ectopic gestation should 
be considered. 18  Women presenting with ectopic preg-
nancies tend to have lower than normal  � -hCG  levels 
that rise at a much slower rate; however, up to 21% of 
women with an ectopic gestation have  normal doubling 
times. 2,19,20  Ectopic pregnancies can have normally rising, 
falling, or a plateau of  � -hCG levels; thus, serial mea-
surements of  � -hCG are especially valuable. 9  

 The “discriminatory cutoff” is the level of  � -hCG at 
which a normal IUP can be seen with ultrasonography. 21  
A  � -hCG concentration above 1,500 to 2,500 mIU/mL 
is the discriminatory cutoff using endovaginal sonog-
raphy; therefore, if a normal IUP is not visualized at 
this level, it is most likely an abnormal gestation. 22–24  
When the  � -hCG level is below the discriminatory cut-
off and an IUP is not visualized, this could indicate 
an early normal IUP, a spontaneous abortion, or an 
 ectopic pregnancy. 25  Patients in stable condition with 
no evidence of a gestational sac by ultrasound should 
be monitored with serial  � -hCG levels and endovaginal 
 sonography using an algorithm (Fig. 15-1 and 15-2) for 
the  evaluation of an ectopic pregnancy. 26,27  

 SITES OF ECTOPIC PREGNANCY 
 A normal intrauterine gestation implants within the uter-
ine cavity above the level of the internal os, medial to the 
interstitial portion of the fallopian tubes, and frequently, 
eccentrically within the uterine cavity. 28  Those that do 
not implant within the uterine cavity are ectopic in loca-
tion. Ectopic pregnancies implant most often in the fallo-
pian tubes (95%), though interstitial, cornual, cervical, 
intramural, ovarian, and abdominal ectopics also occur 
(Fig. 15-3). 7,29  A tubal ectopic gestation usually occurs in 
the ampullary portion of the tube (70%), or less com-
monly in the isthmus (12%) or fi mbria (11.1%). 29  

A B
Figure 15-1 A: Ruptured tubal ectopic pregnancy (white arrowhead) seen in a patient with an IUD. B: Transverse image of the uterus showing 
the IUD (white arrows) located within the endometrial canal surrounded by blood. B, blood.
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Because of the proximity of the uterine arteries to the 
interstitial portion of the tube, hemorrhage can be 2.5 
to 5 times greater than in rupture of other types of ecto-
pic pregnancy. 32,33  The maternal morbidity and mortal-
ity rate associated with interstitial pregnancy rupture is 
elevated because of this, as high as 2% to 2.5%. 32  Prior 
ipsilateral salpingectomy and IVF can increase a wom-
an’s risk for interstitial pregnancy, whereas an IUD may 
actually protect against implantation in the interstitial 
portion of the tube. 29,31  

 Interstitial pregnancy occurs in the intramyometrial 
segment of the fallopian tube (Fig. 15-4) and accounts 
for 2% to 4% of all ectopic gestations. 30,31  The intramural 
segment of the tube in which the interstitial  pregnancy 
implants is completely surrounded by myometrium, 
 allowing for a greater degree of distensibility than other 
portions of the fallopian tube. 32  This distensibility allows 
the pregnancy to progress further without symptoms 
(as late as 16 weeks), leading to rupture at a later ges-
tational age and possible life-threatening hemorrhage. 32  

SUSPECTED ECTOPIC
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Figure 15-2 Management of stable patients with suspected ectopic pregnancy.
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 The terms cornual pregnancy and interstitial pregnan-
cy have been used interchangeably in  literature, though 
they are not synonymous. 33  A cornual pregnancy occurs 
within a rudimentary uterine horn or one horn of a bi-
cornuate or septate uterus (Fig. 15-5). 27,34  Even though 
it is implanted within the uterine cavity, a cornual preg-
nancy is classifi ed as an ectopic  pregnancy  because of 
its propensity to rupture in the second trimester. 35,36  
Cornual pregnancy accounts for less than 1% of ecto-
pic pregnancies. 7  Maternal morbidity and mortality are 
increased with cornual pregnancy for similar reasons as 
interstitial pregnancy: It may rupture at a later gesta-
tional age and critical hemorrhage could ensue. 7  

 Cervical pregnancy occurs when the gestation im-
plants within the endocervical canal (Fig. 15-6). 37  It is 
rare, accounting for less than 1% of all ectopic pregnan-
cies, and may be linked to risk factors such as previ-
ous curettage, anatomic anomalies, endometriosis, IUD 

use (may accelerate the course of the ovum through the 
uterus), and IVF. 37–39  Cervical pregnancies can produce 
signifi cant hemorrhage and be associated with high mor-
bidity and adverse consequences for future fertility. 38,39  

 Intramural pregnancy occurs by implantation of 
the gestation within the myometrium of the uterus. 40  
It is extremely rare and accounts for less than 1% of 
ectopic pregnancies. 40  Intramural pregnancies can be 
seen following procedures that cause an injury to the 
myometrium, including curettage, hysteroscopy, myo-
mectomy, metroplasty, and cesarean section, possibly 
due to tract formation through the myometrium. 41,42  Im-
plantation within the scar from a previous cesarean sec-
tion may be a result of the endometrial and myometrial 
disruption and scarring. 41  Cesarean scar pregnancy is 

Figure 15-3 Sites of implantation of the fertilized ovum in an  ectopic 
pregnancy.

Cervical

Interstitial
Tubal
(isthmus) Tubal

(ampullar)

Infundibular
(ostial)

Abdominal

Ovarian

Figure 15-4 Transabdominal sonographic image of an interstitial preg-
nancy. OV, right ovary; UT, uterus; white arrows, interstitial pregnancy.

Figure 15-5 A: Transverse image of a bicornuate uterus containing a gestational sac in the left horn. RH, right horn; LH, left horn. 
B: Transverse image of the left horn of the same cornual pregnancy showing very thinned myometrium around the gestation. M, myometrium.

A B
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Figure 15-6 Longitudinal endovaginal image of a cervical  pregnancy. 
I, internal os; E, external os; white arrow, cervical pregnancy.

Figure 15-7 Transabdominal image of an ovarian ectopic. OV, ovary 
tissue; DR, decidual reaction; F, fetus.

probably the rarest of all ectopic pregnancies, but there 
has been an increase in the number of cases reported, 
most likely owing to the great increase in the number 
of  cesarean deliveries in recent years. 43–45  Patients with 
an intramural pregnancy are at a signifi cant risk for 
 uterine rupture, causing massive hemorrhage and hy-
povolemic shock. 46,47  

 Ovarian pregnancy occurs when the fertilized ovum 
implants in the ovary (Fig. 15-7), though there is de-
bate on whether it is a result of secondary implantation 
of the embryo on the ovary or a failure of follicular 
extrusion. 48–50  It accounts for 1% to 3% of all ectopic 
gestations and the incidence has been increasing over 
the last two decades. 48,51  This increase is possibly due 
to the rise of the rates of sexually transmitted diseas-
es, PID, and use of IUDs; other risk factors for ovar-
ian pregnancy include endometriosis and ART. 48–53  IUD 
use is strongly associated with ovarian pregnancy; the 
IUD prevents implantation within the uterus and the 
fallopian tube but cannot protect against implantation 
within the ovary. 51,54  Women with ovarian pregnancies 

usually present with lower abdominal pain and bleed-
ing, and the pregnancy usually ends with rupture and 
hemoperitoneum because of the increased vascularity 
of ovarian tissue. 48  

 Abdominal pregnancy occurs when the ovum im-
plants within the intraperitoneal cavity, apart from 
tubal, ovarian, or intraligamentous sites. 7  It is uncom-
mon and accounts for up to 1.4% of ectopic pregnan-
cies. 55  Abdominal pregnancies can be divided into 
primary and secondary types; primary abdominal 
pregnancy occurs when the fertilized ovum implants 
within the intraperitoneal cavity directly, and second-
ary abdominal pregnancy occurs when a tubal ectopic 
pregnancy ruptures or aborts and reimplants within the 
intraperitoneal cavity. 56  Patients with abdominal preg-
nancy present with general malaise, nausea, vomiting, 
vaginal bleeding, and painful fetal movements. 56,57  The 
risk of  abdominal pregnancy is increased with PID, en-
dometriosis, tubal damage, multiparity, and ART. 58,59  
 Abdominal pregnancy has been reported having im-
planted on the uterine surface, liver, spleen, diaphragm, 
bowel, omentum, broad ligament, large vessels, and 
the  pelvic cul-de-sacs. 56,58,60–62  Because of their location, 
abdominal pregnancies can continue to a much more 
advanced gestational age; this places the mother at 
risk for  disseminated intravascular coagulation (DIC), 
bowel obstruction, and severe hemorrhage. 57,62  Signifi -
cant maternal mortality is associated with abdominal 
pregnancy, reported as high as 30%, and a perinatal 
mortality rate as high as 95%. 55,63  

 Heterotopic pregnancy occurs when two or more 
fertilized ova implant, usually an IUP and an ectopic 
pregnancy (Fig. 15-8). 64  It is exceptionally rare and 

Figure 15-8 Transverse transabdominal image of a  heterotopic 
 pregnancy. I, intrauterine gestational sac; EP, tubal ectopic  pregnancy; 
LO, left ovary; RO, right ovary; white arrows, uterus.
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 Endovaginal sonography allows visualization of the 
gestational sac with a double decidual sac sign (two 
concentric hyperechoic rings surrounding the  anechoic 
gestational sac) at 4 1/2 to 5 weeks of gestation in 
normal IUPs. 71,72  The yolk sac should be visualized by 
5 weeks and the fetal pole with possible cardiac motion 
at 5 1/2 to 6 weeks of gestation. 71  

 When the  � -hCG is below the discriminatory cut-
off and an IUP is not visualized, it could indicate a 
spontaneous abortion, early IUP, or an ectopic gesta-
tion; therefore, follow-up is suggested rather than treat-
ment. 25  When the  � -hCG is above the discriminatory 
cutoff and an IUP is not visualized, the patient may 
undergo a procedure to evacuate the contents of the 
uterus to determine whether the pregnancy was an 
abnormal IUP or an ectopic pregnancy. 2  It is also ad-
vised in this situation to monitor the patient with serial 
 � -hCG measurements and sonography examinations 
before providing treatment. 26,27  

 The absence of an IUP with a  � -hCG level above the 
discriminatory cutoff should prompt a thorough inves-
tigation with transabdominal and endovaginal sonogra-
phy to locate the ectopic pregnancy; however, 35% of 
ectopic gestations do not have a visible adnexal mass or 
abnormality. 7  If no signs of an IUP or ectopic pregnancy 
are seen on endovaginal sonography, it is described as 
a pregnancy of unknown location (PUL). 73  The rate of 
PULs ranges from 8% to 31% because of the  differences 
in the quality of the sonogram. 73,74  The initial sono-
graphic exam detects up to 90% of ectopic pregnancies; 
the diagnosis should be found on the visualization of 
an adnexal mass using endovaginal sonography. 70,75  

 The sonographer must systematically evaluate all 
potential sites of implantation when an ectopic preg-
nancy is in question. Evaluate the entire uterus in 

accounts for 1:30,000 natural pregnancies. 65,66  Het-
erotopic pregnancy increases considerably with ART 
procedures from ovulation induction and controlled 
ovarian hyperstimulation, with a rate of 1% to 3% of 
pregnancies from IVF. 67,68  Abdominal pain is the most 
frequent symptom seen with heterotopic pregnancy; 
vaginal bleeding rarely occurs due to the concomitant 
IUP. 67  A positive outcome of the IUP is seen in about 
66% of heterotopic pregnancies. 69  

 SONOGRAPHIC PROTOCOL 
 Optimal visualization of the uterus and adnexa is 
 crucial in the sonographic evaluation of a suspected 
ectopic pregnancy. The sonographer must be familiar 
with the patient’s medical and surgical history as well 
as his or her clinical presentation to correlate the so-
nographic fi ndings and formulate the differential di-
agnosis. The goal of the sonogram is to establish the 
presence of an IUP; however, this does not rule out an 
ectopic  gestation. 7,70  

 Transabdominal sonography was the principal im-
aging method used to evaluate for ectopic pregnancy. 1  
It is very useful for obtaining more complete views 
of the adnexa, fundal region, fl ank areas, and abdo-
men (Fig. 15-9) and has a diagnostic reliability around 
70%. 1  The diagnosis of ectopic pregnancy has been 
radically improved by the use of endovaginal sonogra-
phy (Fig. 15-10); it has a sensitivity and specifi city of 
90.9% and 99.9%, respectively. 4,70  Endovaginal sonog-
raphy should demonstrate an IUP when  � -hCG levels 
are above the discriminatory zone (1,500 to 2,500 mIU/
mL). 22–24  Transabdominal sonography demonstrates an 
IUP when  � -hCG levels are above 6,500 mIU/mL. 15  

Figure 15-9 Transabdominal image of the uterus in longitudinal 
showing a tubal ectopic pregnancy in the posterior cul-de-sac. 
UT, uterus; EP, tubal ectopic pregnancy.

Figure 15-10 Endovaginal image showing the same tubal ectopic 
pregnancy (white arrows) as Figure 15.8. Y, yolk sac; F, fetus.
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pseudosac may be seen within the uterus (Fig. 15-13) 
and must not be confused for a normal gestational sac; 
a pseudosac is a fl uid collection caused by bleeding 
from the decidualized endometrium. 71  A true gestation-
al sac and a pseudosac can be differentiated by their lo-
cation within the endometrium; a pseudosac is within 
the endometrial cavity and a gestational sac abuts the 
endometrial canal. 71  Also, a pseudosac is surrounded 
by a single layer of tissue and a gestational sac should 
have the typical double decidual sac sign. 28  

 An interstitial pregnancy demonstrates on sonog-
raphy as an eccentrically located gestational sac sur-
rounded by a very thin layer of myometrium (less than 
5 mm). 7  This layer of myometrium (Fig. 15-14) makes 
the diagnosis of interstitial pregnancy extremely prob-
lematical by sonography; it is the most diffi cult type of 
ectopic gestation to diagnose. 28,33  Visualization of the 
interstitial line, described by Ackerman et al., may be 
a sensitive sign of an interstitial pregnancy. 76  It is an 

both longitudinal and transverse views and investigate 
the endometrium to fi nd signs of an IUP or pseudo-
sac  formation. Inspect both adnexa thoroughly for the 
identifi cation of any masses; any mass found should be 
noted, characterized, and treated as a potential ectopic 
pregnancy until proven otherwise (Table 15-2). An ecto-
pic gestation can be defi nitively diagnosed when cardiac 
activity is identifi ed outside of the endometrial cavity 
(Fig. 15-11). 4  Sonographic evaluation also  includes the 
hepatorenal recess (Morison’s pouch) and paracolic gut-
ters to evaluate for the extent of free fl uid, such as blood 
from a ruptured ectopic gestation or peritoneal fl uid 
from a ruptured ovarian cyst (Fig. 15-12). 

 SONOGRAPHIC CHARACTERISTICS 
 UTERINE 

 In the setting of an ectopic pregnancy, the uterus may 
appear normal. Typically, the endometrium is  thickened 
because of the decidual reaction during pregnancy; an 
endometrial stripe thickness less than 8 mm can be 
indicative of an abnormal or ectopic pregnancy. 4  A 

Figure 15-11 Cardiac activity documented with M-mode within the 
fetus of a tubal ectopic pregnancy.

Figure 15-13 A pseudosac (white arrow) visualized within the 
 endometrial canal in the presence of an ectopic gestation.

Figure 15-12 Free fl uid from a ruptured tubal ectopic pregnancy 
seen within Morison’s pouch. L, liver; RK, right kidney; FF, free fl uid.

TABLE 15-2

Scanning Protocol for the Evaluation of an 
Ectopic Pregnancy

• Be acquainted with the patient’s clinical history, 
pregnancy test results, and last menstrual period

• Use transabdominal sonography to examine the uterus 
and adnexae in longitudinal and transverse planes

• Evaluate the cul-de-sacs, pericolic gutters, and Morison’s 
pouch for free fl uid

• Use endovaginal sonography to evaluate the uterus, 
adnexae, and cul-de-sacs in coronal and transverse 
planes

• Describe sonographic fi ndings and establish a preliminary 
impression
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 gestational sac is seen within the cervix and cardiac 
activity is visualized below the level of the internal os 
(Fig. 15-15), a cervical pregnancy is evident. 78  The slid-
ing sac sign is very useful in the diagnosis of cervical 
pregnancy; if gentle pressure from the transducer can 
move the gestational sac, it is not implanted in the cer-
vical canal and is most likely an abortion in progress. 79  

 An intramural pregnancy demonstrates a gestation-
al sac completely surrounded by myometrium with 
no communication with the endometrial cavity. 38  A 
cesarean scar pregnancy can be diagnosed by using 
the  criteria proposed by Vial et al.: (1) the trophoblast 
is located  between the bladder and the anterior uter-
ine wall, (2) fetal parts are not present in the uterine 
cavity, and (3) in a sagittal view, no myometrium is 
seen between the gestational sac and the urinary blad-
der, illustrated by the lack of continuity of the anterior 
uterine wall. 47  

 EXTRAUTERINE 

 Adnexal masses can be visualized as a tubal ring, a 
complex or solid adnexal mass, a nonliving embryo or 
yolk sac, or a live embryo with cardiac motion. 4  The ad-
nexal mass is more explicitly an ectopic pregnancy 
when a yolk sac or embryo is seen within it. 4  A tubal 
ectopic pregnancy is usually seen as the tubal ring sign 
(Fig. 15-16), which is a hyperechoic ring that surrounds 
an extrauterine gestational sac; this should move inde-
pendently from the adjacent ovary. 4,80  

 An ovarian pregnancy is surrounded by ovarian cor-
tex. 28  Pathologic criteria, described by Spiegelberg, can 
assist with the diagnosis of ovarian pregnancy: (1) the 
tube must be entirely normal, (2) the gestational sac 
has to be anatomically located in the ovary, (3) the 
ovary and the gestational sac have to be connected to 
the uterine ovarian ligament, and (4) placental tissue 
has to be mixed with ovarian cortex. 28  The sonographic 
image demonstrates a wide echogenic ring (Fig. 15-17), 
possibly containing a yolk sac or fetus, on the ovary. 51  

echogenic line that extends into the midportion of the 
gestational sac and represents the interstitial  portion of 
the fallopian tube. 76  The diagnosis of interstitial preg-
nancy can also be aided by the criteria developed by 
Timor-Tritsch et al.: (1) an empty uterine cavity, (2) a 
gestational sac greater than 1 cm from the most lateral 
point of the endometrial cavity, and (3) a gestational 
sac surrounded by a thin myometrial layer. 77  

 A cornual pregnancy can be diagnosed by visualizing 
a single interstitial portion of the fallopian tube, a ges-
tational sac surrounded by myometrium separate from 
the uterus, and by demonstrating a vascular  peduncle 
adjoining the gestational sac to the unicornuate uter-
us. 28  A gestational sac seen in one horn of a bicornuate 
uterus is also considered a cornual pregnancy. 33  

 A cervical pregnancy frequently presents during 
the sonographic exam as an hourglass-shaped uterus 
from the gestation expanding the cervical canal. 7  If a 

Figure 15-14 Thinned myometrium (white arrowheads) surrounding 
an interstitial pregnancy. G, gestational sac; UT, uterus.

Figure 15-15 A: Positive fetal cardiac activity seen within a cervical pregnancy. B: Longitudinal endovaginal image of the same cervical preg-
nancy (white arrowhead). UT, uterus; I, internal os.

A B
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Figure 15-16 Tubal ring sign (white arrow) seen in a transverse 
 endovaginal image of an early unruptured tubal ectopic pregnancy. 
UT, uterus; LO, left ovary.

Ovarian pregnancies are frequently confused with cor-
pus luteum cysts, which are more hypoechoic than the 
echogenic decidual reaction of the ovarian pregnancy 
(Fig. 15-18). 49,81  

 Abdominal pregnancy can be diagnosed using the 
criteria described by Allibone et al.: (1) demonstration 
of a fetus in a gestational sac outside the uterus, (2) 
failure to visualize the uterine wall between the fetus 
and urinary bladder, (3) close proximity between the 
fetus and the anterior abdominal wall, and (4) localiza-
tion of the placenta outside the confi nes of the uterine 
cavity. 82   Extended fi eld of view (EFOV) or panoramic 

Figure 15-17 Ovarian pregnancy (black arrow) seen on a transab-
dominal image of the right ovary. O, ovarian cortex.

Figure 15-18 Corpus luteum (white arrow) appearing hypoechoic 
on the ovary and tubal ectopic pregnancy (black arrowhead) appear-
ing more hyperechoic adjacent to the ovary. OV, right ovary.

sonography is a useful tool for visualizing an abdomi-
nal pregnancy. 56  

 Heterotopic pregnancy is diagnosed with sonogra-
phy upon visualization of an IUP and a concomitant 
extrauterine pregnancy (Fig. 15-19). 7  When an IUP is 
seen, the ectopic gestation could be easily missed or 
confused with the corpus luteal cyst. 83  One must con-
tinue to search for a possible ectopic gestation, espe-
cially in patients undergoing ART; though this may be 
diffi cult because of ovarian hyperstimulation and the 
multiple luteal cysts that result. 67  

 Acute rupture of an ectopic pregnancy images as 
a formation of a complex mass-like area  representing 
hemorrhage (Fig. 15-20); when there is a partial or 
complete rupture, a variety of sonographic appear-
ances visualize. The adnexal mass is larger in patients 
with a ruptured tubal pregnancy (Fig. 15-21) versus 
an unruptured tubal pregnancy (Fig. 15-22) because 
of the blood and gestational contents comprising the 
larger adnexal mass. 84  Free fl uid (Fig. 15-23) is the 
most obvious indicator of a ruptured ectopic pregnan-
cy, though it is nonspecifi c and could be the result of a 
ruptured ovarian cyst. Hematosalpinx, hemoperitone-
um, fl uid within Morison’s pouch, pelvic cul-de-sacs 
(Fig. 15-24), or paracolic gutters are all fi ndings that 
help with the diagnosis of a suspected ectopic preg-
nancy. 7  Pelvic hemorrhage is a very specifi c fi nding for 
a ruptured ectopic pregnancy, with up to a 93% posi-
tive predictive value when there is an abnormal  � -hCG 
level. 7  Yet in one study, up to 21% of patients with 
tubal rupture had no signs of intraperitoneal fl uid, and 
therefore, the appearance of the adnexal mass during 
the sonographic exam does not necessarily correlate 
with tubal rupture. 84  



Figure 15-19 A: Crown-rump length of the fetus (black arrow) in an intrauterine pregnancy. B: The concomitant ruptured tubal ectopic 
 pregnancy (between calipers) seen medial to the left ovary.

A B

Figure 15-20 Ruptured tubal ectopic pregnancy (black arrows) is 
not easily seen because of the blood and clot material (white arrows) 
within the right adnexa. OV, right ovary; C, corpus luteal cyst.

Figure 15-21 Adnexal mass (white arrows) seen in a patient with a 
ruptured tubal ectopic pregnancy.

Figure 15-22 Adnexal mass (white arrows) seen in a patient with an 
unruptured tubal ectopic pregnancy.

Figure 15-23 Free fl uid seen within the right adnexa in the presence 
of a ruptured ectopic pregnancy. FF, free fl uid; OV, right ovary.
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 COLOR DOPPLER 

 The detection of vascularity with color Doppler around 
a questionable adnexal mass may be useful in the 
 diagnosis of an ectopic pregnancy. 85  The “ring of fi re” 
sign is frequently described as a fi nding in an ectopic 
pregnancy; this represents the increased blood fl ow sur-
rounding an ectopic gestation. 86  A pulsed spectral Dop-
pler of this fl ow usually shows a low resistive index, 
which is a proposed indicator of an ectopic  pregnancy. 85  
Color Doppler is limited, though, in its diagnostic proper-
ties, as the corpus luteum may also have a similar  color 
Doppler pattern and resistive index and could therefore 
be mistaken for an ectopic pregnancy (Fig. 15-25). 87  

 Color Doppler is also useful in determining if a 
 gestation is an abortion in progress versus a cervical 
pregnancy or cesarean scar pregnancy. An aborting 
gestational sac is avascular and a viable gestation is 
well perfused when visualized with color Doppler. 41  
This technique could also be helpful in determining the 
difference between a pseudosac and a viable gestation 
within the uterus. 7  

Figure 15-24 Complex free fl uid within the anterior and posterior 
cul-de-sacs. A, anterior cul-de-sac; UT, uterus; P, posterior cul-de-sac.

Figure 15-25 “Ring of fi re” (white 
arrowhead) seen surrounding a tubal 
ectopic pregnancy and similar color 
Doppler (long white arrow) fl ow seen 
around the corpus luteal cyst.

 ALTERNATE DIAGNOSTIC MODALITIES 
 Other diagnostic modalities may be employed for the 
evaluation of ectopic pregnancy when the sonographic 
fi ndings are equivocal. If it is an undesired  pregnancy, 
a uterine curettage may help with the diagnosis to 
 determine if chorionic villi are present within the uterus 
or not. 88  Culdocentesis was once widely used to  diagnose 
hemoperitoneum in patients with a  suspected ectopic 
pregnancy, but it has a very limited value with the tech-
nology we now utilize. 89  Laparotomy was  often used for 
the diagnosis of ectopic pregnancy in the past; today, 
laparoscopy may be used for diagnostic purposes when 
sonography fails to visualize the ectopic pregnancy. 2  

 Less invasive diagnostic modalities now exist for the 
evaluation of ectopic pregnancy. CT and MRI are used 
when endovaginal sonography is unable to locate an 
ectopic gestation or differentiate it from a spontaneous 
abortion. MRI can confi rm or better defi ne an ectopic 
pregnancy with its superior tissue contrast (Fig. 15-26); 
it also provides information on the maturity of blood 
that is present within the pelvis and abdomen. 90  It is 
considered the gold standard for diagnosing abdominal 
pregnancy because of its accurate localization of sites 
of abnormal implantation and is therefore also extreme-
ly informative in cases of possible intramural/cesarean 
scar pregnancies. 38,56  

 TREATMENT 
 Therapeutic treatment options for ectopic pregnancy 
include expectant management, medical therapy, and 
surgery. 91  Most ectopic pregnancies are detected early 
in gestation before tubal rupture since the advent of 
endovaginal sonography and rapid access to quantita-
tive  � -hCG testing; this allows for more conservative 
methods of treatment to be utilized in hemodynami-
cally stable patients. 92  

 Expectant management follows the natural history of 
the ectopic pregnancy, with the thought that the  ectopic 
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gestation can resolve spontaneously by regression or 
tubal abortion. 9,93  A good number of ectopic pregnan-
cies diagnosed with endovaginal sonography would 
not have been detected in the past, and some of these 
would have resolved with no treatment. 93  The success 
rate of expectant management ranges from 7% to 40%; 
the success is increased with a lower initial  � -hCG 
level, decreasing trend in  � -hCG levels, and an absent 
gestational sac. 93,94  

 Medical treatment with the antimetabolite cytotoxic 
drug methotrexate (MTX) has changed the treatment of 
ectopic pregnancy and facilitated a more conservative 
management technique. 95  MTX is a folic acid antagonist 
that impedes DNA synthesis in dividing cells. 9  It can be 
administered systemically as a  single dose or multiple 
doses or can be directly  injected into the ectopic gesta-
tion. 95  When administered properly, MTX has a success 
rate up to 94%; multiple-dose therapy has a greater 
success rate than single dose but with the consequence 
of more side effects. 9  Medical treatment with MTX is 
indicated when the patient is hemodynamically stable, 
has a  � -hCG level less than 5,000 mIU/mL, is willing 
to follow up with monitoring after treatment, and when 
there is no fetal cardiac activity. 9  

 Surgical management of ectopic pregnancy is per-
formed on patients who have contraindications to medi-
cal treatment, have had medical treatment failure, or 
are  hemodynamically unstable. 9  The most successful 
treatment for a tubal ectopic pregnancy is laparoscop-
ic surgery—it is more cost-effective; has less operative 
time, blood loss, and anesthetic need, a faster recov-
ery time; and fewer postoperative complications than 

Figure 15-26 MRI image showing the gravid left uterine horn (white 
arrowhead) and empty right uterine horn (long white arrow) in a 
 bicornuate uterus.

laparotomy. 9,91  Salpingostomy or salpingectomy can be 
performed during the laparoscopy; salpingostomy is 
preferred for women desiring future fertility, but salpin-
gectomy may be required in women with tubal rupture, 
 recurrent ectopic pregnancy in the same tube, a severely 
damaged tube, or in cases where the diameter of the ges-
tational sac exceeds 5 cm. 9  Laparotomy is still necessary 
for some cases of abdominal pregnancy, cornual and in-
terstitial pregnancy, and cervical pregnancy, and also in 
severely hemodynamically unstable patients. 56,92,96  

 SUMMARY 
• An ectopic pregnancy is the implantation of a fertil-

ized ovum outside of the endometrial cavity.

• The three biggest risk factors are a history of ectopic 
pregnancy, prior tubal surgical procedure, and PID.

• b-hCG levels rise slower with an ectopic pregnancy 
than with an IUP.

• Discriminatory cutoff is the level of b-hCG when an 
IUP can be visualized with sonography.

• Ectopic pregnancies occur most often in the fallopian 
tube, but can also be interstitial, cornual, cervical, 
intramural, ovarian, or abdominal.

• Heterotopic pregnancy occurs when two or more fer-
tilized ova implant, usually an IUP and an ectopic 
pregnancy.

• The double decidual sac sign can be visualized with en-
dovaginal sonography at 4 1/2 to 5 weeks of gestation.

• The yolk sac should be visualized by fi ve weeks 
 gestation.

• The fetal pole should be visualized by 5 1/2 to 
6 weeks of gestation, possibly with cardiac motion.

• An ectopic pregnancy can be diagnosed when car-
diac activity is identifi ed outside of the endometrial 
cavity.

• A pseudosac within the uterus with an endometrial 
stripe thickness of less than 8 mm is suspicious for 
an ectopic pregnancy.

• An interstitial pregnancy is visualized as an eccentri-
cally located gestational sac surrounded by myome-
trium measuring less than 5mm.

• A cornual pregnancy is diagnosed by visualizing 
a single interstitial portion of the fallopian tube, a 
gestational sac surrounded by myometrium separate 
from the uterus, and a vascular peduncle adjoining 
the gestational sac to the unicornuate uterus or one 
horn of a bicornuate uterus. 

• A cervical pregnancy may present as an hourglass-
shaped uterus due to the gestation expanding the cer-
vical canal.

• An intramural pregnancy is visualized as a gestation-
al sac completely surrounded by myometrium with 
no communication to the endometrial cavity.
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• Extrauterine ectopic pregnancies may be visualized 
as a tubal ring, a complex or solid adnexal mass, a 
nonliving embryo or yolk sac, or alive embryo with 
cardiac motion.

• Ovarian cortex surrounds an ovarian pregnancy 

• Abdominal pregnancies are diagnosed when a fetus 
is visualized outside of the uterus, if no uterine wall 
can be seen between the fetus and the urinary blad-
der, if there is close proximity between the fetus and 
the anterior abdominal wall, or if a placenta is found 
outside of the uterine cavity.

• Color Doppler may demonstrate a “ring of fi re” 
around an ectopic pregnancy, but a corpus luteum 
may also have a similar color Doppler pattern.

• MRI can confi rm or better defi ne an ectopic pregnan-
cy; it is the gold standard for diagnosing abdominal 
pregnancy.

• Treatment options for ectopic pregnancy include ex-
pectant management, medical therapy, and surgery.
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 16  Assessment of Fetal Age and Size 
in the Second and Third Trimester
Susan Johnston

KEY TERMS

biparietal diameter (BPD) | head circumference (HC) | abdominal circumference (AC) | 
femur length (FL) | cephalic index (CI) | binocular distance (BOD) | humeral 
length (HL) | HC/AC ratio

OBJECTIVES

Recognize the correct level for obtaining standard second and third trimester 
biometric measurements

Explain the use of multiple biometric parameter accuracy in fetal dating

Summarize the use of alternate dating methods such as humerus, forearm, lower leg, 
cerebellar, and ocular measurements

Discuss the correct method for measuring fetal biometry

Calculate estimated fetal weight

List fetal ratios that help determine normal growth of the fetus

Marcrosomia Fetus over 4,000 grams (g) (8 pounds, 
13 oz)

Occipito-frontal diameter (OFD) Measurement from 
the frontal to the occipital obtained at the same level as 
the BPD

Predictive value Precision rate or the probability of 
disease

GLOSSARY

Axial resolution Minimum distance between two 
bright echoes along the path of the ultrasound beam, 
which is half the spatial pulse length

Cephalic index (CI) Ratio of the BPD to the OFD

Lateral resolution Minimum distance between two 
bright echoes at right angles (perpendicular) to the 
 ultrasound beam path directly related to the beam 
width and focal zone

 A critical portion of any obstetrical sonographic exami-
nation involves measuring various parameters of the 
pregnancy. These measurements have two  objectives: 
to estimate the fetal age and to determine the size 
and development of the fetus. These interrelated ob-
jectives indicate not only fetal size but dating of the 
 pregnancy, assuming a normal pregnancy. Obstetric 
patient  management requires accurate evaluation and 
fetal age determination. 

 Two terms used to indicate the expected birth date 
are the estimated date of confi nement (EDC) or es-
timated delivery date (EDD). Fetal age calculation 
based on this date is often called the gestational age, 
although it is actually counted from the fi rst day of the 
last menstrual period (LMP) and not from the date of 

conception. The dates of the pregnancy are important 
for planning the mode and date of delivery, screen-
ing evaluation for aneuploidy, determining dates of 
possible termination, gauging fetal growth, and sug-
gesting whether or not the pregnancy is progressing 
normally. An important indicator of fetal health is the 
estimated size.  

 Sonographic measurements (biometry) aid in es-
timation of the fetal size and dates. The parameters 
discussed were selected because they are relatively ac-
curate and easy to obtain. No single measurement con-
sistently dates all fetuses, resulting in the use of several 
measurements. Using more than one or two fetal pa-
rameters also improves the accuracy in assessing dates 
and fetal size. 1–4  
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menstrual period  (LNMP) is used only for the fi rst day 
of the last period as reported by the woman. 

 ACCURACY OF SONOGRAPHIC 
MEASUREMENTS 
 Image resolution determines the biometric accuracy 
of any sonogram. Two factors govern the resolution of 
a sonographic beam, axial and lateral (beam width) 
resolution. 9–11  Axial resolution involves measurements 
along the axis or path of the beam parallel to the ultra-
sound beam direction. Lateral resolution governs any 
dimension measured transversely at right angles to the 
beam direction, or across the path of the beam. The 
focal range of a sonographic transducer is the depth at 
which the sound beam width (lateral resolution) is nar-
rowest or best focused (Fig. 16-1). 

 Axial resolution is related directly to the frequency 
of the sound and the pulse length and reproduction 
rate of those pulses producing the sonographic beam. 
Short and frequent pulses yield the greatest axial reso-
lution. An ultrasound system cannot distinguish the 
echoes from two structures separated by less than the 
length of a single pulse. This explains why transduc-
ers that produce higher frequency sound usually pro-
duce shorter pulses and therefore have better axial 
resolution. 14  Accordingly, a sonographer should use the 

 GENERAL SCANNING 
METHODOLOGY AND USE OF 
FETAL AGE CHARTS 
 All normal fetuses originate from a single fertilized egg 
and grow to a birth size that varies from infant to in-
fant. Early measurements of the embryo result in the 
most accurate dating, as individual differences have yet 
to become evident. 1  Because of this, once the gesta-
tional age has been determined and confi rmed by an 
ultrasound, this date should never change. Growth in-
dividuation takes place later in gestation. 

 Normal human fetuses tend to be uniform in mor-
phology with an ethnic group. 2,5,6  Although there may be 
some differences in various normal growth parameters 
due to altitude, genetics, maternal smoking, and other 
infl uences, such differences are small in most cases. 
This is especially true of the average fetus early in ges-
tation. Variations in any single parameter’s prediction 
of age will usually be less than  � 10% of the age at any 
given time in pregnancy ( � 2 weeks at midpregnancy 
and  � 4 weeks at term). This means that virtually any 
published chart derived with valid scientifi c methodolo-
gy can be used to estimate fetal age. It is important that 
the user know how the measurements were generated 
to compose a given chart. If, for example, the chart was 
created using biparietal diameter (BPD) measurements 
that were taken from the outer edge to the inner edge 
of the skull, it will produce valid age estimates only if 
the BPD for the fetus being examined is measured in the 
same manner. In other words, if the sonographer does 
not know how the author of a particular chart took the 
measurements and did the calculations to produce that 
chart, then the use of that chart may lead to error. 

 Some experts recommend measuring a parameter 
several times and averaging for the measurement of 
record 7  and others believe that one single “correct” 
measurement is suffi cient. 8  The former is the preferred 
measurement method. Multiple measurements (three 
or more) are made of any given parameter and are 
 observed for a “cluster” with a range of  � 2 or 3 mil-
limeters (mm). Any measurements that fall outside the 
cluster are discarded and the remaining measurements 
are averaged for the measurement of record. 

 There are generally two ways of listing fetal age in 
charts. One is to list the estimated age in weeks and 
days; the other is to use weeks and tenths of weeks; 
either method is valid. Fetal age is usually computed in 
“menstrual weeks” because of the historical precedent 
of using the date of the LMP for calculating the dates of 
the pregnancy. Normally conception takes place about 
2 weeks after the LMP. Birth normally occurs 40 weeks 
from the LMP (a 38-week gestation  � 2 to 3 weeks). 
In this chapter fetal age is given as the number of weeks 
since the LMP, unless otherwise stated (i.e.,  28 weeks 
LMP  means the pregnancy has completed the 28th but 
not the 29th week after the LMP). The term  last normal 
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Figure 16-1 Axial and lateral resolution. A stylized drawing of the 
shape of a linear array transducer beam and the resulting fi eld of 
view (FOV). The focal range is at the narrowest portion of the beam. 
In this image, there is equal distance between various points. AB � 
CB � ED. Lateral resolution images points C & B and E & D; however, 
the decreased distance between D & E fails to demonstrate sepa-
rate echoes due to the thickness of the beam width. Axial resolution 
demonstrates separation of points A & B. (From DuBose TJ. Fetal 
Sonography, Philadephia, WB Saunders, 1996; p 73.)
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skull can produce measurement errors in BPD as well as 
the cephalic index in as many as 45% of the cases. 17–19  

 Other problems may occur in progressive diseases such 
as hydrocephalus or maternal diabetes. If only one or two 
measurement parameters are used, then in the event of 
progressive abnormalities or changing fetal or intrauterine 
conditions one may have diffi culty comparing biometric 
information on follow-up examinations. For this  reason, 
it is recommended that the following measurements be 
obtained routinely as a minimum: head measurements 
(BPD and HC), abdominal circumference (AC), and the 
length of at least one extremity long bone, preferably the 
femur. As a rule, the more measurements obtained and 
averaged, the more accurate the fetal age estimate. 

 In 1983, Hadlock and coworkers 20  found that through-
out pregnancy an average gestational age  determined 
from multiple fetal parameters (BPD, HC, AC, and the 
femoral diaphysis length [FL]) yielded a more accurate 
estimation of fetal age throughout gestation than any 
single parameter used alone. They referred to this aver-
age age as the multiple fetal parameter (MFP) average 
age. 20,21  This research was replicated and confi rmed in 
1986 by Ott. 22  The average of MFP is a more accurate 
indicator of fetal age for two reasons. Fetal parameters 
obtained early in gestation are so small that any  error 
in measurement due to the limits of resolution in the 
sonographic instrument used or to operator  error will 
be relatively larger. In addition, late in gestation there 
is more molding of the fetal skull, leading at times to 
relative dolichocephaly and brachycephaly, and other 
individuation of fetal proportions (i.e., some fetuses are 
fatter, some thinner, some longer, and some shorter). 
Using multiple parameters tends to minimize these 
 errors and average out normal individual variations. 1,3  
Inherent in the concept of estimating age from an 
 average of MFPs is the idea that no single parameter 
is a perfect indicator of fetal age. 1,2  This is because all 
 people have slightly different proportions. 

 Fetal parameter ages can also be estimated using 
polynomial formulas. 1  Sonographic equipment often 
uses these complex formulas as built-in software to es-
timate fetal ages and weights. The operator only needs 
to take the parameter measurement and the formula 
calculations are invisible to the sonographer. 

 MEASUREMENT TECHNIQUES IN THE 
SECOND AND THIRD TRIMESTER 
 FETAL HEAD MEASUREMENTS 

 Biparietal Diameter 
 The fetal BPD has long been a primary sonographic 
measurement for determining fetal age. The BPD is 
usually easy to obtain, has a distinctive appearance, 
and provides a relatively accurate measurement. 

 The BPD measurement carries a small interobserver 
variance or error (usually  � 2 mm), but molding and 

highest-frequency transducer that produces adequate 
penetration and diagnostic-quality images. 

 Lateral resolution is related to beam width. In gen-
eral, the wider the beam of sound, the wider a single 
echo in the image will appear. An ultrasound system 
cannot separate echoes that are closer together than the 
width of the beam. A beam width artifact tends to make 
measurement points a bit fuzzy. 9,12  Cursors should be 
placed at the edge of the most defi nite echo observed 
but should not include the beam width artifact. 

 It is important for the sonographer to understand 
how the orientation of a measured fetal structure 
 affects fetal measurement accuracy with regard to  axial 
and lateral resolution. In general, images obtained 
along the beam axis using the axial resolution have 
the least measurement error, whereas measurements 
taken transversely to the beam using lateral resolution 
have the greatest errors. Usually only the BPD and the 
diameter of the fetal abdomen that are parallel to the 
beam can take advantage of the lesser measurement 
errors obtained using axial resolution. Almost all other 
parameters are measured using  lateral resolution and 
exhibit some indistinctness at the edges owing to beam 
width artifact. To obtain measurements of the greatest 
accuracy, the sonographer must  exercise judgment and 
skill to select the appropriate transducer, obtain images, 
and place cursors for measurements. 

 Although any modern real-time transducer can be 
used effectively for fetal measurements, curvilinear and 
linear-array transducers, with their larger near fi eld of 
view, make measurements easier to obtain in advanced 
pregnancy. 13 All transducers used to obtain measure-
ments should be tested for accuracy. Sonographers can 
test for proper equipment function using an American 
Institute of Ultrasound in Medicine (AIUM) Standard 
Test Object or other acceptable phantoms. If measure-
ments on the test object appear inaccurate, the machine 
should be recalibrated by an authorized service person. 
Generally, sonographic measurement errors in the range 
of 1% to 2% (1 or 2 mm/10 cm) may be expected. 14  
These standard errors may be due to beam width, ma-
chine calibration, and cursor placement variation. 14–16  

 MULTIPLE FETAL PARAMETERS 
TECHNIQUE 
 Because all fetuses are proportioned differently, it must 
be recognized that any single fetal parameter, used 
alone, may not be as specifi c an indicator of fetal age as 
desired. This is especially true later in pregnancy. This 
can be an important consideration with serial studies 
for fetal growth and development, because in subse-
quent examinations fetal position or other changing 
conditions may preclude exact replication of a set of 
fetal measurements used in earlier examinations. It has 
been found that in cases of premature rupture of the 
membranes, the external uterine pressure on the fetal 
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 The BPD is measured from the fetal parietal bones 
that form the lateral walls of the skull (Fig. 16-4 and 
19-2). Measure the BPD at the widest transverse di-
ameter of the skull, just above the ears. The view for 
the BPD measurement should be made perpendicular 
to the interhemispheric fi ssure (midline) in either the 
transverse or coronal plane and should include the 
thalamus. 1,2  Exclude the soft tissue of the scalp when 
measuring from the leading edge of the parietal bone. 
Decreasing the system overall gain helps distinguish 
soft tissue from bone; the bone echoes persist at the 
lower settings. 

 If the fetus’s face is turned directly toward or away 
from the maternal spine or if the fetus’s head is low 
in the pelvis, behind the maternal pubic bone, mea-
surement of the BPD may be diffi cult. When the 
 fetus’s head is low in the pelvis, a slight Trendelen-
burg position  (maternal pelvis elevated, head lowered) 
sometimes helps to bring the head out of the mother’s 
pelvis. The fetus may move to a more convenient po-
sition in response to the  mother’s changing position 
or if the sonographer proceeds with other parts of the 
examination and returns later to try the measurement 
again. As uncooperative as fetuses may be, an experi-
enced sonographer should be able to obtain accurate 
BPD measurements at least 95% of the time. In the rare 
event of an extremely uncooperative fetus when no sat-
isfactory BPD can be obtained, other fetal parameters 
may serve as indicators of fetal age. If the fetal head is 
very low in the pelvis, an endovaginal transducer may 
allow BPD measurements. 17  

 The accuracy of the predictive value of the BPD  (Table 
16-1) has been reported by some authors as  � 3 weeks 

normal morphologic variations of the fetal head have 
a greater effect on the accuracy of BPD in assessing 
age. These effects and the lesser reliability of the BPD 
measurements tend to be greatest after the 33rd men-
strual week, when extrinsic pressure on the fetal skull 
is greatest. The resulting fetal skull molding makes the 
BPD a less accurate parameter for fetal age after that 
time. The BPD can also be affected by oligohydramnios, 
which can enhance molding of the skull. 18,19,23  

 Most of the published BPD charts were created using 
leading edge measurements (outer skull table to inner 
skull table) obtained in a transverse view with a lateral 
approach (Fig. 16-2). The plane of this transverse view 
has been widely described. Accurate measurements at 
this level are obtained through the use of the leading 
edges of the parietal bones, which refl ect very sharp, 
specular echoes enhanced by the axial resolution of the 
sound beam. The normally circular shape of the skull 
in the coronal plane makes the BPD easy to obtain and 
relatively accurate in normally shaped heads. 17  

 Measurement Methods 

 The BPD can be measured routinely from 12 weeks’ 
gestation and occasionally earlier. The sonographer 
must fi rst identify the fetal lie. Beginning transversely 
at the base of the fetal cranium, the sonographer locates 
the base X formed by the sphenoid bones  (bilateral 
 anteriorly) and petrous bones (bilateral posteriorly) 
(Fig. 16-3). The proper plane for the BPD lies parallel 
to and above this base X. 24–26  From the base X, move 
the plane of view higher in the skull until the thalamus 
and cavum septi pellucidi appear. 2,24–26  For an optimal 
measurement, the entire calvarium forms a complete 
oval. A transverse plane that includes the top of the cer-
ebellum is too low in the posterior portion of the image. 

Figure 16-2 Transverse fetal head at the BPD level. 1. Thalmus. 2. 
Falx. 3. Cavum septum pellucidum.

Figure 16-3 Transverse fetal head at the base of the skull demon-
strates the base X formed by the bilateral sphenoid bones (1) anterior 
and the bilateral petrous (2) bones posterior.
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Figure 16-4 Transverse fetal head mea-
suring BPD and HC. These measurements 
should be performed on the same image. 
Measurement of the BPD is from the outer 
margin of the nearest calvarium margin to 
the inner margin of the furthest calvarium 
margin. Measure the HC at the outer margin 
of the calvaria.

TABLE 16-1

BPD Tables - Hadlock 84

BPD GA �/� BPD GA �/� BPD GA �/� BPD GA �/�
(mm) (wks) 2 SD (mm) (wks) 2 SD (mm) (wks) 2 SD (mm) (wks) 2 SD

�14 na —— 36 17.0 1.2 59 24.1 2.2  82 33.0 3.1
14 11.9 1.2 37 17.3 1.2 60 24.5 2.2  83 33.4 3.1
15 12.1 1.2 38 17.6 1.2 61 24.8 2.2  84 33.8 3.1
16 12.3 1.2 39 17.9 1.2 62 25.2 2.2  85 34.2 3.1
17 12.5 1.2 40 18.1 1.7 63 25.5 2.2  86 34.7 3.1
18 12.8 1.2 41 18.4 1.7 64 25.9 2.2  87 35.1 3.1
19 13.0 1.2 42 18.7 1.7 65 26.3 2.2  88 35.6 3.1
20 13.2 1.2 43 19.0 1.7 66 26.6 2.2  89 36.0 3.2
21 13.4 1.2 44 19.3 1.7 67 27.0 2.2  90 36.5 3.2
22 13.6 1.2 45 19.6 1.7 68 27.4 2.2  91 36.9 3.2
23 13.8 1.2 46 19.9 1.7 69 27.7 2.2  92 37.4 3.2
24 14.1 1.2 47 20.2 1.7 70 28.1 2.2  93 37.8 3.2
25 14.3 1.2 48 20.5 1.7 71 28.5 2.2  94 38.3 3.2
26 14.5 1.2 49 20.8 1.7 72 28.9 2.2  95 38.7 3.2
27 14.8 1.2 50 21.1 1.7 73 29.3 2.2  96 39.2 3.2
28 15.0 1.2 51 21.5 1.7 74 29.7 2.2  97 39.7 3.2
29 15.2 1.2 52 21.8 1.7 75 30.1 3.1  98 40.2 3.2
30 15.5 1.2 53 22.1 1.7 76 30.5 3.1  99 40.6 3.2
31 15.7 1.2 54 22.4 1.7 77 30.9 3.1 100 41.1 3.2
32 16.0 1.2 55 22.8 1.7 78 31.3 3.1 101 41.6 3.2
33 16.3 1.2 56 23.1 1.7 79 31.7 3.1 102 42.1 3.2
34 16.5 1.2 57 23.4 1.7 80 32.1 3.1 103 42.6 3.2
35 16.8 1.2 58 23.8 1.7 81 32.5 3.1 �103 na ——

Hadlock FP, Deter RL, Harrist RB, et al. Estimating fetal age: computer-assisted analysis of multiple fetal growth parameters, Radiology. 
1984;152(2):497–501.
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diameters. Hadlock and colleagues found that using the 
two diameters in the formula for the circumference re-
sulted in essentially the same measurement as direct out-
lining methods, if the BPD and occipito-frontal diameter 
(OFD) are measured outer edge to outer edge. 50  Because 
hand-tracing outlining methods are tedious and slow, the 
use of ellipse drawing tools or the two-diameter method 
to calculate the circumference is generally recommend-
ed (Fig. 16-4). Whatever method is employed, a chart 
that was generated using the same method should be 
used to evaluate fetal age (Table 16-2). If one wishes to 
measure the HC using the perimeter tracing method, the 
measurement should be made around the outer edge of 
the calvarium. The head circumference should be mea-
sured on the same image used for the BPD. This trans-
verse view should include the cavum septi pellucidi, 
interhemispheric fi ssure (midline), and thalamus. The 
greatest source of error in measuring the HC is selec-
tion of a calvarial image in an improper or angled plane. 

from 29 weeks LMP to term. 2  However, many consid-
er the BPD reliable to ( � 2 weeks) only  until about 30 
weeks’ LMP. 2  Consequently, if the BPD is going to be 
used to estimate fetal age, the measurement should be 
obtained before 33 weeks LMP. 2  

 Transverse Head Circumference 
 The transverse head circumference (HC) was fi rst sug-
gested as an indicator of fetal age by Levi and Erbsman in 
1975. 27  Many authors have suggested that the BPD may 
be inaccurate owing to normal variations in head shape 
and molding. 1–3,14,18,23,25–30  The consistency of the fetal 
head has been referred to as plastic. 28  If pressure against 
the external lateral wall(s) of the skull shortens the BPD, 
the long and/or vertical axis is displaced and lengthened. 
Likewise, if the long and/or vertical axis is compressed, 
the width (BPD) of the skull is enlarged to compensate. 
Therefore, two-dimensional (2D) circumferences of the 
fetal skull are more accurate than one-dimensional (1D) 

TABLE 16-1 (continued)

BPD - Jeanty

GA (WKS � DAYS)

BPD (cm) 5% 50% 95% BPD (cm) 5% 50% 95% BPD (cm) 5% 50% 95%

1.00 6w4d 9w1d 11w6d 4.00 14w4d 17w2d 1 9w6d 6.90 24w0d 26w5d 29w3d
1.10 6w6d 9w4d 12w1d 4.10 14w6d 17w4d 20w1d 7.00 24w3d 27w1d 29w6d
1.30 7w2d 10w0d 12w5d 4.20 15w1d 17w6d 20w4d 7.10 24w6d 27w4d 30w1d
1.40 7w4d 10w2d 12w6d 4.30 15w3d 18w1d 20w6d 7.20 25w1d 27w6d 30w4d
1.50 7w6d 10w4d 13w1d 4.40 15w5d 18w3d 21w1d 7.30 25w4d 28w2d 30w6d
1.60 8w1d 10w6d 13w3d 4.50 16w0d 18w5d 21w3d 7.40 26w0d 28w5d 31w2d
1.70 8w3d 11w1d 13w5d 4.60 16w2d 19w0d 21w5d 7.50 26w3d 29w1d 31w5d
1.80 8w4d 11w2d 14w0d 4.70 16w4d 19w2d 22w0d 7.60 26w6d 29w4d 32w1d
1.90 8w6d 11w4d 14w1d 4.80 16w6d 19w4d 22w2d 7.70 27w1d 29w6d 32w4d
2.00 9w1d 11w6d 14w4d 4.90 17w1d 19w6d 22w4d 7.80 27w4d 30w2d 33w0d
2.10 9w3d 12w1d 14w6d 5.00 17w4d 20w2d 22w6d 7.90 28w0d 30w5d 33w3d
2.20 9w5d 12w3d 15w0d 5.10 17w6d 20w4d 23w1d 8.00 28w4d 31w1d 33w6d
2.30 9w6d 12w4d 15w2d 5.20 18w1d 20w6d 23w4d 8.10 28w6d 31w4d 34w2d
2.40 10w1d 12w6d 15w4d 5.30 18w4d 21w1d 23w6d 8.20 29w2d 32w0d 34w5d
2.50 10w4d 13w1d 15w6d 5.40 18w6d 21w4d 24w1d 8.30 29w6d 32w4d 35w1d
2.60 10w5d 13w3d 16w1d 5.50 19w1d 21w6d 24w4d 8.40 30w1d 32w6d 35w4d
2.70 11w0d 13w5d 16w3d 5.60 19w4d 22w1d 24w6d 8.50 30w5d 33w3d 36w0d
2.80 11w2d 14w0d 16w4d 5.70 19w6d 22w4d 25w1d 8.60 31w1d 33w6d 36w4d
2.90 11w4d 14w1d 16w6d 5.80 20w1d 22w6d 25w4d 8.70 31w4d 34w2d 37w0d
3.00 11w6d 14w4d 17w1d 5.90 20w4d 23w1d 25w6d 8.80 32w1d 34w6d 37w3d
3.10 12w1d 14w6d 17w3d 6.00 20w6d 23w4d 26w1d 8.90 32w4d 35w2d 37w6d
3.20 12w2d 15w1d 17w5d 6.10 21w1d 23w6d 26w4d 9.00 33w0d 35w5d 38w3d
3.30 12w4d 15w2d 18w0d 6.20 21w4d 24w1d 26w6d 9.10 33w4d 36w1d 38w6d
3.40 12w6d 15w4d 18w2d 6.30 21w6d 24w4d 27w1d 9.20 34w0d 36w5d 39w3d
3.50 13w1d 15w6d 18w4d 6.40 22w1d 24w6d 27w4d 9.30 34w4d 37w1d 39w6d
3.60 13w4d 16w1d 18w6d 6.50 22w4d 25w2d 27w6d 9.40 35w0d 37w5d 40w3d
3.70 13w5d 16w3d 19w1d 6.60 22w6d 25w4d 28w2d 9.50 35w4d 38w2d 40w6d
3.80 14w0d 16w5d 19w3d 6.70 23w2d 26w0d 28w4d    
3.90 14w2d 17w0d 19w5d 6.80 23w5d 26w3d 29w0d

Jeanty P, Romero R. Obstetrical Ultrasound. McGraw-Hill Book Company; 1984;57–61.
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TABLE 16-2

Hadlock 84

HEAD CIRCUMFERENCE (CM)

 HC GA �/� HC GA �/� HC GA �/� HC GA �/�
 (mm) (wks) 2SD (mm) (wks) 2SD (mm) (wks) 2SD (mm) (wks) 2SD

�55 n/a —— 135 17.0 1.2 215 23.6 1.5 290 31.9 3.0
55 12.0 1.2 140 17.3 1.2 219 23.9 1.5 295 32.6 3.0
60 12.3 1.2 145 17.7 1.2 220 24.0 2.1 300 33.3 3.0
65 12.6 1.2 149 18.0 1.2 225 24.5 2.1 305 33.9 3.0
70 12.8 1.2 150 18.1 1.5 230 25.0 2.1 310 34.6 3.0
75 13.1 1.2 155 18.4 1.5 235 25.5 2.1 315 35.3 3.0
80 13.4 1.2 160 18.8 1.5 240 26.1 2.1 319 35.9 3.0
85 13.7 1.2 165 19.2 1.5 245 26.6 2.1 320 36.1 2.7
90 14.0 1.2 170 19.6 1.5 250 27.1 2.1 325 36.8 2.7
95 14.3 1.2 175 20.0 1.5 255 27.7 2.1 330 37.6 2.7

100 14.7 1.2 180 20.4 1.5 260 28.3 2.1 335 38.3 2.7
105 15.0 1.2 185 20.8 1.5 265 28.9 2.1 340 39.1 2.7
110 15.3 1.2 190 21.3 1.5 270 29.4 2.1 345 39.9 2.7
115 15.6 1.2 195 21.7 1.5 274 29.9 2.1 350 40.7 2.7
120 16.0 1.2 200 22.2 1.5 275 30.0 3.0 355 41.6 2.7
125 16.3 1.2 205 22.6 1.5 280 30.7 3.0 360 42.4 2.7
130 16.6 1.2 210 23.1 1.5 285 31.3 3.0 �360 n/a ——

Hadlock FP, Deter RL, Harrist RB, et al. Estimating fetal age: computer-assisted analysis of multiple fetal growth parameters. Radiology. 
1984;152(2):497–501.

Jeanty

HEAD CIRCUMFERENCE (CM)

GA (wks) 5% 50% 95%  GA (wks) 5% 50% 95%

10 2.60 5.00 7.40 26 21.80 24.20 26.60
11 3.80 6.30 8.70 27 22.80 25.20 27.70
12 5.10 7.50 10.00 28 23.80 26.20 28.60
13 6.40 8.80 11.20 29 24.70 27.10 29.60
14 7.60 10.10 12.50 30 25.60 28.10 30.50
15 8.90 11.30 13.80 31 26.50 28.90 31.30
16 10.10 12.60 15.00 32 27.30 29.70 32.20
17 11.40 13.80 16.30 33 28.10 30.50 32.90
18 12.60 15.10 17.50 34 28.80 31.20 33.60
19 13.80 16.30 18.70 35 29.40 31.90 34.30
20 15.00 17.50 19.90 36 30.00 32.50 34.90
21 16.20 18.70 21.10 37 30.60 33.00 35.50
22 17.40 19.80 22.30 38 31.10 33.50 35.90
23 18.50 21.00 23.40 39 31.50 33.90 36.40
24 19.60 22.10 24.50 40 31.90 34.30 36.70
25 20.70 23.20 25.60

Jeanty P, Cousaert E, Hobbins JC, et al. A longitudinal study of fetal head biometry. Am J Perinatol. 1984;1(2):118–128.

A shortened HC measurement can result if the proper 
transverse plane is not used 

 Measurement Methods 

 The HC can be measured directly from the frozen im-
age using an ellipse-drawing function to trace the out-
line of the skull or by measuring two perpendicular 

diameters and calculating the circumference. The av-
erage of two diameters of the fetal skull—the outer-
to-outer axial measurement and an outer-to-outer 
frontal to occipital measurement taken at the same 
level as the BPD—is used in the following formula 
for the circumference of a circle: Circumference  �  
(D1  �  D2)  �  1.57 
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percentages vary somewhat from investigator to inves-
tigator, depending on how the head measurements are 
taken. 2,14  

 A fetus with a long and narrow or dolichocephalic 
head has a relatively short BPD measurement, and the 
CI is below normal. A fetus whose BPD is relatively 
wide and whose FOD is short is called brachycephalic; 
the CI is greater than normal and again suggests an un-
reliable BPD measurement (CI  �  89%). Other fetal head 
dysmorphisms such as acrocephaly, turricephaly, and 
oxycephaly in which the calvarium is relatively high 
(a sort of “cone-headedness”) may be missed  using the 
CI, in that all have vertical diameters of the cranium 
that are greater or less than normal. 2,14  An apparent re-
verse oxycephaly is called platycephaly. It often occurs 
late in pregnancy or when crowding of the fetus puts 
pressure on the vertex of the skull, causing shortening 
of the vertical dimension of the skull and widening of 
both diameters of the transverse plane (BPD and OFD), 
which may not affect the CI (Fig. 16-6). 

 Transverse Cerebellum Measurement 
 Another commonly used measurement for gestational 
age and growth is the transverse cerebellar diameter 
(Figs. 16-7 and 19-3). The cerebellum maintains a rela-
tionship to the gestational age and is independent of the 
shape of the cranium. 31  Cerebellar size is also relatively 
unaffected by fetal growth disturbances (Table 16-3). 31,32  

 Measurement Method 

 Beginning transversely at the base of the fetal cranium, 
the sonographer again locates the base X formed by the 
sphenoid bones (bilateral anteriorly) and petrous bones 
(bilateral posteriorly) (Fig. 16-3). The correct plane for 
the cerebellum lies parallel to and above this base X. 

Figure 16-5 Measurements of fetal cranium. BPD (1) and OFD (2).

Figure 16-6 Transverse head circumference 
demonstrating various locations to measure 
the fetal skull. Here O1 � outer-to-outer FOD; 
M1 � mid-to-mid FOD; O2 and M2 � outer-
to-outer and mid-to-mid BPDs. L � leading-
edge to leading-edge BPD; t � thalamus and 
S � cavum septum pellucid. Algebraically 
O2/O1 � M2/M1 and L � M2; therefore O2/O1 � 
L/M1. The most common measurement tech-
nique is the leading-edge to leading-edge 
BPD (L). Beam width artifacts tend to exagger-
ate the outer-to-outer FOD; however, use of 
the mid-to-mid FOD (M1) preserves the normal 
ratio increasing the accuracy of M1. The same 
physics applies to the use of the ellipse tools 
to trace AHCG or BHDG. (From DuBose TJ. 
Fetal Sonography, Philadephia, WB Saunders, 
1996; p 73.)
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 The OFD is measured outer edge to outer edges of 
the middle of the frontal bone and the occipital bone 
echoes (Fig. 16-5). 1,2,14  

 Cephalic Index 
 Normal skulls have variable shapes. The cephalic in-
dex (CI  �  BPD/FOD  �  100) is used to determine if the 
shape of the transverse fetal skull can allow a reliable 
BPD measurement. The CI does not address the varia-
tion of the vertical axis of the head. 14  Usually, the nor-
mal CI is �80% ( � 9%) in about 95% of fetuses. These 



CEREBELLUM (CM)

GA (wks) Mean �/� 2SD GA (wks) Mean �/� 2SD

15 1.50 0.30 28 3.30 0.40
16 1.60 0.20 29 3.40 0.40
17 1.70 0.20 30 3.70 0.40
18 1.80 0.20 31 3.90 0.40
19 2.00 0.20 32 4.10 0.50
20 2.00 0.30 33 4.30 0.50
21 2.20 0.30 34 4.60 0.90
22 2.30 0.30 35 4.70 0.70
23 2.40 0.30 36 4.90 0.90
24 2.60 0.40 37 5.10 1.10
25 2.80 0.40 38 5.10 1.21
26 3.00 0.40 39 5.20 1.00
27 3.00 0.40 40 5.20 0.80

Hill LM, Guzick D, Fries J, et al. The transverse cerebellar diameter in estimating gestational age in the large for gestational age fetus. 
Obstet Gynecol. 1990;75(6):981–985.

TABLE 16-3

Transverse Cerebellar Diameter

CEREBELLUM (CM)

GA (wks) 10% 50% 90%  GA (wks) 10% 50% 90%

15 1.00 1.40 1.60 28 2.70 3.10 3.40
16 1.40 1.60 1.70 29 2.90 3.40 3.80
17 1.60 1.70 1.80 30 3.10 3.50 4.00
18 1.70 1.80 1.90 31 3.20 3.80 4.30
19 1.80 1.90 2.20 32 3.30 3.80 4.20
20 1.80 2.00 2.20 33 3.20 4.00 4.40
21 1.90 2.20 2.40 34 3.30 4.00 4.40
22 2.10 2.30 2.40 35 3.10 4.05 4.70
23 2.20 2.40 2.60 36 3.60 4.30 5.50
24 2.20 2.50 2.80 37 3.70 4.50 5.50
25 2.30 2.80 2.90 38 4.00 4.85 5.50
26 2.50 2.90 3.20 39 5.20 5.20 5.50
27 2.60 3.00 3.20

Goldstein I, Reece EA, Pilu G, et al. Cerebellar measurement with ultrasonography in the evaluation of fetal growth and development. Am J 
Obstet Gynecol. 1987;156(5):1065–1069.

Figure 16-7 Transverse cerebellar diameter 
(measured). Cerebellar hemispheres (1). Cis-
terna Magna (2). Falx (3).
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TABLE 16-4

Fetal Orbital Diameter
Binocular Distance (BOD) (mm)

GA (wks) 5% 50% 95% GA (wks) 5% 50% 95%

11 5 13 20 26 36 44 51
12 8 15 23 27 38 45 53
13 10 18 25 28 39 47 54
14 13 20 28 29 41 48 56
15 15 22 30 30 42 50 57
16 17 25 32 31 43 51 58
17 19 27 34 32 45 52 60
18 22 29 37 33 46 53 61
19 24 31 39 34 47 54 62
20 26 33 41 35 48 55 63
21 28 35 43 36 49 56 64
22 30 37 44 37 50 57 65
23 31 39 46 38 50 58 65
24 33 41 48 39 51 59 66
25 35 42 50 40 52 59 67

Romero R, Pilu G, Jeanty P, et al. Prenatal Diagnosis of Congenital Anomalies. Norwalk, CT, Appleton & Lange, 1988; p 83.

From the base X, the plane of view is moved higher in 
the skull until the hemispheres of the cerebellum are 
located (Fig. 16-7). 

 Binocular Measurement 
 The distance from the outer edges of the left and right 
fetal eyes is called the binocular distance (BOD). 14  The 
BOD is useful when fetal position makes the BPD or 
other measurements diffi cult to obtain (Table 16-4). To 
measure the BOD, both orbits must be imaged at their 
greatest diameters. The outer orbit-to-outer-orbit (OOD) 
distance is measured from the edges of the skeletal orbit 
(Fig. 16-8 and 19-9). It must be pointed out that this 

measurement may also be diffi cult to obtain at times 
owing to fetal position. Late in gestation, fetal nasal 
bones tend to shadow the detail of the eye farthest from 
the transducer during lateral scans. These shadowing 
effects of the nasal bones may cause the observer to 
measure to the inside of the lateral retina at times or to 
the inner surface of the zygoma at other times. 

 The diameters of the individual globes of the eyes 
and the interocular (between the eyes) distance (IOD) 
have also been used to estimate fetal growth. 3  Because 
these measurements are relatively small, any error in 
cursor placement will cause a relatively large percent-
age error. For this reason, the larger BOD is favored. 

Figure 16-8 Fetal orbits. Nasal bone (1), Lenses of the eyes (2), 
 binocular distance (x).
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 FETAL BODY MEASUREMENTS 

 Abdominal Circumference 
 AC is a valuable indicator of fetal growth because it 
refl ects the development of abdominal organs such as 
the liver and spleen. Few other fetal parameters are so 
often mismeasured as the AC. Because most modern 
formulas for estimating fetal weight rely heavily on this 
measurement, its importance cannot be overempha-
sized. Abdominal measurements can also be affected 
by the degree of spinal fl exion, fetal breathing motion, 
sonographic technique, and accurate visualization of 
the skin line. 

 The measurement of the AC is performed at the 
standard transverse abdominal level where the um-
bilical and portal veins are confl uent. This is usually 
the largest transverse section of the abdomen and is 
also refl ective of the size of the spleen, and particu-
larly the liver, which are indicators of fetal health 
and well-being. The liver is proportionately larger 
in the fetus than in the adult. 33  The AC measure-
ment also refl ects the amount of subcutaneous fat, 
which has a large infl uence on fetal weight. The AC 
is considered more important as an indicator of fetal 
weight and health than as an indicator of fetal age 
(Table 16-5). 2,14  

 Measurement Methods 

 The standard view for obtaining the AC is at the level 
of the umbilical vein junction with the portal vein and 
perpendicular to the spine. 2,14  The AC should be circu-
lar. If the plane used to measure the AC is oblique to 
the spine, one axis will be elongated, resulting in an 
erroneously large measurement. 

 A successful measuring technique for obtaining the 
fetal AC is to fi rst visualize the long axis of the fetal spine. 
After the lie of the spine is observed, the transducer fi eld 
of view is turned perpendicular to the midportion of the 
spine; the fetal stomach and umbilical vein are then lo-
cated. The favored view will demonstrate the confl uence 
of the umbilical and portal veins in the fetal liver, called 
the “hockey stick” or “J” view by some. If these veins 
cannot be visualized owing to fetal position or mater-
nal obesity, then a section demonstrating the fl uid-fi lled 
fetal stomach is acceptable. It is important, however, 
when using the stomach as a landmark, not to mistake 
fl uid in the lower gastrointestinal tract for the stomach. 
Measurements above or below the standard hockey stick 
view may produce an erroneously small AC. 2,14  Observa-
tion of heart motion indicates a plane superior to the 
proper AC plane. Visualization of both fetal kidneys is 
an indication that the section is too low for accurate AC 

TABLE 16-5

Hadlock 84

AC

AC GA �/� AC GA �/� AC GA �/� AC GA �/�
(mm) (wks) 2SD (mm) (wks) 2SD (mm) (wks) 2SD (mm) (wks) 2SD

�50 na —— 135 19.0 2.1 225 26.9 2.2 315 35.4 3.0
50 12.0 1.7 140 19.4 2.1 230 27.4 2.2 320 35.9 3.0
55 12.4 1.7 145 19.8 2.1 235 27.8 2.2 321 36.0 3.1
60 12.8 1.7 150 20.2 2.1 240 28.3 2.2 325 36.4 3.1
65 13.2 1.7 155 20.7 2.1 245 28.7 2.2 330 36.9 3.1
70 13.6 1.7 160 21.1 2.1 250 29.2 2.2 335 37.4 3.1
75 14.0 1.7 165 21.5 2.1 255 29.7 2.2 340 37.9 3.1
80 14.4 1.7 170 22.0 2.1 258 30.0 2.2 345 38.4 3.1
85 14.8 1.7 175 22.4 2.1 259 30.1 3.0 350 38.9 3.1
90 15.2 1.7 180 22.9 2.1 260 30.2 3.0 355 39.4 3.1
95 15.6 1.7 185 23.3 2.1 265 30.6 3.0 360 39.9 3.1

100 16.0 1.7 190 23.7 2.1 270 31.1 3.0 365 40.4 3.1
105 16.4 1.7 192 23.9 2.1 275 31.6 3.0 370 40.9 3.1
110 16.9 1.7 193 24.0 2.2 280 32.0 3.0 375 41.4 3.1
115 17.3 1.7 195 24.2 2.2 285 32.5 3.0 380 42.0 3.1
120 17.7 1.7 200 24.6 2.2 290 33.0 3.0 385 42.5 3.1
123 17.8 1.7 205 25.1 2.2 295 33.5 3.0 �385 na ——
124 18.0 2.1 210 25.5 2.2 300 34.0 3.0
125 18.1 2.1 215 26.0 2.2 305 34.5 3.0
130 18.5 2.1 220 26.4 2.2 310 34.9 3.0  

Hadlock FP, Deter RL, Harrist RB, et al. Estimating fetal age: computer-assisted analysis of multiple fetal growth parameters. Radiology. 
1984;152(2):497–501.
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measurement. 14  The lower ribs may normally be ob-
served bilaterally and, if seen, should be symmetric. 

 After the AC view is obtained and the image frozen, 
two options for circumference calculation are avail-
able: a trace or ellipse calculation of the fetal abdomen 
for circumference calculation or using perpendicular 
abdominal diameters (Fig. 16-9). All measurements 
are from the outer skin lines. Using abdominal diam-
eter measurements, the transverse diameter (TAD) is 
measured from side to side, and the antero-posterior 
abdominal diameter (APD) is taken from the skin line 
above the umbilical cord insertion to the skin line just 
behind the spine. Care must be taken to measure to 
the skin line so that the resulting circumference is not 
underestimated. The formula for two-point calculation 
is AC  �  1.57  �  ( d  1   �   d  2 ), where  d  1  and  d  2  are the two 
diameters of the abdomen. 1,14  The resulting AC will be 
in the same units as the diameters (i.e., diameters mea-
sured in millimeters will yield an AC in millimeters). 

 Acoustic shadowing from extremities or the spine 
can also make the skin line diffi cult to see in some seg-
ments of the AC. The ellipse drawing function of mod-
ern machines can also be used. It often helps to look at 
the “full circle” of the abdomen rather than to focus at-
tention on a single area. The abdominal circumference 
can also be manually traced, but this method is subject 
to error and very cumbersome. Measurements should 
be taken several times and observed for a cluster range, 
eliminating any measurements falling outside of the 
“best” cluster. The best measurements are averaged for 
the measurement of record. 

 Sonographers should be sure that the measurements 
extend to the outer abdominal wall and not just to 
the fetal peritoneal lining. This error is most common 
when a lateral approach to the abdomen is used and 
when positioning the caliper for the deep abdominal 
wall. The peritoneal cavity wall and ribs often generate 
very strong specular echoes. This may lead to  errors 
resulting in underestimation of the AC by excluding 
the hypoechoic skin, muscle, and baby fat from the 
 measurement. 

 FETAL EXTREMITIES MEASUREMENTS 

 Long Bones 
 The fetal long bones are good indicators of fetal growth. 
Although the head and abdomen may be subject to 
changes in shape resulting from molding or position, 
the long bones are not. A limiting factor in using long 
bones for measurements is that they are affected by the 
genetic pool; tall parents tend to have long babies. The 
accuracy of the humerus, tibia, and ulna measurements 
in predicting fetal age are considered by some research-
ers to be approximately  � 3 weeks at term. Femur length 
dating accuracy is better in the fi rst part of pregnancy 
because phenotypic differences (i.e. tall, short) do not 
exhibit as much as in the third trimester. At term, the 
femur length accuracy is about � 2.2 weeks. 2  Fetal 
femur length has been shown to correlate both with 
fetal age and crown-heel length at birth. 34  Visualiza-
tion and measurement of any fetal long bone or other 
linear structure with sonography require some mental 

TABLE 16-5 (continued)

Jeanty

CM

AC (cm) GA (w�d) AC (cm) GA (w�d) AC (cm) GA (w�d)

 5.00 11w2d 14.00 19w6d 23.00 28w3d
 5.50 11w5d 14.50 20w2d 23.50 29w0d
 6.00 12w1d 15.00 20w6d 24.00 29w3d
 6.50 12w5d 15.50 21w2d 24.50 30w0d
 7.00 13w1d 16.00 21w5d 25.00 30w4d
 7.50 13w4d 16.50 22w2d 25.50 31w1d
 8.00 14w1d 17.00 22w5d 26.00 31w5d
 8.50 14w4d 17.50 23w1d 26.50 32w2d
 9.00 15w0d 18.00 23w5d 27.00 32w6d
 9.50 15w4d 18.50 24w1d 27.50 33w3d

10.00 16w0d 19.00 24w4d 28.00 34w1d
10.50 16w3d 19.50 25w1d 28.50 34w6d
11.00 17w0d 20.00 25w4d 29.00 35w4d
11.50 17w3d 20.50 26w0d 29.50 36w2d
12.00 17w6d 21.00 26w4d 30.00 37w0d
12.50 18w3d 21.50 27w0d 30.50 37w6d
13.00 18w6d 22.00 27w3d 31.00 38w6d
13.50 19w2d 22.50 28w0d 31.50 39w6d

Jeanty P, Cousaert E, Cantraine F. Normal growth of the abdominal perimeter. Am J Perinatol. 1984;1(2):129–135.
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gymnastics involving eye-hand coordination. The great-
est source of error in measuring any long bone occurs 
when the transducer is positioned slightly oblique to 
the bone rather than along its axis and, therefore, does 
not include both ends of the bone. An attempt to ex-
clude the effects of beam width artifacts at the ends 
of linear structures must be made whenever measure-
ments are taken. 

 The measurement of the long bones is best accom-
plished by obtaining several measurements and av-
eraging them for the measurement of record. Usually 
the average measurement of a single bone is all that 
is necessary for estimating fetal age. However, all fetal 
extremities should be visually examined to confi rm 
symmetry and normal morphology. 

 Femoral Length 
 The femur is among the most commonly used pa-
rameters for estimating fetal age and may be more 
accurate than the BPD late in pregnancy. 2,14  The fe-
mur can be reliably used after 14 weeks’ gestation. 3  
It is usually called a femur length measurement (FL), 
but this is a misnomer. The femoral measurement 
used in obstetric sonography is actually the length of 
the osseous femoral diaphysis, or shaft, of the bone 

(Fig. 16-10). This measurement does not include the 
cartilaginous femoral head or distal femoral condyles 
(Table 16-6). 

 To locate the femur, it is fi rst necessary to deter-
mine the fetal position (head, spine, and rump). The 
sonographer can locate the femurs by scanning trans-
versely along the spine until the echogenic, obliquely 
oriented iliac bones are visible. The transducer is 
then moved along the iliac bone until the echogen-
ic linear echo produced by the femur is seen. Once 
the femur’s general location is identifi ed, it becomes 
necessary to angle the transducer until a linear echo 
with a clean acoustic shadow is generated. The fe-
mur may have a slightly curved or bowed appearance 
when viewed from the posteromedial aspect, but this 
does not normally affect its length relative to age. 35  
The femur nearest the transducer should always be 
measured. 

 Humeral Length 
 The humerus nearest to the transducer is usually easy 
to fi nd in relationship to the head and spine, but the 
humerus deep to the transducer is often obscured by 
the fetal ribs or spine. The humerus has similar mea-
surements to the femur (Table 16-6). 14  

A B

Figure 16-9 A: Transverse fetal abdomen with measurement for abdominal circumference. B: Transverse abdomen with 
APD measurement and transverse diameter measure. The spine is anterior and shadows the umbilical vein landmark.
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Figure 16-10 This long axis view of the femur demonstrates measure-
ment (calipers) from the proximal end near the femoral neck to the 
distal epiphyses, including only the ossifi ed portions.

TABLE 16-6

 Femur (mm) Tibia (mm) Fibula (mm)

GA (wks) 5% 50% 95% 5% 50% 95% 5% 50% 95%

12 3.9 8.1 12.3 3.3 7.2 11.2 1.7 5.7 9.6
13 6.8 11.0 15.2 5.6 9.6 13.6 4.7 8.7 12.7
14 9.7 13.9 18.1 8.1 12.0 16.0 7.7 11.7 15.6
15 12.6 16.8 21.0 10.6 14.6 18.6 10.6 14.6 18.6
16 15.4 19.7 23.9 13.1 17.1 21.2 13.3 17.4 21.4
17 18.3 22.5 26.8 15.6 19.7 23.8 16.1 20.1 24.2
18 21.1 25.4 29.7 18.2 22.3 26.4 18.7 22.8 26.9
19 23.9 28.2 32.6 20.8 24.9 29.0 21.3 25.4 29.5
20 26.7 31.0 35.4 23.3 27.5 31.6 23.8 27.9 32.0
21 29.4 33.8 38.2 25.8 30.0 34.2 26.2 30.3 34.5
22 32.1 36.5 40.9 28.3 32.5 36.7 28.5 32.7 36.9
23 34.7 39.2 43.6 30.7 34.9 39.1 30.8 35.0 39.2
24 37.4 41.8 46.3 33.1 37.3 41.6 33.0 37.2 41.5
25 39.9 44.4 48.9 35.4 39.7 43.9 35.1 39.4 43.6
26 42.4 46.9 51.4 37.6 41.9 46.2 37.2 41.5 45.7
27 44.9 49.4 53.9 39.8 44.1 48.4 39.2 43.5 47.8
28 47.3 51.8 56.4 41.9 46.2 50.5 41.1 45.4 49.7
29 49.6 54.2 58.7 43.9 48.2 52.6 42.9 47.2 51.6
30 51.8 56.4 61.0 45.8 50.1 54.5 44.7 49.0 53.4
31 54.0 58.6 63.2 47.6 52.0 56.4 46.3 50.7 55.1
32 56.1 60.7 65.4 49.4 53.8 58.2 47.9 52.4 56.8
33 58.1 62.7 67.4 51.1 55.5 60.0 49.5 53.9 58.4
34 60.0 64.7 69.4 52.7 57.2 61.6 50.9 55.4 59.9
35 61.8 66.5 71.2 54.2 58.7 63.2 52.3 56.8 61.3
36 63.5 68.3 73.0 55.8 60.3 64.8 53.6 58.2 62.7
37 65.1 69.9 74.7 57.2 61.8 66.3 54.9 59.4 64.0
38 66.6 71.4 76.2 58.7 63.2 67.8 56.0 60.6 65.2
39 68.0 72.8 77.7 60.1 64.7 69.3 57.1 61.7 66.3
40 69.3 74.2 79.0 61.5 66.1 70.7 58.1 62.8 67.4



 16 — Assessment of Fetal Age and Size in the Second and Third Trimester 381

TABLE 16-6 (continued)

Long Bones
 Humerus (mm) Radius (mm) Ulna (mm)

GA (wks) 5% 50% 95% 5% 50% 95% 5% 50% 95%

12 4.8 8.6 12.3 3.0 6.9 10.8 2.9 6.8 10.7
13 7.6 11.4 15.1 5.6 9.5 13.4 5.8 9.7 13.7
14 10.3 14.1 17.9 8.1 12.0 16.0 8.6 12.6 16.6
15 13.1 16.9 20.7 10.5 14.5 18.5 11.4 15.4 19.4
16 15.89 19.7 23.5 12.9 16.9 20.9 14.1 18.1 22.1
17 18.5 22.4 26.3 15.2 19.3 23.3 16.7 20.8 24.8
18 21.2 25.1 29.0 17.5 21.5 25.6 19.3 23.3 27.4
19 23.8 27.7 31.6 19.7 23.8 27.9 21.8 25.8 29.9
20 26.3 30.3 34.2 21.8 25.9 30.0 24.2 28.3 32.4
21 28.2 32.8 36.7 23.9 28.0 32.2 26.5 30.6 34.8
22 31.2 35.2 39.2 25.9 30.1 34.2 28.7 32.9 37.1
23 33.5 37.5 41.6 27.9 32.0 36.2 30.9 35.1 39.3
24 35.7 39.8 43.8 29.7 34.0 38.2 33.0 37.2 41.5
25 37.9 41.9 46.0 31.6 35.8 40.0 35.1 39.3 43.5
26 39.9 44.0 48.1 33.3 37.6 41.9 37.0 41.3 45.6
27 41.9 46.0 50.1 35.0 39.3 43.6 38.9 43.2 47.5
28 43.7 47.9 52.0 36.7 41.0 45.3 40.7 45.0 49.3
29 45.5 49.7 53.9 38.3 42.6 46.9 42.5 46.8 51.1
30 47.2 51.4 55.6 39.8 44.1 48.5 44.1 48.5 52.8
31 48.9 53.1 57.3 41.2 45.6 50.0 45.7 50.1 54.5
32 50.4 54.7 58.9 42.6 47.0 51.4 47.2 51.6 56.1
33 52.0 56.2 60.5 44.0 48.4 52.8 48.7 53.1 54.5
34 53.4 57.7 62.0 45.2 49.7 54.1 50.0 54.5 59.0
35 54.8 59.2 63.5 46.4 50.9 55.4 51.3 55.8 60.3
36 56.2 60.6 64.9 47.6 52.1 56.6 52.6 57.1 61.6
37 57.6 62.0 66.4 48.7 53.2 57.7 53.7 58.2 62.8
38 59.0 63.4 67.8 49.7 54.2 58.8 54.8 59.3 63.9
39 60.4 64.8 69.3 50.6 55.2 59.8 55.8 60.4 64.9
40 61.9 66.3 70.8 51.5 56.2 60.8 56.7 61.3 65.9

Derived from compilation of data: Jeanty P, Cousaert E, Cantraine F, et al. A longitudinal study of fetal limb growth. Am J Perinatol. 
1984;1(2):136–144; Merz E, Grubner A, Kern F. Mathematical modeling of fetal limb growth. J Clin Ultrasound. 1989;17(3):179–185; and 
Exacoustos C, Rosati P, Rizzo G, et al. Ultrasound measurements of fetal limb bones. Ultrasound Obstet Gynecol. 1991;1(5):325–330. 
Nyberg DA, McGahan JP, Pretorius DH, et al. Diagnostic Imaging of Fetal Anomalies. Philadelphia: Lippincott Williams & Wilkins, 2003.

 Measurement Method 

 The humerus is best located by fi rst imaging the fe-
tal head and spine to assess the fetal lie. The trans-
ducer is then moved caudal from the head until the 
neck region is located. As the transducer is moved in 
a caudal direction, the shoulder appears. At this point, 
the transducer should be rotated until a well-defi ned 
linear echo is imaged from the shoulder to the elbow 
(Fig. 16-11). To make sure that this is the single bone 
of the humerus, cross-plane rocking 61  of the transducer 
from side to side is used to avoid confusion with the 
two linear bone echoes of the forearm, representing 
the radius and ulna. 

 In some projections the distal end of the humerus 
appears to have a split or relatively echo-free, central 
Y-shaped portion. The Y shape is caused by scanning 

coronally through the humerus, showing the coronoid 
fossa between the lateral and medial epicondyles. The 
recommended measurement includes the entire ossi-
fi ed portion of the humerus to the end of the longest 
epicondyle. 

 Distal Extremity Bones 
 The distal long bones of the arms and legs can be 
diffi cult to measure because the fetus, particularly if 
active, may move them frequently and not allow a reli-
able prediction as to their relationship to the spine or 
head. Once the bone is located, measuring it is not dif-
fi cult. If one encounters a fetus with a disparity in the 
more-often measured parameters, the distal bone mea-
surements can be used to resolve any confl ict in age 
estimates (Table 16-6). Routine measurements of the 
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distal long bones are not necessary for most sonograph-
ic examinations, but the bones should be observed for 
normal morphology and contralateral symmetry. 

 Forearm 
 To measure the bones of the forearm, the sonographer 
should do a survey scan of the fetus to locate the head, 
spine, and humerus. The sonographer follows the hu-
merus out to the elbow. There it can be determined 

whether the elbow is fl exed or extended, and the fore-
arm can be followed out to the hand. The sonogra-
pher should be aware that there are two bones in the 
forearm, the ulna and radius, and both bones can be 
measured. The ulna is the larger of the two and is ana-
tomically medial in location (Fig. 16-12). The increased 
length of the ulna over the length of the radius is most 
obvious at the proximal or elbow end of the bones. The 
radius is imaged lateral to the ulna (Fig. 16-12). If the 

Figure 16-11 As the humerus may resemble the femur, care must 
be taken to scan from the adjacent bony thorax, through the an-
echoic humeral head (H) and into the arm to properly identify the 
humerus for measurement (calipers).

A B

Figure 16-12 Fetal forearm. A: While the ulna (measured) extends further into the elbow (E) than the radius (lateral), 
both bones end at approximately the same level at the wrist (w). Lack of wrist bone ossifi cation results in a hypo to 
anechoic area between the forearm and hand (H). B: Fetal radius. Note longer ulna is seen medial.
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fetal wrist and hand are rotated, the ulna and radius 
will be crossed rather than parallel. 14  

 Lower Leg 
 The lower leg also has two bones, the tibia and fi bula, 
and can be diffi cult to image, depending on fetal posi-
tion and activity. To locate the lower leg, the sonogra-
pher follows the femur from the hip out to the knee and 
determines whether the knee is fl exed or extended. The 
tibia is the larger of the two bones in the lower leg and 
is located medially (Fig. 16-13). 14  

 FETAL WEIGHT 
 CALCULATION FROM MEASUREMENT 
PARAMETERS 

 Weight is one of the most often sought parameters of 
fetal growth in obstetrics. 1–3,14  This is because low birth 
weight, or intrauterine growth restriction (IUGR), has 
been associated with higher incidences of neonatal 
morbidity and death. Macrosomia or large birth weight 
babies, commonly defi ned as a birth weight 4,000 grams 
or higher, are also at increased risk of maternal and 
neonatal morbidity. 36,37  Therefore, an estimate of the 
relative fetal weight is important to alert the obstetri-
cian to developing problems and to assist in subsequent 
management of the pregnancy. An indication of the im-
portance of this parameter is the fact that a U.S. Na-
tional Library of Medicine National Institutes of Health 
search (pubmed.gov) resulted in over 2,300 titles in 

multiple languages with articles dating as far back as 
1967. Most current ultrasound machines calculate fetal 
weight from measurements obtained during an exami-
nation. Table 16-7 uses the BPD and AC for estimating 
fetal weight for manual calculations. Results from vari-
ous weight-prediction methods can result in high error 
rates in ether singleton or multiple pregnancies with 
2D imaging 38–40 ; however, the use of three-dimensional 
(3D) imaging has shown an increase in weight predic-
tion accuracy through measurement of soft tissue such 
as thigh volumes. 14,41,42  

 Recent research has found that the mean fetal weight 
varies in populations. This research studied birth 
weights for more than 38,000 singleton, sonographi-
cally dated, term pregnancies. Using stepwise multiple 
regression analysis the researchers found that, “Apart 
from gestational age and sex, the maternal height, 
weight at fi rst visit, ethnic group, parity and smoking 
all have signifi cant and independent effects on birth 
weight.” 43  This means that much of the variation and 
standard errors in fetal weight estimates can be ac-
counted for by these variables. 

 Most of the multiple-parameter fetal weight esti-
mation formulas are a variation of a theme that uses 
 parameters of the fetal head or abdomen or other so-
nographic parameters to estimate the relative fat con-
tent, as well as the size of the head and liver and the 
fetus’s length. This works because the brain is the 

A B

Figure 16-13 Fetal lower leg. Long axis view of the leg demonstrates the ossifi ed portions of the fi bula (measured in 
A) and fi bula (measured in B) Tibia (measured). Fibula is seen lateral to tibia.

(text continued on page 390)
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TABLE 16-7

Estimation of Fetal Weight (in grams) by Biparietal Diameter (BPD) and Abdominal Circumference (AC)*

AC (MM)

BPD 
(mm) 155 160 165 170 175 180 185 190 195 200 205 210 215

 31 224 234 244 255 267 279 291 304 318 332 346 362 378
 32 231 241 251 263 274 286 299 312 326 340 355 371 388
 33 237 248 259 270 282 294 307 321 335 349 365 381 397
 34 244 255 266 278 290 302 316 329 344 359 374 391 408
 35 251 262 274 285 298 311 324 338 353 368 384 401 418
 36 259 270 281 294 306 319 333 347 362 378 394 411 429
 37 266 278 290 302 315 328 342 357 372 388 404 422 440
 38 274 286 298 310 324 337 352 366 382 398 415 432 451
 39 282 294 306 319 333 347 361 376 392 409 426 444 462
 40 290 303 315 328 342 356 371 386 403 419 437 455 474
 41 299 311 324 338 352 366 381 397 413 430 448 467 486
 42 308 320 333 347 361 376 392 408 424 442 460 479 498
 43 317 330 343 357 371 387 402 419 436 453 472 491 511
 44 326 339 353 367 382 397 413 430 447 465 484 504 524
 45 335 349 363 377 393 408 425 442 459 478 497 517 538
 46 345 359 373 386 404 420 436 454 472 490 510 530 551
 47 355 369 384 399 415 431 448 466 484 503 524 544 565
 48 366 380 395 410 426 443 460 478 497 517 537 558 580
 49 376 391 406 422 438 455 473 491 510 530 551 572 594
 50 387 402 418 434 451 468 486 505 524 544 565 587 610
 51 399 414 430 446 463 481 499 518 538 559 580 602 625
 52 410 426 442 459 476 494 513 532 552 573 595 618 641
 53 422 438 455 472 489 508 527 547 567 589 611 634 657
 54 435 451 468 485 503 522 541 561 582 604 627 650 674
 55 447 464 481 499 517 536 556 577 598 620 643 667 691
 56 461 477 495 513 532 551 571 592 614 636 660 684 709
 57 474 491 509 527 547 566 587 608 630 653 677 701 727
 58 488 505 524 542 562 582 603 625 647 670 695 719 745
 59 502 520 539 558 578 598 619 642 664 688 713 738 764
 60 517 535 554 573 594 615 636 659 682 706 731 757 784
 61 532 550 570 590 610 632 654 677 700 725 750 777 804
 62 547 566 586 606 627 649 672 695 719 744 770 797 824
 63 563 583 603 624 645 667 690 714 738 764 790 817 845
 64 580 600 620 641 663 686 709 733 758 784 811 838 867
 65 597 617 638 659 682 705 728 753 778 805 832 860 889
 66 614 635 656 678 701 724 748 773 799 826 853 882 911
 67 632 653 675 697 720 744 769 794 820 848 876 905 935
 68 651 672 694 717 740 765 790 816 842 870 898 928 958
 69 670 691 714 737 761 786 811 838 865 893 922 952 983
 70 689 711 734 758 782 807 833 860 888 916 946 976 1,008
 71 709 732 755 779 804 830 856 883 912 941 971 1,002 1,033
 72 730 763 777 801 827 853 880 907 936 965 996 1,027 1,060
 73 751 775 799 824 850 876 904 932 961 991 1,022 1,054 1,087
 74 773 797 822 847 874 901 928 957 987 1,017 1,049 1,081 1,114
 75 796 820 845 871 898 925 954 983 1,013 1,044 1,076 1,109 1,143
 76 819 844 870 896 923 951 980 1,009 1,040 1,072 1,104 1,137 1,172
 77 843 868 894 921 949 977 1,007 1,037 1,068 1,100 1,133 1,167 1,202
 78 868 894 920 947 975 1,004 1,034 1,065 1,096 1,129 1,162 1,197 1,232
 79 893 919 946 974 1,003 1,032 1,062 1,094 1,126 1,159 1,193 1,228 1,264
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TABLE 16-7 (continued)

Estimation of Fetal Weight (in grams) by Biparietal Diameter (BPD) and Abdominal Circumference (AC)*

AC (MM)

BPD 
(mm) 155 160 165 170 175 180 185 190 195 200 205 210 215

 80 919 946 973 1,002 1,031 1,061 1,091 1,123 1,156 1,189 1,224 1,259 1,296
 81 946 973 1,001 1,030 1,060 1,090 1,121 1,153 1,187 1,221 1,256 1,292 1,329
 82 974 1,001 1,030 1,059 1,089 1,120 1,152 1,185 1,218 1,253 1,288 1,325 1,363
 83 1,002 1,030 1,059 1,089 1,120 1,151 1,183 1,217 1,251 1,286 1,322 1,359 1,397
 84 1,032 1,060 1,090 1,120 1,151 1,183 1,216 1,249 1,284 1,320 1,356 1,394 1,433
 85 1,062 1,091 1,121 1,151 1,183 1,216 1,249 1,283 1,318 1,355 1,392 1,430 1,469
 86 1,093 1,122 1,153 1,184 1,216 1,249 1,283 1,318 1,354 1,390 1,428 1,467 1,507
 87 1,125 1,155 1,186 1,218 1,250 1,284 1,318 1,353 1,390 1,427 1,465 1,505 1,545
 88 1,157 1,188 1,220 1,252 1,285 1,319 1,354 1,390 1,427 1,465 1,504 1,543 1,584
 89 1,191 1,222 1,254 1,287 1,321 1,356 1,391 1,428 1,465 1,503 1,543 1,583 1,625
 90 1,226 1,258 1,290 1,324 1,358 1,393 1,429 1,456 1,504 1,543 1,583 1,624 1,666
 91 1,262 1,294 1,327 1,361 1,396 1,432 1,468 1,506 1,544 1,584 1,624 1,666 1,708
 92 1,299 1,332 1,365 1,400 1,435 1,471 1,508 1,546 1,586 1,626 1,667 1,709 1,752
 93 1,337 1,370 1,404 1,439 1,475 1,512 1,550 1,588 1,628 1,668 1,710 1,753 1,796
 94 1,376 1,410 1,444 1,480 1,516 1,554 1,592 1,631 1,671 1,712 1,755 1,798 1,842
 95 1,416 1,450 1,486 1,522 1,559 1,597 1,635 1,675 1,716 1,758 1,800 1,844 1,889
 96 1,457 1,492 1,528 1,565 1,602 1,641 1,680 1,720 1,762 1,804 1,847 1,892 1,937
 97 1,500 1,535 1,572 1,609 1,547 1,686 1,726 1,767 1,809 1,852 1,895 1,940 1,986
 98 1,544 1,580 1,617 1,654 1,693 1,733 1,773 1,815 1,857 1,900 1,945 1,990 2,037
 99 1,589 1,625 1,663 1,701 1,740 1,781 1,822 1,864 1,907 1,951 1,996 2,042 2,089
100 1,635 1,672 1,710 1,749 1,789 1,830 1,871 1,914 1,958 2,002 2,048 2,094 2,142

BPD
(mm) 220 225 230 235 240 245 250 255 260 265 270 275 280

 31 395 412 431 450 470 491 513 536 559 584 610 638 666
 32 405 423 441 461 481 502 525 548 572 597 624 651 680
 33 415 433 452 472 493 514 537 560 585 611 638 666 693
 34 425 444 463 483 504 526 549 573 598 624 652 680 710
 35 436 455 475 495 517 539 562 587 612 638 666 695 725
 36 447 466 486 507 529 552 575 600 626 653 681 710 740
 37 458 478 498 519 542 565 589 614 640 667 696 725 756
 38 470 490 510 532 554 578 602 628 654 682 711 741 772
 39 482 502 523 545 568 592 616 642 669 697 727 757 789
 40 494 514 536 558 581 606 631 657 684 713 743 773 806
 41 506 527 549 572 595 620 645 672 700 729 759 790 828
 42 519 540 562 585 609 634 660 688 716 745 776 807 841
 43 532 554 576 600 624 649 676 703 732 762 793 825 859
 44 545 567 590 614 639 665 692 719 749 779 810 843 877
 45 559 581 605 629 654 680 708 736 765 796 828 861 896
 46 573 596 620 644 670 696 724 753 783 814 846 880 915
 47 588 611 635 660 686 713 741 770 801 832 865 899 934
 48 602 626 650 676 702 730 758 788 819 851 884 919 954
 49 617 641 666 692 719 747 776 806 837 870 903 938 975
 50 633 657 683 709 736 765 794 824 856 889 923 959 996
 51 649 674 699 726 754 783 812 843 876 909 944 980 1,017
 52 665 690 717 744 772 801 831 863 895 929 964 1,001 1,039
 53 682 708 734 762 790 820 851 883 916 950 986 1,023 1,061
 54 699 725 752 780 809 839 870 903 936 971 1,007 1,045 1,084
 55 717 743 771 799 828 859 891 924 958 993 1,030 1,068 1,107
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TABLE 16-7 (continued)

Estimation of Fetal Weight (in grams) by Biparietal Diameter (BPD) and Abdominal Circumference (AC)*

AC (MM)

BPD 
(mm) 220 225 230 235 240 245 250 255 260 265 270 275 280

 56 735 762 789 818 848 879 911 945 979 1,015 1,052 1,091 1,131
 57 753 780 809 838 869 900 933 966 1,001 1,038 1,075 1,114 1,155
 58 772 800 829 858 889 921 954 989 1,024 1,061 1,099 1,139 1,180
 59 792 820 849 879 911 943 977 1,011 1,047 1,085 1,123 1,163 1,205
 60 811 840 870 900 932 965 999 1,035 1,071 1,109 1,148 1,189 1,231
 61 832 861 891 922 955 988 1,023 1,058 1,095 1,134 1,173 1,214 1,257
 62 853 882 913 945 977 1,011 1,046 1,083 1,120 1,159 1,199 1,241 1,284
 63 874 904 935 967 1,001 1,035 1,071 1,107 1,145 1,185 1,226 1,268 1,311
 64 896 927 958 991 1,025 1,059 1,096 1,133 1,171 1,211 1,253 1,295 1,339
 65 919 950 982 1,015 1,049 1,084 1,121 1,159 1,198 1,238 1,280 1,323 1,368
 66 942 973 1,006 1,039 1,074 1,110 1,147 1,185 1,225 1,266 1,308 1,352 1,397
 67 965 997 1,030 1,065 1,100 1,136 1,174 1,213 1,253 1,294 1,337 1,381 1,427
 68 990 1,022 1,056 1,090 1,126 1,163 1,201 1,241 1,281 1,323 1,367 1,411 1,458
 69 1,015 1,048 1,082 1,117 1,153 1,190 1,229 1,269 1,310 1,353 1,397 1,442 1,489
 70 1,040 1,074 1,108 1,144 1,181 1,219 1,258 1,298 1,340 1,383 1,427 1,473 1,521
 71 1,066 1,100 1,135 1,171 1,209 1,247 1,287 1,328 1,370 1,414 1,459 1,505 1,553
 72 1,093 1,128 1,163 1,200 1,238 1,277 1,317 1,358 1,401 1,445 1,491 1,538 1,586
 73 1,121 1,156 1,192 1,229 1,267 1,307 1,348 1,390 1,433 1,478 1,524 1,571 1,620
 74 1,149 1,184 1,221 1,259 1,297 1,338 1,379 1,421 1,465 1,511 1,557 1,605 1,655
 75 1,178 1,214 1,251 1,289 1,328 1,369 1,411 1,454 1,499 1,544 1,592 1,640 1,690
 76 1,207 1,244 1,281 1,320 1,360 1,401 1,444 1,487 1,533 1,579 1,627 1,676 1,727
 77 1,238 1,275 1,313 1,352 1,393 1,434 1,477 1,522 1,567 1,614 1,663 1,712 1,764
 78 1,269 1,306 1,345 1,385 1,426 1,468 1,512 1,557 1,603 1,650 1,699 1,749 1,801
 79 1,301 1,339 1,378 1,418 1,460 1,503 1,547 1,592 1,639 1,687 1,737 1,787 1,840
 80 1,333 1,372 1,412 1,453 1,495 1,538 1,583 1,629 1,676 1,725 1,775 1,826 1,879
 81 1,367 1,406 1,446 1,488 1,531 1,575 1,620 1,666 1,714 1,763 1,814 1,866 1,919
 82 1,401 1,441 1,482 1,524 1,567 1,612 1,657 1,704 1,753 1,803 1,854 1,906 1,960
 83 1,436 1,477 1,518 1,561 1,605 1,650 1,696 1,744 1,793 1,843 1,895 1,948 2,002
 84 1,473 1,513 1,555 1,599 1,643 1,689 1,735 1,784 1,833 1,884 1,936 1,990 2,045
 85 1,510 1,551 1,594 1,637 1,682 1,728 1,776 1,825 1,875 1,926 1,979 2,033 2,089
 86 1,548 1,589 1,633 1,677 1,722 1,769 1,817 1,866 1,917 1,969 2,022 2,077 2,134
 87 1,586 1,629 1,673 1,717 1,764 1,811 1,859 1,909 1,960 2,013 2,067 2,122 2,179
 88 1,626 1,669 1,714 1,759 1,806 1,854 1,903 1,953 2,005 2,058 2,113 2,169 2,226
 89 1,667 1,711 1,756 1,802 1,849 1,897 1,947 1,998 2,050 2,104 2,159 2,216 2,274
 90 1,709 1,753 1,799 1,845 1,893 1,942 1,992 2,044 2,097 2,151 2,207 2,264 2,322
 91 1,752 1,797 1,843 1,890 1,938 1,988 2,039 2,091 2,144 2,199 2,255 2,313 2,372
 92 1,796 1,841 1,888 1,936 1,984 2,035 2,086 2,139 2,193 2,248 2,305 2,363 2,423
 93 1,841 1,887 1,934 1,982 2,032 2,083 2,135 2,188 2,242 2,298 2,356 2,414 2,475
 94 1,887 1,934 1,982 2,030 2,080 2,132 2,184 2,238 2,293 2,350 2,407 2,467 2,527
 95 1,935 1,982 2,030 2,080 2,130 2,182 2,235 2,289 2,345 2,402 2,460 2,520 2,582
 96 1,984 2,031 2,080 2,130 2,181 2,233 2,287 2,342 2,398 2,456 2,515 2,575 2,637
 97 2,033 2,082 2,131 2,181 2,233 2,286 2,340 2,396 2,452 2,510 2,570 2,631 2,693
 98 2,085 2,133 2,183 2,234 2,286 2,340 2,395 2,451 2,508 2,567 2,627 2,688 2,751
 99 2,137 2,186 2,237 2,288 2,341 2,395 2,450 2,507 2,565 2,624 2,684 2,746 2,810
100 2,191 2,241 2,292 2,344 2,397 2,452 2,507 2,564 2,623 2,682 2,743 2,806 2,870
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TABLE 16-7 (continued)

Estimation of Fetal Weight (in grams) by Biparietal Diameter (BPD) and Abdominal Circumference (AC)*

AC (MM)

BPD 
(mm) 285 290 295 300 305 310 315 320 325 330 335 340 345

 31 696 726 759 793 828 865 903 943 985 1,029 1,075 1,123 1,173
 32 710 742 774 809 844 882 921 961 1,004 1,048 1,094 1,143 1,193
 33 725 757 790 825 861 899 938 979 1,022 1,067 1,114 1,163 1,214
 34 740 773 806 841 878 916 956 998 1,041 1,087 1,134 1,183 1,235
 35 756 789 823 858 896 934 975 1,017 1,061 1,107 1,154 1,204 1,256
 36 772 805 840 876 913 953 993 1,036 1,080 1,127 1,175 1,226 1,278
 37 788 822 857 893 931 971 1,012 1,056 1,101 1,147 1,196 1,247 1,300
 38 805 839 874 911 950 990 1,032 1,076 1,121 1,168 1,218 1,269 1,323
 39 822 856 892 930 969 1,009 1,052 1,096 1,142 1,190 1,240 1,292 1,346
 40 839 874 911 949 988 1,029 1,072 1,117 1,163 1,212 1,262 1,315 1,369
 41 857 892 929 968 1,008 1,049 1,093 1,138 1,185 1,234 1,285 1,338 1,393
 42 875 911 948 987 1,028 1,070 1,114 1,159 1,207 1,256 1,308 1,361 1,417
 43 893 930 968 1,007 1,048 1,091 1,135 1,181 1,229 1,279 1,331 1,385 1,442
 44 912 949 987 1,027 1,069 1,112 1,157 1,204 1,252 1,303 1,355 1,410 1,467
 45 932 969 1,008 1,048 1,090 1,134 1,179 1,226 1,275 1,326 1,380 1,435 1,492
 46 951 989 1,028 1,069 1,112 1,156 1,202 1,249 1,299 1,351 1,404 1,406 1,518
 47 971 1,010 1,049 1,091 1,134 1,178 1,225 1,273 1,323 1,375 1,430 1,486 1,545
 48 992 1,031 1,071 1,113 1,156 1,201 1,248 1,297 1,348 1,401 1,455 1,512 1,571
 49 1,013 1,052 1,093 1,135 1,179 1,225 1,272 1,322 1,373 1,426 1,482 1,539 1,599
 50 1,034 1,074 1,115 1,158 1,203 1,249 1,297 1,347 1,399 1,452 1,508 1,566 1,626
 51 1,056 1,096 1,138 1,181 1,226 1,273 1,322 1,372 1,425 1,479 1,535 1,594 1,655
 52 1,078 1,119 1,161 1,205 1,251 1,298 1,347 1,398 1,451 1,506 1,563 1,622 1,683
 53 1,101 1,142 1,185 1,229 1,276 1,323 1,373 1,425 1,478 1,533 1,591 1,651 1,713
 54 1,124 1,166 1,209 1,254 1,301 1,349 1,399 1,452 1,506 1,562 1,620 1,680 1,742
 55 1,148 1,190 1,234 1,279 1,327 1,376 1,426 1,497 1,534 1,590 1,649 1,710 1,773
 56 1,172 1,215 1,259 1,305 1,353 1,402 1,454 1,507 1,562 1,619 1,678 1,740 1,803
 57 1,197 1,240 1,285 1,332 1,380 1,430 1,482 1,535 1,591 1,649 1,709 1,770 1,835
 58 1,222 1,266 1,311 1,358 1,407 1,458 1,510 1,564 1,621 1,679 1,739 1,802 1,866
 59 1,248 1,292 1,338 1,386 1,435 1,486 1,539 1,594 1,651 1,710 1,770 1,834 1,899
 60 1,274 1,319 1,366 1,414 1,464 1,515 1,569 1,624 1,682 1,741 1,802 1,866 1,932
 61 1,301 1,346 1,393 1,442 1,493 1,545 1,599 1,655 1,713 1,773 1,835 1,899 1,965
 62 1,328 1,374 1,422 1,471 1,522 1,575 1,630 1,686 1,745 1,805 1,868 1,932 1,999
 63 1,356 1,403 1,451 1,501 1,552 1,606 1,661 1,718 1,777 1,838 1,901 1,967 2,034
 64 1,385 1,432 1,481 1,531 1,583 1,837 1,693 1,751 1,810 1,872 1,935 2,001 2,069
 66 1,444 1,492 1,542 1,594 1,647 1,702 1,759 1,817 1,878 1,941 2,006 2,073 2,142
 67 1,474 1,523 1,574 1,626 1,679 1,735 1,792 1,852 1,913 1,976 2,042 2,109 2,179
 68 1,505 1,555 1,606 1,658 1,713 1,769 1,827 1,887 1,949 2,012 2,078 2,147 2,217
 69 1,537 1,587 1,639 1,692 1,747 1,803 1,862 1,922 1,985 2,049 2,116 2,184 2,255
 70 1,570 1,620 1,672 1,726 1,781 1,839 1,898 1,959 2,022 2,087 2,154 2,223 2,295
 71 1,603 1,654 1,706 1,761 1,817 1,875 1,934 1,996 2,059 2,125 2,193 2,262 2,334
 72 1,636 1,688 1,741 1,796 1,853 1,911 1,971 2,044 2,098 2,164 2,232 2,302 2,375
 73 1,671 1,723 1,777 1,832 1,890 1,948 2,009 2,072 2,137 2,203 2,272 2,343 2,416
 74 1,706 1,759 1,813 1,869 1,927 1,987 2,048 2,111 2,176 2,244 2,313 2,384 2,458
 75 1,742 1,795 1,850 1,907 1,965 2,025 2,087 2,151 2,217 2,265 2,354 2,426 2,501
 76 1,779 1,833 1,888 1,945 2,004 2,065 2,127 2,192 2,258 2,326 2,397 2,469 2,544
 77 1,816 1,871 1,927 1,985 2,044 2,105 2,168 2,233 2,300 2,369 2,440 2,513 2,588
 78 1,855 1,910 1,966 2,025 2,085 2,146 2,210 2,275 2,343 2,412 2,484 2,557 2,633
 79 1,894 1,949 2,006 2,065 2,126 2,188 2,252 2,318 2,386 2,456 2,528 2,603 2,679
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TABLE 16-7 (continued)

Estimation of Fetal Weight (in grams) by Biparietal Diameter (BPD) and Abdominal Circumference (AC)*

AC (MM)

BPD 
(mm) 285 290 295 300 305 310 315 320 325 330 335 340 345

 80 1,934 1,990 2,048 2,107 2,168 2,231 2,296 2,362 2,431 2,501 2,574 2,649 2,725
 81 1,975 2,031 2,089 2,149 2,211 2,275 2,340 2,407 2,476 2,547 2,620 2,695 2,773
 82 2,016 2,073 2,132 2,193 2,255 2,319 2,385 2,462 2,522 2,594 2,667 2,743 2,821
 83 2,059 2,116 2,176 2,237 2,300 2,364 2,431 2,499 2,569 2,641 2,715 2,791 2,870
 84 2,102 2,160 2,220 2,282 2,345 2,410 2,477 2,546 2,617 2,689 2,764 2,841 2,920
 85 2,146 2,205 2,266 2,328 2,392 2,457 2,525 2,594 2,665 2,739 2,814 2,891 2,970
 86 2,192 2,251 2,312 2,375 2,439 2,505 2,573 2,643 2,715 2,789 2,864 2,942 3,022
 87 2,238 2,298 2,359 2,423 2,488 2,554 2,623 2,693 2,765 2,840 2,916 2,994 3,074
 88 2,285 2,346 2,408 2,472 2,537 2,604 2,673 2,744 2,817 2,892 2,968 3,047 3,128
 89 2,333 2,394 2,457 2,521 2,587 2,655 2,725 2,796 2,869 2,944 3,021 3,101 3,182
 90 2,382 2,444 2,507 2,572 2,639 2,707 2,777 2,849 2,923 2,998 3,076 3,155 3,237
 91 2,433 2,495 2,559 2,624 2,691 2,760 2,830 2,903 2,977 3,053 3,131 3,211 3,293
 92 2,484 2,547 2,611 2,677 2,744 2,814 2,885 2,958 3,032 3,109 3,187 3,268 3,350
 93 2,536 2,599 2,664 2,731 2,799 2,869 2,940 3,014 3,089 3,166 3,245 3,326 3,409
 94 2,590 2,653 2,719 2,786 2,854 2,925 2,997 3,070 3,146 3,224 3,303 3,384 3,468
 95 2,644 2,709 2,774 2,842 2,911 2,982 3,054 3,129 3,205 3,283 3,362 3,444 3,528
 96 2,700 2,765 2,831 2,899 2,969 3,040 3,113 3,188 3,264 3,343 3,423 3,505 3,589
 97 2,757 2,822 2,889 2,958 3,028 3,099 3,173 3,248 3,325 3,404 3,484 3,567 3,651
 98 2,815 2,881 2,948 3,017 3,088 3,160 3,234 3,309 3,387 3,466 3,547 3,630 3,715
 99 2,874 2,941 3,009 3,078 3,149 3,222 3,296 3,372 3,450 3,529 3,600 3,694 3,779
100 2,935 3,002 3,070 3,140 3,211 3,285 3,359 3,436 3,514 3,594 3,676 3,759 3,845

BPD 
(mm) 350 355 360 365 370 375 380 385 390 395 400

 31 1,225 1,279 1,336 1,396 1,458 1,523 1,591 1,661 1,735 1,812 1,893
 32 1,246 1,301 1,258 1,418 1,481 1,546 1,615 1,686 1,761 1,838 1,920
 33 1,267 1,323 1,381 1,441 1,504 1,570 1,639 1,711 1,786 1,865 1,946
 34 1,289 1,345 1,403 1,464 1,528 1,595 1,664 1,737 1,812 1,891 1,973
 35 1,311 1,367 1,426 1,488 1,552 1,619 1,689 1,762 1,839 1,918 2,001
 36 1,333 1,390 1,450 1,512 1,577 1,645 1,715 1,789 1,865 1,945 2,029
 37 1,356 1,413 1,474 1,536 1,602 1,670 1,741 1,815 1,893 1,973 2,057
 38 1,379 1,437 1,498 1,561 1,627 1,696 1,768 1,842 1,920 2,001 2,086
 39 1,402 1,461 1,523 1,586 1,653 1,722 1,794 1,870 1,948 2,030 2,115
 40 1,426 1,486 1,548 1,612 1,679 1,749 1,822 1,898 1,977 2,059 2,145
 41 1,451 1,511 1,573 1,638 1,706 1,776 1,849 1,926 2,005 2,088 2,174
 42 1,475 1,536 1,599 1,664 1,733 1,804 1,878 1,954 2,035 2,118 2,205
 43 1,500 1,562 1,625 1,691 1,760 1,832 1,906 1,984 2,064 2,148 2,236
 44 1,526 1,588 1,652 1,718 1,788 1,860 1,935 2,013 2,094 2,179 2,267
 45 1,552 1,614 1,679 1,746 1,816 1,889 1,964 2,043 2,125 2,210 2,298
 46 1,579 1,641 1,706 1,774 1,845 1,918 1,994 2,073 2,156 2,241 2,330
 47 1,605 1,669 1,734 1,803 1,874 1,948 2,024 2,104 2,187 2,273 2,363
 48 1,633 1,697 1,763 1,832 1,904 1,976 2,055 2,136 2,219 2,306 2,396
 49 1,661 1,725 1,792 1,861 1,934 2,009 2,086 2,167 2,251 2,339 2,429
 50 1,689 1,754 1,821 1,891 1,964 2,040 2,118 2,200 2,284 2,372 2,463
 51 1,718 1,783 1,851 1,922 1,995 2,071 2,150 2,232 2,317 2,406 2,498
 52 1,747 1,813 1,882 1,953 2,027 2,103 2,183 2,266 2,351 2,440 2,532
 53 1,777 1,843 1,913 1,984 2,059 2,136 2,216 2,299 2,386 2,475 2,568
 54 1,807 1,874 1,944 2,016 2,091 2,169 2,250 2,333 2,420 2,510 2,604
 55 1,838 1,906 1,976 2,049 2,124 2,203 2,284 2,368 2,456 2,546 2,640
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TABLE 16-7 (continued)

Estimation of Fetal Weight (in grams) by Biparietal Diameter (BPD) and Abdominal Circumference (AC)*

AC (MM)

BPD 
(mm) 350 355 360 365 370 375 380 385 390 395 400

 56 1,869 1,938 2,008 2,082 2,158 2,237 2,319 2,403 2,491 2,582 2,677
 57 1,901 1,970 2,041 2,115 2,192 2,272 2,354 2,439 2,528 2,619 2,714
 58 1,934 2,003 2,075 2,150 2,227 2,307 2,390 2,475 2,564 2,657 2,752
 59 1,966 2,037 2,109 2,184 2,262 2,342 2,426 2,512 2,602 2,694 2,790
 60 2,000 2,071 2,144 2,219 2,298 2,379 2,463 2,550 2,640 2,733 2,829
 61 2,034 2,105 2,179 2,255 2,334 2,416 2,500 2,588 2,678 2,772 2,869
 62 2,069 2,140 2,215 2,291 2,371 2,453 2,538 2,626 2,717 2,811 2,909
 63 2,104 2,176 2,251 2,328 2,408 2,491 2,577 2,665 2,757 2,851 2,949
 64 2,140 2,213 2,288 2,366 2,446 2,530 2,616 2,705 2,797 2,892 2,991
 65 2,176 2,250 2,326 2,404 2,485 2,569 2,656 2,745 2,838 2,933 3,032
 66 2,213 2,287 2,364 2,443 2,524 2,609 2,696 2,786 2,879 2,975 3,075
 67 2,251 2,326 2,403 2,482 2,564 2,649 2,737 2,827 2,921 3,018 3,117
 68 2,290 2,365 2,442 2,522 2,605 2,690 2,778 2,869 2,964 3,061 3,161
 69 2,329 2,404 2,482 2,563 2,646 2,732 2,821 2,912 3,007 3,104 3,205
 70 2,368 2,444 2,523 2,604 2,688 2,774 2,863 2,955 3,050 3,149 3,250
 71 2,409 2,485 2,564 2,646 2,730 2,817 2,907 2,999 3,095 3,193 3,295
 72 2,450 2,527 2,607 2,689 2,773 2,861 2,951 3,044 3,140 3,239 3,341
 73 2,491 2,569 2,649 2,732 2,817 2,905 2,996 3,089 3,186 3,285 3,386
 74 2,534 2,612 2,693 2,776 2,862 2,950 3,041 3,135 3,232 3,332 3,435
 75 2,577 2,656 2,737 2,821 2,907 2,996 3,088 3,182 3,279 3,380 3,483
 76 2,621 2,700 2,782 2,866 2,953 3,042 3,134 3,299 3,327 3,428 3,531
 77 2,666 2,746 2,828 2,912 3,000 3,090 3,128 3,277 3,376 3,477 3,581
 78 2,711 2,792 2,874 2,959 3,047 3,137 3,230 3,326 3,425 3,526 3,631
 79 2,757 2,838 2,921 3,007 3,095 3,186 3,279 3,376 3,475 3,576 3,681
 80 2,804 2,886 2,969 3,056 3,144 3,235 3,329 3,426 3,525 3,627 3,733
 81 2,852 2,934 3,018 3,105 3,194 3,286 3,380 3,477 3,577 3,679 3,785
 82 2,901 2,983 3,068 3,155 3,244 3,336 3,431 3,529 3,629 3,732 3,838
 83 2,950 3,033 3,118 3,206 3,296 3,388 3,483 3,581 3,682 3,785 3,891
 84 3,001 3,084 3,169 3,257 3,348 3,441 3,536 3,634 3,735 3,839 3,945
 85 3,052 3,135 3,221 3,310 3,401 3,494 3,590 3,688 3,790 3,894 4,000
 86 3,104 3,188 3,274 3,363 3,454 3,548 3,644 3,743 3,845 3,949 4,056
 87 3,157 3,241 3,328 3,417 3,509 3,603 3,700 3,799 3,901 4,005 4,113
 88 3,210 3,295 3,383 3,472 3,565 3,659 3,756 3,855 3,958 4,063 4,170
 89 3,265 3,351 3,438 3,528 3,621 3,716 3,813 3,913 4,015 4,120 4,228
 90 3,321 3,407 3,495 3,585 3,678 3,773 3,871 3,971 4,074 4,179 4,287
 91 3,377 3,464 3,552 3,643 3,736 3,832 3,930 4,030 4,133 4,239 4,347
 92 3,435 3,522 3,611 3,702 3,795 3,891 3,989 4,090 4,193 4,299 4,408
 93 3,494 3,581 3,670 3,761 3,855 3,951 4,050 4,151 4,254 4,361 4,469
 94 3,553 3,641 3,738 3,822 3,916 4,013 4,111 4,213 4,316 4,423 4,532
 95 3,614 3,701 3,791 3,884 3,978 4,075 4,174 4,275 4,379 4,486 4,595
 96 3,675 3,763 3,854 3,946 4,041 4,138 4,237 4,339 4,443 4,550 4,659
 97 3,738 3,826 3,917 4,010 4,105 4,202 4,302 4,404 4,508 4,615 4,724
 98 3,802 3,890 3,981 4,074 4,170 4,267 4,367 4,469 4,573 4,680 4,790
 99 3,866 3,956 4,047 4,140 4,236 4,333 4,433 4,536 4,640 4,747 4,857
100 3,932 4,022 4,113 4,207 4,303 4,400 4,501 4,603 4,708 4,815 4,924

* Estimated fetal weights: Log (birth weight) � �1.7492 � 0.166 (BPD) � 0.046 (AC) � 2.646 (AC � BPD)/1,000.
(From Shepard MJ, Richards VA, Berkowitz RL, et al. An evaluation of two equations for predicting fetal weight by ultrasound. Am J Obstet 

Gynecol. 1982; 147:47–54. Used by permission.)
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 In a ratio, the parameter that is the so-called  “standard” 
is usually the denominator. 68  As the comparative numer-
ator becomes larger, the ratio also increases, and vice 
versa. This standard is not always followed and either 
parameter can be used as the numerator as long as the 
observer understands the relationships in the ratio. 45  It is 
best if ratios compare like measurements; that is to say, 
compare linear to linear measurements, circumferences 
to circumferences, or volumes to volumes. A consider-
ation for the use of ratios to evaluate proportions is in the 
case where a particular ratio is abnormal. The observer 
must then determine if the numerator or the denomina-
tor of the ratio is the abnormal parameter. 

 Ratio  �  numerator/denominator 
 Percentage  �  100(numerator/denominator) 

 ABDOMEN TO HEAD RATIO 

 Many ratios have been proposed to evaluate the pro-
portionality of fetal parameters. One of the most com-
mon is the transverse head circumference/abdominal 
circumference ratio (HC/AC) 45,46  With this ratio, as the 

most uniform organ in humans, whereas the size of 
the abdomen indicates fat content and liver size, and 
the femur length is usually proportional to fetal length. 1  
The caveat for these methods is that they cannot detect 
“symmetric IUGR” in a single examination. The sonog-
rapher should be particularly careful when taking mea-
surements to be used in weight estimates, particularly 
those involving abdominal diameter and AC. It is easy 
to err on the small side and underestimate fetal weight. 

 FETAL PARAMETER RATIOS 
 Ratios of various parameters have been historically 
used to assess fetal proportionality. The ratio or index 
is a powerful statistical tool for comparing the relative 
sizes of two parameters. This is because many fetal 
parameters grow at different rates and it is diffi cult to 
compare their sizes directly. However, at any given time 
in gestation the ratio of their sizes is normally fairly 
consistent. This means that calculating the ratio of the 
two measurements provides an idea of their relative 
sizes, one to the other. 

TABLE 16-8

Fetal Biometric Ratios

 HC/AC AC/FL BPD/FL

GA (wks) 5th 50th 95th 5th 50th 95th 5th 50th 95th

 14 1.12 1.23 1.33 4.82 5.40 6.04 1.70 1.87 2.06
 15 1.11 1.22 1.32 4.64 5.19 5.81 1.62 1.78 1.95
 16 1.10 1.21 1.31 4.49 5.03 5.62 1.55 1.70 1.87
 17 1.09 1.20 1.30 4.37 4.89 5.47 1.49 1.64 1.80
 18 1.09 1.19 1.29 4.27 4.78 5.34 1.45 1.59 1.74
 19 1.08 1.18 1.29 4.19 4.69 5.24 1.41 1.54 1.69
 20 1.07 1.17 1.28 4.13 4.62 5.16 1.37 1.51 1.66
 21 1.06 1.16 1.27 4.08 4.56 5.10 1.35 1.48 1.62
 22 1.05 1.15 1.26 4.05 4.53 5.06 1.33 1.46 1.60
 23 1.04 1.14 1.25 4.03 4.50 5.04 1.31 1.44 1.58
 24 1.03 1.13 1.24 4.02 4.49 5.02 1.30 1.43 1.57
 25 1.02 1.12 1.23 4.02 4.49 5.02 1.29 1.42 1.56
 26 1.01 1.11 1.22 4.02 4.50 5.03 1.29 1.41 1.55
 27 1.00 1.10 1.21 4.04 4.51 5.05 1.28 1.41 1.54
 28 0.99 1.09 1.20 4.05 4.53 5.07 1.28 1.40 1.54
 29 0.98 1.08 1.19 4.08 4.56 5.10 1.28 1.40 1.54
 30 0.97 1.08 1.18 4.10 4.58 5.13 1.28 1.40 1.54
 31 0.96 1.07 1.17 4.12 4.61 5.16 1.27 1.40 1.53
 32 0.95 1.06 1.16 4.15 4.64 5.19 1.27 1.39 1.53
 33 0.94 1.05 1.15 4.17 4.66 5.22 1.27 1.39 1.53
 34 0.93 1.04 1.14 4.19 4.69 5.24 1.26 1.37 1.52
 35 0.92 1.03 1.13 4.20 4.70 5.26 1.25 1.36 1.51
 36 0.91 1.02 1.12 4.21 4.71 5.27 1.24 1.34 1.49
 37 0.90 1.01 1.11 4.21 4.70 5.27 1.22 1.32 1.47
 38 0.89 1.00 1.10 4.20 4.68 5.26 1.20 1.30 1.45
 39 0.88 0.99 1.09 4.18 4.66 5.23 1.18 1.28 1.42

From Snijders RJ, Nicolaides KH. Fetal biometry at 14–40 weeks’ gestation. Ultrasound Obstet Gynecol. 1994;4(1):34–48.
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abdomen becomes larger, relative to the head, the ratio 
becomes smaller, and vice versa. The HC/AC ratio is 
normally 1:1 (299 mm/299 mm  �  1.0) at �34 LMP 
weeks. This ratio should normally be over 100% before 
34 weeks and less after that time (Table 16-8). 

 OTHER BODY RATIOS 

 Other ratios that are useful in the study of fetal propor-
tions are ratios comparing the femur length, the BPD, 
and the abdominal AC (Table 16-8). 

 SUMMARY 
 Factors that the sonographer should be particularly 
aware of are as follows: 

 • To use any fetal parameter size-age chart, the user 
must know how the measurements were taken and 
must take measurements by the methods used by the 
author to construct the chart. 

 • The use of multiple fetal parameter average ages and the 
range of the ages produce more accurate dates and are 
more likely to expose abnormal parameters or erroneous 
measurements than is the use of single fetal parameters. 

 • Any two fetal parameter ages from the same examination 
should not have a range in weeks over 20% of the fetal 
age (range of ages  �  maximum age  �  minimum age). 

 • All parameter ages from an examination should be 
within  � 10% of the average fetal parameter age. 1  

 • Age estimates from fetal head parameters normally have 
about half the error (variance) of body parameter ages. 

 • Long bone (femur, humerus) sonographic measure-
ments should include only the osseous portions of 
the bone diaphysis (shaft). The sonographer should 
be careful not to include beam width artifacts or the 
DFP or PHP in the measurement. 

 • If the transverse cephalic index is normal and the cor-
onal skull shape is a circle, then the BPD is a good esti-
mator of dates; otherwise, the HC is recommended as 
head molding increases. When taking measurements 
the sonographer should always use the transducer and 
focal range that give the highest resolution. 

 • Once EDC has been confi rmed with ultrasound, it 
should not be changed. 
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 17 The Fetal Environment
 Malka Stromer 

 KEY TERMS 

 placenta previa  |  cerclage  |  placenta accreta  |  increta and percreta  |  Braxton-Hicks  |  
retroplacental  |  fetoplacental hemodynamics  |  battledore placenta  |  velamentous insertion  |  
placentomyometrial  |  bilobed placenta (succenturiate lobe)  |  circumvallate placenta  |  annular 
placenta  |  placenta membranacea  |  placental hydrops  |  subchorionic lakes  |  intervillous 
thrombosis  |  placental infarction  |  nuchal cord  |  cord prolapse  |  vasa previa  |  Wharton’s jelly 

 OBJECTIVES 

 Explain the embryonic development of the placenta and cord 

  Identify the normal appearance of the placenta, cord, uterus, and cervix during pregnancy 

 Appraise images for proper bladder fi lling in the second and third trimester 

 Discuss abnormal placenta location and attachment 

  Determine images of the fetal environment to include in the sonographic examination 

 Differentiate between oligohydramnios and polyhydramnios 

 different terms used to describe the depth of 
placental invasion 

 Placenta hydrops Abnormal fl uid accumulation 
 coexisting with fetal hydrops 

 Placenta previa Low uterine implantation of the pla-
centa resulting in total or partial covering of the cervix 

 Retroplacental Area between the myometrium and 
placenta 

 Placental infarction Tissue death resulting from circu-
latory obstruction 

 Placenta membranacea Fetal membranes covered by 
chorionic villi due to failure of chorion differentiation 
into the chorion laeve and chorion frondosum 

 Trophoblast Extraembryonic tissue that develops into 
the placenta 

 Valsalva Inhalation and suspension of breath coupled 
with abdominal muscle contraction to increase abdomi-
nal pressure 

 Vasa previa Crossing of the cervix by the umbilical 
cord coexisting with a velamentous cord insertion or 
placental succenturiate 

 Velamentous insertion Cord attachment to the edge of 
the placenta 

 Vernix caseosum White, cheeselike coating of fetal skin 

 Wharton’s jelly Mucous tissue surrounding the 
 umbilical cord 

 GLOSSARY 

 Abruptio placentae Premature separation of the 
 placenta from the uterus 

 Annular placenta Bandlike placenta encircling the 
internal uterus 

 Battledore placenta Placenta with the umbilical cord 
inserted into the border 

 Bilobed placenta (succenturiate lobe) Extra placental 
lobe smaller than the placenta 

 Braxton-Hicks Uterine contractions that do not lead 
to labor 

 Cerclage Stitch placed into the incompetent cervix to 
prevent opening 

 Circumvallate placenta Abnormally attached placenta 
with a peripheral raised ring 

 Cotyledons Lobule or subdivision of the maternal 
placenta containing fetal vessels, chorionic villi, and the 
intervillous space 

 Cord prolapse Delivery of the cord before the fetus 

 Intervillous thrombosis Clot in the intervillous spaces 
of the placenta 

 Intervillous spaces (sinus) Placental spaces that com-
municate with maternal vessels 

 Nuchal cord 360 degree wrapping of the umbilical cord 
around the fetal neck 

 Placenta accreta, increta, and percreta  Abnormal 
attachment of the placenta to the uterus with 
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lead to second trimester spontaneous abortion or prema-
ture delivery. Cervical incompetence is the painless cervi-
cal dilatation. Placement of a stitch, known as a cerclage 
loop, prevents further dilatation and permits the pregnan-
cy to continue. 3  Several sonographic criteria have been 
proposed for early detection of cervical incompetence. 
Opening of the internal os with or without observance of 
protruding or herniating membranes, or a cervical length 
less than 2.5 centimeters (cm) in the third trimester is 
suggestive of cervical incompetence. 1,4  Once a cerclage 
is in place, it is visible sonographically as several bright 
echoes within the muscle of the cervix (Fig. 17-3). 

 Marked dilatation of the cervix with bulging of mem-
branes through the external os is a poor prognostic sign. 
Take special care while imaging the contents of the fl uid 
and membranes protruding into the cervical canal. The 
presence of any part of the umbilical cord within the 
cervical canal is a serious threat to the fetus, an obstetric 
emergency requiring immediate intervention (Fig. 17-4). 5  

 THE UTERUS: BODY 

 The muscular myometrium composes most of the uter-
ine body while an inner layer, the endometrium, lines 
the uterine cavity. During pregnancy, the smooth muscle 
of the myometrium stretches and hypertrophies rapidly. 
Myometrial vessels also proliferate and enlarge greatly. 6  

 On sonographic examination, the myometrium ap-
pears as a band of tissue surrounding the gestational 
sac that is less echogenic than the placenta. The uterine 
vessels are most abundant along the lateral uterine wall 
and may alter the echogenicity of the myometrium as 
they enlarge. 

 Myometrial thickness should be uniform around the 
gestational sac. Any evidence of thinning inferior to the 
placenta may indicate an abnormally adherent placenta 
such as placenta accreta, increta, or percreta (Fig. 17-5). 7  

 Throughout the pregnancy, focal areas of smooth mus-
cle in the uterine wall contract, causing a bulging into 

 During the second and third trimesters, the  obstetric 
sonographic examination is usually performed trans-
abdominally. The examination should include a 
full  evaluation of the fetus, including assessment 
of fetal anatomy, size, position, and state, as well as 
 examination of the uterus, placenta, and amniotic 
fl uid.  Although normal ovaries are often not visible in 
the second and third trimesters because the enlarging 
uterus obscures them, both adnexal areas should be 
scanned for residual  corpus luteal cysts and/or disease. 
If the mother has fl ank pain or other symptoms or signs 
related to the kidneys, they should be included in the 
sonographic examination. 

 UTERUS: CERVIX AND LOWER 
SEGMENT 
 The imaging examination of the cervix and lower uterine 
segment looks for evidence of cervical incompetence or 
placenta previa. Individuals with a history of premature 
labor and/or birth, premature rupture of membranes, 
uterine anomalies, or multiple gestations should un-
dergo cervical evaluation. Assessment of the lower 
segment and cervix is traditionally performed transab-
dominally through a partially full maternal bladder, but 
when the fetal head is low and obscures the cervix, 
translabial/transperineal or endovaginal scanning may 
be useful. The overfull bladder may  appose the anterior 
and posterior walls of the lower uterine segment, there-
by creating the false appearance of placenta previa or 
falsely elongating the cervical measurement (Fig. 17-1). 
Due to this potential of distortion, the endovaginal tech-
nique allows for a more accurate measurement of the 
cervical length (internal os to external os)(Fig. 17-2). 1  
Historically, application of fundal pressure or Valsalva 
techniques have been used to evaluate cervical length. 
These are no longer deemed necessary. 2  

 The cervix normally remains tightly closed until the 
time of delivery. Dilatation of the cervix before term can 

Figure 17-1 A: The cervix and lower uterine segment (arrow) compress with an overfull bladder. Bl, bladder B: An appropriately fi lled bladder 
and cervical length measurement.

 B A
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Figure 17-2 The normal cervix in the translabial (A) and endovaginal (B) image measures at least 3 cm on sagittal measurements.

A B

BA
Figure 17-3 A: Cervical cerclage. Inferior view of a cervix that has been cerclaged (as seen through the vagina). B: Incompetent cervix with 
 cerclage. Longitudinal endovaginal sonogram demonstrating dilated internal cervical os to the level of the cerclage represented by bright echoes 
in the distal cervix (arrows) and characteristic posterior shadowing (arrowhead). (Image courtesy of Philips Medical Systems, Bothell, WA.)

the amniotic cavity. These Braxton-Hicks contractions 
should not be confused with fi broids or altered placental 
patterns such as abruption or infarction. The muscle con-
tractions appear homogeneous in echotexture and should 
disappear within 30 to 45 minutes (Fig. 17-6). 

 Uterine leiomyomas, or fi broids, may be located in 
the wall of the uterus. They tend to be hypoechoic, 
round, and somewhat heterogeneous. They may dis-
tort the outer or inner contour of the uterus, but  unlike 
myometrial contractions they do not change during 
the course of a sonographic examination. Fibroids 
sometimes  enlarge during pregnancy and may become 
symptomatic owing to degeneration or increased uter-
ine irritability. Location of fi broids is important, as 
those in a retroplacental posi tion may increase risk of 

placental abruption. Large  fi broids positioned in the 
lower uterine segment may  obstruct delivery, forcing 
a C-section (Fig. 17-7). 8   

 Occasionally a subchorionic hematoma may mimic a 
fi broid or uterine contraction. Within several days, this 
subchorionic collection becomes cystic as the hemato-
ma breaks down and no longer confuses the diagnosis. 9  

 THE PLACENTA AND UMBILICAL CORD 
 Accurate assessment of the placenta and umbilical cord 
is of considerable importance in an obstetric sonograph-
ic evaluation. Placental pathology and/or abnormal 
placental development can result in a variety of com-
plications to the pregnancy. 10  The sonographer has the 



 396 PART 2 — OBSTETRIC SONOGRAPHY

vascular condition of the placenta and umbilical cord 
may suggest the presence of coincident fetal anomalies. 

 The extensive technological advances that have facili-
tated detailed sonographic study of the placenta include 
Doppler spectral analysis, color fl ow Doppler, and endo-
vaginal and transperineal ultrasound. Many sonography 
departments now consider endovaginal sonography to 
be a routine part of fi rst-trimester evaluation, and it has 
become a staple in the evaluation of complications such 
as placenta previa and vasa previa late in pregnancy. 

tools to perform a detailed evaluation of placental mor-
phology, placental localization, and fetoplacental he-
modynamics. Although detection of placental pathol-
ogy is often nonspecifi c, fi ndings lead the health care 
team toward further investigation to minimize risks to 
fetal outcomes. 11  Structural lesions (e.g., umbilical cord 
compression, placental tumor, or lesions consequent 
to maternal diseases such as hypertension or diabe-
tes) can result in vascular resistance changes, severely 
compromising the fetus. Moreover, the morphology and 

Figure 17-5 Placenta accreta or increta. A: Sagittal view of the lower uterus demonstrates markedly thinned myometrium (arrows) beneath the 
placenta (PL). B: Compare the normal hypoechoic myometrium of a sagittal image of the lower uterine segment (LUS).

A B

A B
Figure 17-4 Short funneled cervix. A: Transabominal view demonstrates a dilated cervix measuring 20.2 mm (�1 calipers) at the internal os. 
The length of the residual closed cervix is 23.4 mm (�2 calipers). B: Endovaginal view of the cervix (in another case) demonstrates a dilated 
cervix measuring 10.7 mm dilated (�2 calipers) at the internal os. Residual closed cervix measures 8.0 mm (�1 calipers).
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the gravid woman. The decidua is further named ac-
cording to the specifi c anatomic relationship to the 
implanted conceptus: 1) the decidual basalis lies deep 
to the conceptus and develops into the maternal side 
of the placenta; 2) the decidua capsularis overlies the 
conceptus, and; 3) the decidua parietalis/vera encom-
passes all of the remaining decidua. 12  

 Cells known as trophoblasts, which arise from the 
implanting conceptus, invade the decidua and are 
therefore involved in early placental development. This 
is the beginning of the intercommunicating lacunar net-
work that later becomes placental intervillous spaces. 
Some of the trophoblasts form the chorionic sac, whose 
surface is covered by tiny projections known as chori-
onic villi. As the chorionic sac grows, the villi in close 
proximity to the decidua capsularis eventually becomes 
compressed, and a smooth, bare, avascular area called 
the smooth chorion emerges. On the other hand, the vil-
li associated with the decidua basalis (maternal side of 
placenta) persist and proliferate into the villous chorion 
or chorion frondosum, the fetal side of the placenta. 12  

 Placental Function 
 The placenta is the link between the mother and the 
fetus. It is where all nutritional, respiratory, and ex-
cretory exchanges that ensure fetal growth and de-
velopment take place. The placenta also has various 
metabolic functions, synthesizing sugars, fats, and hor-
mones (human chorionic gonadotropin, estrogen, and 
progesterone). 12  Fetal well-being depends on an intact 
and uncompromised uteroplacental vascular supply. 13  
Maternal disease or vascular abnormalities can affect 
the size, vascularization, and function of the placenta, 
which in turn may compromise fetal well-being. 

 Size, Shape, and Location 
 The placenta is a fl attened, circular, vascular organ that 
weighs about 480 to 600 grams (g) at term (one-sixth to 
one-seventh of fetal weight). Attachment to the uterine 

Color fl ow Doppler and conventional Doppler, used judi-
ciously, have revolutionized fetoplacental sonography 
and greatly increased our understanding of normal and 
abnormal gestational hemodynamics. A further benefi t of 
these advan ces has been to render established techniques 
(such as amniocentesis) quicker, safer, and easier to per-
form. In addition, a variety of newer ultrasound-guided 
invasive procedures such as percutaneous umbilical 
blood sampling, chorionic villus sampling, and placental 
biopsy have added to the fetal diagnostic repertoire. 

 PLACENTAL STRUCTURE AND FUNCTION 

 Development of the Placenta 
 The placenta is composed of both a maternal (arising 
from the endometrium) and fetal (arising from a section 
of the chorionic sac) portion. Decidua is the term used 
to describe the functional layer of the endometrium in 

Figure 17-6 A: Transverse image of a right lateral placenta demonstrates a contraction (C) inferior to the placenta (PL). B: The same area later 
in the exam demonstrates relaxation of the contraction.

A B

Figure 17-7 A fi broid (F) has a focal hypoechoic mass appearance 
inferior to the anteriorly located placenta (PL). (Image courtesy of 
Philips Medical Systems, Bothell, WA.)
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Figure 17-8 Fetal circulation and section of placenta. Colors show relative oxygen content of blood.

wall can occur anywhere within the uterine cavity. At the 
fetal side is a fused layer of amnion and chorion (chorionic 
plate) with underlying fetal vessels. At the maternal side 
are about 20 functional lobes, or cotyledons, composed 
of maternal sinusoids and chorionic villous structures 
(Fig. 17-8). 14   The placenta is a relatively homogeneous or-
gan that may exhibit varying degrees of calcifi cation and 
anechoic spaces (lacunae) in later pregnancy. 

 By the end of the fourth month sonography helps 
identify the fi nal shape of the placenta. It is usually dis-
coid. The normal cord insertion is approximately in the 
central portion, but it may insert eccentrically near the 
margins (battledore placenta) or below the edge of 
the placenta (velamentous insertion) (Fig. 17-9). 10,14  In 
general, the wider the base of attachment, the thinner 
the placenta. Evaluation of placental length,  volume, 
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and thickness allows for pregnancy outcome correla-
tion. In general, a placental thickness of greater than 
4 cm prior to 24 weeks’ gestation is considered abnor-
mal, and further investigation for causal effect should 
be considered. 10  

 Placental Circulation 
 The maternal and fetal circulations are separate. 14  Oxy-
genated maternal blood is pumped through spiral arteri-
oles within the decidua basalis and enters the intervillous 
spaces (sinus) surrounding and bathing the villi. Gases 
and nutrients exchange across the walls of the  villi, al-
lowing nutrition, respiration, and waste removal to take 
place. Deoxygenated fetal blood, carried to the placenta 
by the umbilical arteries, circulates through capillaries 
in the chorionic villi within the placental lobes. The re-
sulting oxygenated blood within the villous capillaries 
returns to the fetus through the umbilical vein. 14  

 During pregnancy, maternal blood volumes increase 
to satisfy fetal needs. The many vascular channels 
and sinusoidal structure of the placenta create a low-
impedance system, even lower than other fetal vas-
cular beds, at least until late in pregnancy. 14  Doppler 
investigation of maternal and fetal vessels demonstrates 
the low-resistance nature of the placenta. Anything that 
causes increased placental resistance or placental insuf-
fi ciency can have profound effects on the developing 
fetus. The term “placental insuffi ciency” is often used 
with reference to nonspecifi c placental defi ciencies. 
These usually relate to increased vascular resistance 
within the placenta, caused by either maternal or pla-
cental alterations. Doppler evaluation in compromised 
pregnancies provides much needed information, lead-
ing to improved management of these patients. Feto-
placental Doppler is discussed in depth in Chapter 24. 

 SCANNING TECHNIQUES 

 Transabdominal, Endovaginal, Transperineal, 
3D Imaging, and Doppler 
 Transabdominal scanning with a curvilinear transducer 
provides excellent delineation of placental structure 
and location. Endovaginal transducers allow visualiza-
tion of the placenta and umbilical cord earlier than with 
transabdominal imaging. In addition, due to transducer 
placement within the vagina directly adjacent to the 
uterus, there is no need for a full bladder. The proxim-
ity to the os, and an empty bladder, make the endovagi-
nal approach ideal for evaluating questionable previas 
late in pregnancy. 

 Transperineal ultrasound is a valuable adjunct to 
 obstetric ultrasound protocols when endovaginal imag-
ing is contraindicated or not available, particularly in 
evaluating the relationship between the placental edge 
and the internal os of the cervix. 15  Often in late second 
or third trimester pregnancies, the endocervical canal 
is obscured transabdominally, because of obstructive 
fetal parts and the inability to maintain a full bladder. 
With transperineal ultrasound, this area can be clearly 
 imaged in most cases. With the transducer placed di-
rectly on the maternal perineum, it is possible to obtain 
an image similar to that obtained endovaginally, with 
less discomfort to the patient. 16  

Figure 17-9 Umbilical cord insertions. A: Central insertion of cord 
into placenta. B: Battledore insertion. Cord is inserted near the 
margin or edge of the placenta. C: Velamentous insertion. Cord is 
inserted into chorioamniotic membranes, which extend beyond the 
placental parenchmya and lie along the uterine wall. Location of this 
type of insertion near the lower uterine segment can lead to compli-
cations such as vasa previa.

PATHOLOGY BOX 17-1

The Placenta

480–600 grams
20 functional lobes/cotyledons
Discoid shape
Central cord insertion
Normal placenta 2–4 cm thick
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time). 18  In general, a bladder is considered adequately 
full when cervical length is between 3 and 5 cm. 18,19  
To relieve severe discomfort in late second- and third-
trimester pregnancies, once the cervical area has been 
evaluated, the patient may void before the remainder of 
the examination is performed. 

 Because the endovaginal examination is best per-
formed with an empty bladder, it may be better tol-
erated in late pregnancy and can be a valuable tool 
in  assessing placenta previa. Although there are no 
confi rmed adverse effects of endovaginal imaging, in 
some laboratories endovaginal scanning is prohibited if 
vaginal bleeding has occurred during the pregnancy. In 
such cases, transperineal scanning may suffi ce. 20  

 Transducer, Angle, Frequency, 
and Gain Settings 
 A 3- or 3.5-megahertz (MHz) transducer is adequate 
for most routine imaging of the placenta. A lower-
frequency transducer improves the image in several in-
stances, such as in large patients, during third-trimester 
imaging, or when the fetus lies over a posterior pla-
centa. Real-time units allow the user to control the elec-
tronic focal zone of the transducer. 

 When scanning the placenta, the beam should be as 
perpendicular as possible to the chorionic plate, espe-
cially when measuring thickness. Adjust the gains so 
that the placenta has a uniform and homogeneous gran-
ular texture. Both the sharp, linear acoustic interface of 
the chorionic plate and the hypoechoic retroplacental 
zone should be seen clearly (Fig. 17-10).  Differentiation 
of placental tissue from that of a uterine contraction or 
myoma depends on clear visualization of these struc-
tures, particularly because posterior contractions may 
appear as echogenic as placental tissue. In such cases, 
other than waiting 20 to 30 minutes for disappearance of 
a contraction, the only way to prove that a particular tis-
sue mass is placental is to demonstrate areas of placental 

 In the past few years, valuable information has been 
obtained from conventional and color fl ow  Doppler 
studies of the umbilical cord and placenta. For  example, 
evaluation of the systolic-diastolic ratio in the uterine 
artery and evaluation for the persistence of an early 
diastolic notch have been demonstrated to be effective 
predictors of perinatal outcome, because they  relate 
 directly to increased placental or umbilical imped-
ance. 10  Use of pulsed-wave Doppler may expose the 
fetus to higher energy intensities than are consistent 
with safety. It is suggested that Doppler be used on the 
fetus only when a study is clinically indicated, and that 
power output, color sector size, and examination time 
be kept to a minimum. 10  

 Three-dimensional (3D) ultrasound complements 
two-dimensional (2D) and Doppler ultrasound, 
especially in the assessment of placental abnormali-
ties. 3D evaluation allows for more accurate detailing 
of anatomic relationships and internal architecture. 17  

 Is a Full Bladder Important? 
 For most transabdominal applications, the answer is a 
qualifi ed “yes.” A properly full bladder enhances pla-
cental visualization in early pregnancy and improves 
imaging of the lower uterine segment later in gestation. 
This latter point is particularly relevant when a diag-
nosis of placenta previa is being considered. An empty 
bladder may preclude visualization of the cervical os, 
but an overdistended bladder can cause a false-posi-
tive appear ance of placenta previa. A very full bladder 
causes close apposition of the anterior and posterior 
walls of the lower uterine segment, producing what ap-
pears to be the internal cervical os at a falsely superior 
location. The sonographer can improve patient comfort 
and reduce the possibility of false-positive images of 
placenta previa by varying the degree of bladder disten-
tion during the examination (i.e., start with full blad-
der, then have the  patient empty 1 cup of urine at a 

Figure 17-10 A: Curved linear image of an anterior placenta showing the distinct chorionic plate (arrow). B: Posterior placenta demonstrating 
the hypoechoic retroplacental zone (arrow). (Image A courtesy of Philips Medical Systems, Bothell, WA.)

A B
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placenta. For example, a broad-based placenta may be 
thinner and a narrow-based placenta thicker, without 
indicating the presence of any lesion. 3D volumes may 
become a more important measurement for the evalua-
tion of the placenta (Figure 17-12) .

 NORMAL SONOGRAPHY OF THE PLACENTA 

 Scanning Protocol 
 Placental evaluation should be part of every obstetric 
scan with documentation of the placental location of 
the placenta in relation to the internal cervical os. In 
the case of an accessory (succenturiate) lobe, note 
the location along with the position of the connecting 
tissue or membranes. Evaluate the structural texture, 
morphology, and any abnormalities of the placenta 
and the insertion site of the cord. Placental thickness 
should be determined and correlated with clinical data 
(Table 17-1). If there has been any vaginal bleeding or 
abdominal pain, examine the retroplacental area for 
possible areas of elevation. 

 Morphology 
 Endovaginal sonography can identify trophoblast develop-
ment as a distinct echogenic ring, as early as 4 to 5 weeks. 21  
The placenta is easily visualized transabdominally by 8 to 
10 weeks as focal thickening of the decidua surrounding 
the gestational sac (Fig. 17-13). By 12 weeks, the placenta 
clearly visualizes as a discoid structure with a homoge-
neous echotexture. This stage also allows for identifi ca-
tion of the sharp, linear acoustic interface of the chorionic 
plate on the fetal side of the placenta. 10  Other than the site 
of cord insertion, the subchorionic area usually appears 
smooth and uninterrupted throughout most of pregnancy. 
However, later in pregnancy this chorionic interface be-
comes less smooth as fetal vessels develop just below the 
placental surface. 12  Doppler assessment of the umbilical 

demarcation. 20  The gains may have to be reduced with 
posterior placentas to offset enhanced acoustic transmis-
sion from the overlying  amniotic fl uid. It is also impor-
tant not to confuse a retroplacental contraction with the 
retroplacental complex of maternal veins.  Increasing the 
gain to visualize fl owing blood during real-time obser-
vation can be useful in distinguishing placental lakes or 
retroplacental vascular structures from other hypoecho-
ic placental or retroplacental masses. The use of color 
 Doppler aids in this evaluation (Fig. 17-11). 

 Measurement of Placental Thickness 
 The sonographer should fi rst identify the placentomyo-
metrial interface in an unobstructed midpoint position. 
The measurement should exclude the myometrium and 
retroplacental complex. Ideally, the transducer should 
be perpendicular to the placenta lest the resultant mea-
surement be falsely high. 22  Evaluation of this measure-
ment should take into consideration the shape of the 

Figure 17-11 Color Doppler image of an anterior grade I placenta 
demonstrating retroplacental vascularity.

Figure 17-12 A: Curved linear image of a normal posterior placenta showing placement of cursors for measurement of placental thickness 
with a posterior placenta. The measurement excludes the retroplacental complex. B: Placement of the calipers for a lateral or fundal placenta 
is perpendicular to the placenta, not the beam. This placenta, taken at 25 weeks’ gestation, is thickened at 6.3 cm. P-placenta; F-fetus.

A B
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end of the fi rst trimester. This texture continues through-
out most of the pregnancy and usually images in the older 
placenta. However, in the second and third trimesters, in-
traplacental and subchorionic vascular spaces may some-
times be seen and should be assessed carefully. Although 
they usually have no clinical signifi cance (Fig. 17-14), 
any areas of varied echogenicity (e.g., a multiple cystic 
or vesicular appearance; irregular, hypoechoic areas; or 
highly echogenic areas with hypoechoic margins) should 
be carefully documented. There is an  association be-
tween increased levels of serum alpha- fetoprotein and the 
fi ndings of large vascular  spaces. A late third-trimester 
placenta may exhibit cystic areas located centrally within 
clearly delineated lobes. These nonvascular areas may 
represent areas of necrosis. 21  

 The Retroplacental Complex 
 No assessment of the placenta is complete without eval-
uation of the retroplacental complex (RPC). This zone 
is composed of the decidua basalis and portions of the 

artery has demonstrated the low-resistance, high diastolic 
blood fl ow characteristic of the normal placenta as early 
as 5 weeks’ gestation. 23  Increasing gain settings allows 
visual ization of red blood cell movement. In this manner, 
subchorionic and intraplacental vascular structures may 
be differentiated from other, nonvascular, pathologic enti-
ties. 24  In addition, 3D power Doppler is now being used 
to assess the angiographic features of  placental masses. 25  
Turning the transducer 90 degrees to demonstrate the tu-
bular nature of an unknown structure provides another 
clue to suggest that it is vascular. Occasionally, an area of 
the chorionic plate may be seen that appears separated 
from the placenta. This could represent an area of prior 
placental (subchorionic) hemorrhage and may be corre-
lated with a previous episode of vaginal bleeding. 

 Intraplacental Texture 
 Placental texture changes from an echogenic focal thick-
ening of the wall of the gestational sac early in pregnancy 
to the fi ne, granular, homogeneous texture seen from the 

Disease States in Relation to Placental Appearance10,21,47

Increased Placental Thickness
(�4 cm)

Decreased Placental Thickness 
(�2 cm)

Early Placental 
Maturation

Delayed Placental 
Maturation

Diabetes (nonvascular types) Pre-eclampsia IUGR Gestational diabetes
Rh incompatibility (hydropic changes) IUGR Hypertension Rh disease
Cytomegalovirus infection Juvenile diabetes (vascular forms)
Abruption* Placentation abnormality 

 (memraneous placenta)
Chorioangioma
Multiple gestation
Syphilis
Chromosomal abnormality (triploidy)

*Apparent thickening due to retroplacental clot, isoechoic with placenta.16,55

 TABLE 17-1 

Figure 17-13 This transabdominal image of a 9-week gestation dem-
onstrates focal thickening (arrow), representing early placental forma-
tion. (Image courtesy of Philips Medical Systems, Bothell, WA.)

Figure 17-14 Placental lakes appear as hypoechoic areas within the 
anterior placenta. Blood often images swirling within these struc-
tures. (Image courtesy of Philips Medical Systems, Bothell, WA.)
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myometrium, including maternal veins draining the 
placenta. Identifi able as early as 14 weeks, this typi-
cally hypoechoic area is 10 to 20 millimeters (mm) deep 
to the placenta. 26  Proper identifi cation of this area is 
important. A prominent anterior RPC can lead to exce-
ssive bleeding during invasive procedures such as 
amnio centesis or cesarean section. In addition, the RPC 
can mimic abruptio placentae, degenerating fi broids, 
or hydatidiform mole. Real-time visualization of blood 
fl ow in this area helps distinguish the normal RPC from 
the aforementioned pathologic conditions. 1,27,28  

 Large venous channels may be visualized within 
the complex, most commonly in posteriorly located 
placentas, where the effects of gravity-induced pressure 
can overdistend the veins. The appearance of large ve-
nous channels may also occur when the beam strikes 
tangentially, as with a fundal or lateral placenta. 29  

 Normal Placental Calcifi cation 
 Placental calcium deposition is a normal physiologic 
process occurring throughout pregnancy. More than 
50% of placentas show some degree of macroscopic 

calcifi cation after 33 weeks. 30  Although the degree of 
normal calcifi cation is variable, it usually increases 
throughout pregnancy, becoming more prominent as 
fi rst the basal area and then the interlobar septa calcify. 
Calcium may also be found in the villous, perivillous, 
and subchorionic spaces. 29,31,32  Intraplacental calcifi ca-
tions are imaged sonographically as strong acoustic 
echoes without signifi cant acoustic  shadowing. 30,32  

 PLACENTAL GRADING 

 A grading system based on the degree of placental cal-
cifi cation (Table 17-2) was at one time thought to be an 
indicator of fetal pulmonary maturity. It is now known 
that multiple factors, including smoking, low maternal 
age, parity, and even season of the year can affect the 
degree of placental calcifi cation, 10  and it is no longer 
considered a marker for lung maturity. 

 More to the point, assessment of placental calcifi cation 
is important in certain serious maternal and fetal condi-
tions. For example, premature placental calcifi cation can 
occur in maternal hypertensive states and in association 

C D
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 Figure 17-15  A:  Anterior grade 0 placenta demonstrating the characteristic smooth, homogeneous texture. The perpendicular angle of 
incidence allows for imaging of the chorionic plate  (arrow) .  B:  This grade I placenta contains scattered calcifi cations with the beginning of 
lobulations developing on the fetal side.  C:  In the grade II placenta lobulations increase with the basal layer  (arrow)  appearing irregular due to 
small calcifi cations.  D:  The grade III placenta demonstrates interlobar and septal calcifi cations. 
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with intrauterine growth retardation/ restriction; other 
conditions such as gestational diabetes or fetal cardiopul-
monary disorders may retard the rate of placental calci-
fi cation. Evaluating placental calcifi cations in relation to 
the age of gestation can give additional important input 
to the entire clinical picture, even though in recent studies 
placental grading has not been found to be the most reli-
able predictor of placental function (Fig. 17-15). 33   

 ABNORMALITIES OF THE PLACENTA 

 Table 17-3 lists the common placental abnormalities 
and their sonographic appearances. 

 Abnormal Shape and Confi guration 
 Bilobed Placenta (Succenturiate Lobe) 

 Although it usually consists of one mass, the placenta 
may be bilobed or have a smaller accessory, succen-
turiate lobe. This is visualized in up to 6% of cases 

A B

C

 Figure 17-16 Succenturiate placentation.  A:  Sonogram demonstrating a 
succenturiate lobe (S) separate from the anterior placenta (P).  B:  The um-
bilical cord inserts normally into the posterior lobe.  C:  Anastomotic ves-
sels  (arrow)  shown with color-fl ow imaging supply the succenturiate lobe. 

Placental Grading Based on Placental 
Calcifi cations10,33,94

1. Placental Grading
Grade 0 No calcifi cations (to about 31 wk)

 I Scattered calcifi cations (31–36 wk)
II  Basal calcifi cations with increase in lobulations

 (36–38 wk)
III  Basal and interlobar septal calcifi cations 

 (38 wk to term)

2. The placenta matures considerably after the 40th week.

3.  Two parts of the placenta may have different grades, in 
which case the highest grade is assigned.

4. Most term pregnancies have grade I or II placentas.

5. Only about 10%–15% of term placentas are grade III.

TABLE 17-2



 17 — The Fetal Environment 405

 Sonographic Characteristics of Placental Abnormalities 16,21,29,30,40,58,60–62,65–67,69,95,96  

Abnormality Description Sonographic Characteristics Differential Diagnosis

Placenta previa Placental tissue obstructing 
internal os. Most common 
cause of bleed in 2nd and 
3rd trimester

Placental tissue seen to cover internal os—
whether completely, partially, or marginally

Uterine contraction, 
fi broid, overdistended 
bladder may falsely 
suggest previa

Abruption Premature separation of all or 
part of the placenta

Elevated portion of placenta or 
extramembranous retroplacental, 
subchorionic, or intraplacental, 
hypoechoic or complex, transonic mass 
of varying echogenicity. May appear 
as normal placenta. May appear as 
thickened placenta

Retroplacental 
thrombosis, normal 
placenta, abnormally 
thick placenta, normal 
intraplacental complex

Placenta accreta Decidual formation defect 
with abnormal placental 
attachment to uterine wall

Normal retroplacental hypoechoic area not 
visualized

Myometrial scar

Hypoechoic lesions

Fibrin 
depositions

Secondary to vascular 
thrombosis and cystic 
degeneration of fi brin

Hypoechoic areas in intervillous spaces 
beneath chorion. Lack of real-time 
evidence of blood fl ow

Venous lakes, hematoma

Hematoma Area of retroplacental or 
intraplacental clot

May be hypoechoic or of varied 
echogenicity depending on age of clot. 
Lack of real-time evidence of blood fl ow

Venous lakes, fi brin 
deposition

Intervillous 
thrombi

Interplacental areas of 
hemorrhage and pooling 
of blood; increase in 
Rh isoimmunization

Hypoechoic areas of varying size 
throughout placenta

Hematoma

Breus’ mole Massive subchorionic 
thrombosis-secondary to 
extreme venous obstruction; 
unrelated to fi brin deposition

Extensive hypoechoic hematoma without 
evidence of venous fl ow

Placental tumor, fi broid, 
hematoma

Infarct Result of obstruction of spiral 
arteries

No confi rmed sonographic appearance, 
but necrotic infarct may appear 
hypoechoic or show placental thinning

Retroplacental 
hematoma, fi brin 
deposition

Placental lake Subchorionic blood-fi lled 
spaces

Subchorionic, anechoic, tubular spaces. 
Flow may be demonstrated

Fibrin depositions

Neoplastic lesions

Chorioangioma Benign tumor resulting from 
vascular malformation, most 
common placental tumor, 
may be multiple, small, or 
single large; associated with 
fetal edema

Usually hypo- or hyperechoic 
well-circumscribed masses, often with 
cystic spaces; placenta may show as 
placental thickening without discrete mass. 
Large mass may extend from fetal surface 
of placenta. Associated with hydramnios; 
may see vascular channels within mass

Fibroid, Breus’ mole

Teratoma Rare, benign to highly 
malignant germ cell tumor

Complex, heterogeneous mass; may have 
calcifi cations

Fibroid

TABLE 17-3

(Fig. 17-16). 29,34  The accessory lobe is connected to the 
main placental mass either by vessels within a mem-
brane or by a bridge of membranes. 34  The main placen-
tal mass tends to be larger than the accessory lobe and 
is most commonly where the umbilical cord  inserts. 29  
Identifi cation of an accessory lobe is clinically relevant 
because of the increased risk of infarction, placenta pre-
via, vasa previa, postpartum, and hemorrhage associ-
ated with retained accessory lobes. 29  Perinatal mortality 

can reach 100% if vasa previa goes undiagnosed, be-
cause hemorrhaging may lead to fetal anemia and/or 
shock. 34  Therefore, sonographic delineation of placental 
tissue in more than one area of the uterus—and, if pos-
sible, the connecting bridge between the two placen-
tal masses, especially if it overlies the cervical os—is a 
valuable contribution to the management of obstetric 
patients. 29,34  Care should be taken not to confuse a fold 
in the placenta with an extra lobe. 
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 Circumvallate Placenta 

 In up to 11% of deliveries, the area of placental 
 implantation extends beyond the limits of the chori-
onic plate. 35  Therefore, a rim forms around this margin 
of placenta that does not have associated chorion. The 
rim consists of fi brinoid tissue with hyaline degenera-
tion of villi. Presence of circumvallate placenta may be 
associated with maternal bleeding, placental  abruption, 
preterm loss, and oligohydramnios and could poten tially 
be involved in amniotic band syndrome.  However, most 
cases tend to be diffi cult to visualize later in pregnancy 
and have no clinical signifi cance. 35,36  Sonographically, 
circumvallate placenta may be seen as irregular subcho-
rionic or subamniotic marginal cystic structures or in-
folding of the placental margin into the uterine  cavity. 36  

 Abnormal Membranes/Amniotic Bands 

 Before fusion at about 16 weeks’ gestation, the am-
niotic and chorionic membranes are separated by the 
extraembryonic coelom. A fl oating membrane seen be-
fore this time is thought to represent the not-yet-fused 
amnion. Floating membranes seen after 16 weeks may 
represent a separation of the fused membranes or sepa-
ration of both membranes from the decidua. This may 
be present without complications or may be associ-
ated with vaginal bleeding of varying degrees. Before 
16 weeks, the amnion itself may rupture and collapse, 
leaving the fetus to develop as an “extra-amniotic preg-
nancy” within the extra-amniotic coelom. 14,37,38  

 Sonographically, a collapsed amnion images as mul-
tiple wavy linear echoes in the dependent portion of 
the uterus. Amniotic bands, on the other hand, are lin-
ear echoes traversing the amniotic cavity; they may not 
visualize at all. The consequences of amniotic bands 
to the fetus vary widely. Although in most cases they 
do not disturb the fetus, fetal entanglement with these 
membranes, referred to as the amniotic band syn-
drome, can result in limb deformities and spine and 
facial abnormalities of varying degrees of severity, and 
may even result in amputation of compromised body 
parts. 39,40  A variant of the amniotic band, the amniotic 
sheet or shelf, is seen as a thicker and broader fl oating 
membrane with only one free edge (Fig. 17-17). This 
is thought to represent a deep fold of the chorion and 
may restrict fetal movement. 41,42  Follow-up sonographic 
evaluations help document any fi xation of fetal parts. 

 Annular Placenta and Placenta Membranacea 
 Annular placenta refers to a ring-shaped placenta that 
attaches circumferentially to the myometrium. Placenta 
membranacea refers to a rare condition in which there 
is no differentiation of chorion frondosum from cho-
rion laeve, and placental villi cover all or most of the 
surface of the gestational membranes. The placenta is 
usually much thinner than normal. 43,44  Both the annular 
placenta and placenta membranacea have been associ-
ated with antepartum and postpartum hemorrhage. A 

placenta membranacea would be diagnosed if placental 
tissue were seen over most of the uterine cavity. 44  

 Abnormal Placental Size 
 Variation in placental size may be indicative of sever-
al important fetal and maternal pathologic conditions 
( Table 17-1). Much research has been conducted to deter-
mine the best sonographic means of assessing placental 
size in relation to gestational age. Although surface area 
and volumetric measurements show this relationship 
best, their determination may be quite time  consuming, 
even with 3D technology. There has been mathemati-
cal volumetric work using 2D sonography, which has 
improved effi ciency in determining weight 45 ; however, 
because it is easier to measure, thickness is used more 
routinely (even though thickness is more variable and 
less accurate than volume, being a function of gestation-
al age, placental location, and transducer angle). 22,46  

 Generally, a normal placenta should be between 2 
and 4 cm in thickness. 21    An abnormally thick placenta 
can be seen in association with maternal gestational 
diabetes (due to villous edema) or in any case of pla-
cental hydrops, which is associated with fetal cardiac 
overload. 21  A thin placenta (less than 2 cm) may be 
seen in pregnancies complicated by essential maternal 
hypertension and pre-eclampsia, and with intrauterine 
growth retardation and placental infarction. 21,47  Abnor-
mal placental thickness, whether it be thin or thick, 
can also be associated with intrauterine infection and 
chromosomal abnormalities. 47  

 Placental Hydrops 
 The abnormal thickness (greater than 5 cm) of a hydrop-
ic placenta is due to fl uid overload, usually  secondary 
to high-output cardiac failure in the fetus. 47  This can oc-
cur in erythroblastosis fetalis, fetomaternal and twin-to-
twin transfusion syndromes, chorioangioma (in which 
fetal blood is shunted through the  placental circula-
tion), and vascular obstruction such as umbilical vein 
 thrombosis. 39,47  Sonography of the hydropic placenta 
shows it to be abnormally thick with a rigid, bulbous 

 Figure 17-17 Image demonstrates infolding margins (arrows) of 
placenta (P) consistent with circumvillate placenta. 
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been an associated increase in previas. 28  Additionally, 
women with increased maternal age and/or multiple 
gestations are also at increased risk. Patients tend to 
present with painless vaginal bleeding requiring sono-
graphic evaluation in the second or third trimester, yet 
many individuals are asymptomatic. 48  Indeed, placenta 
previa is said to be one of the most common causes of 
third-trimester bleeding. 49  It is more common in patients 
with previous lower uterine incisional scars for cesare-
an section or myomectomy. Placenta previa seems to be 
more prevalent in older women and in multiparas. It is 
thought that myometrial scarring leads to the develop-
ment of a poorly vascularized, thinner placenta, which 
occupies a greater uterine surface area, increasing the 
probability of encroachment on the cervical os. 21 

 Although a sonographic diagnosis of placenta previa 
can be made quite easily, the accuracy of the diagnosis 
is dependent upon gestational age and whether there is 
complete or partial previa. The positive predictive value 
is higher the later the detection via sonography. 50  The 

 appearance. The normal placental architecture is lost 
and a “spongy” appearance is seen. 47  

 ABNORMAL PLACENTAL LOCATION 
(PLACENTA PREVIA) 

 Placenta previa is the instance when the placenta par-
tially or completely covers the internal cervical os. Total 
placenta previa occurs when implantation of the pla-
centa completely crosses the internal os. Sonographi-
cally, the body of the placenta covers the os entirely 
(Fig. 17-18). When just the edge of the placenta is seen 
to abut or cover the os, it is described as a marginal 
or partial placenta previa (Fig. 17-19). In these cases, 
implantation does not cross the os. If the edge of the 
placenta is near but not abutting the os, it is classifi ed 
as a low-lying placenta (Fig. 17-20). 21  

Placenta previas tend to be uncommon (less than 
0.5% of full-term gestations), yet because of the in-
crease in caesarean sections being performed, there has 

 Figure 17-18 This curvilinear image demonstrates placental tissue 
attaching to the uterine wall completely covering the os. Arrows indi-
cate the slightly echogenic mucosa of the endocervical canal. 

 Figure 17-19 Curvilinear image of a marginal previa demonstrates 
an anterior placenta (PL) with the edge ending next to the hypo-
echoic cervical os  (arrow) . 

 Figure 17-20 Diagram of three 
types of placentae previa.  A:  In low-
lying placenta, the edge of the pla-
centa is visualized near the os.  B:  In 
marginal or partial previa, placental 
tissue may cover the os but is not at-
tached to the wall at the other side. 
 C:  In complete previa, placental tis-
sue completely covers the internal 
os and is attached to the uterine 
wall on both sides of the os. Marginal Partial Complete

Placenta near
OS

A B C
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the placenta is thin and fl at, covering a greater area of 
the intrauterine surface, or if an accessory lobe is pres-
ent in association with the lower segment. Endovaginal 
or transperineal scanning provides additional, more ac-
curate diagnostic information. 

 When in doubt, it is most important to err on the 
side of caution and assume the presence of placenta 
previa. A false-positive diagnosis early in pregnancy, 
with later reassessment, does not harm the mother or 
fetus, whereas a missed diagnosis is potentially cata-
strophic. The usual causes of missed diagnosis are poor 
technique and poor visualization of a posterior placen-
ta obscured by an overlying fetal head. 

 RETROPLACENTAL HEMORRHAGE: 
PLACENTAL ABRUPTION 

 Placental abruption refers to the premature separation 
of all or part of the placenta from the underlying myo-
metrium. Abruption has been associated with, among 
other things, maternal vascular disease, maternal hyper-
tension, trauma, a short umbilical cord, and increased 
maternal age. 21  Abruption may manifest itself in three 
ways: as external bleeding without signifi cant intrauter-
ine hematoma, as the development of a retroplacental or 
marginal hematoma with or without external bleeding, 
and as formation of a submembranous clot at a distance 
from the placenta, with or without external bleeding. 21  
Clinically, patients may be asymptomatic or may be 
quite ill with acute hemorrhage and shock, presenting 
with a rigid abdomen and severe uterine contractions. 
Perinatal mortality has been found to be up to 60% with 
abruption, and rarely maternal death may occur. 53  It is 
important to recognize that the bleeding associated with 
abruption is usually painful (especially when retropla-
cental in location). Although it is classically described 
as one of the leading causes of third-trimester bleeding, 
it can occur earlier in pregnancy as well. 49,54  

 The sonographic appearance of retroplacental hem-
orrhage is varied, depending on its location, size, and 
age. 16,40  The hematoma is usually hypoechoic or of 
mixed echogenicity, and its echogenicity increases as 
the clot becomes more organized. 16,40 As the hematoma 
matures, it may appear isoechoic with the placenta. In 
such cases, the placenta at fi rst glance may appear to 

reason for this is that in most suspected second-trimes-
ter placenta previa cases, apparent “placental migra-
tion” (caused by late second– and early third–trimester 
differential growth of the lower uterine segment) results 
in a normal implantation at term. 51  

 The clinical course and outcome of placenta previa 
relate to the degree of cervical os encroachment. It is 
important for the sonographer to try to establish the 
degree of previa that is present. A placenta located less 
than 2 cm from the internal os usually requires a ce-
sarean section because of the risk of maternal bleeding 
(Fig. 17-21). 21  

 The knowledge of several technical points and ultra-
sound techniques can help in the diagnosis of placenta 
previa. A focal, symmetric, lower uterine segment con-
traction can be mistaken for placenta previa. 28  Repeat 
scanning after waiting for a half hour should show in 
the case of a contraction that it has subsided. The so-
nographer can vary the degree of bladder distention to 
decrease the rate of false-positive diagnoses. This tech-
nique can also help to determine more accurately the 
type of previa present. In late pregnancy, it may be nec-
essary to scan through a fairly empty bladder, making 
transabdominal visualization of the cervical area dif-
fi cult. As a rule of thumb, if a third-trimester placenta 
is at the uterine fundus, chances of a previa are low, 
because most placentas are unlikely to extend from the 
fundus to the cervix. 52  Exceptions to this may occur if 

 Figure 17-21 A measurement from the lower edge of the placenta 
to the internal cervical os helps determine the presence or absence of 
placenta previa. A measurement of 2 cm or greater rules out previa. 

PATHOLOGY BOX 17-3

Abruptio Placentae

Causes Symptoms

Maternal vascular disease Asymptomatic
Hypertension External bleeding
Trauma Pain
Short umbilical cord Shock
Maternal age Rigid abdomen

 PATHOLOGY BOX 17-2 

 Risk Factors for Placenta Previa 

 Advanced maternal age (AMA) 
 Multiple gestation 
 History of cesarean section 
 Previous myomectomy 
 Multiparity 
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 ABNORMAL PLACENTAL ATTACHMENT 
(PLACENTA ACCRETA, INCRETA, PERCRETA) 

 Some relatively uncommon conditions are the result of 
defective decidua formation causing abnormal attach-
ment of the placenta to the uterine wall. In these cases, 
there is no decidua basalis between the trophoblast and 
the myometrium. 21  As with placenta previa, the pres-
ence of uterine scarring seems to predispose patients to 
the development of this condition. In fact, up to 70% 
of cases occur in association with placenta previa and 
in patients with a history of prior cesarean section. In 
placenta accreta, the chorionic villi are in direct contact 
with the myometrium. Placenta increta and percreta are 
more severe forms. With increta, the villi invade the 
myometrium as far as the serosa; with percreta the villi 
penetrate the uterine wall, and their presence can lead 
to uterine rupture. 21,60,61  

 Sonography may reveal obliteration or focal disrup-
tion of the normal retroplacental hypoechoic complex; 
perhaps with a focal mass-like extension of placental 
tissue into the uterine wall or even the bladder wall 
(Fig. 17-5). 62  Antenatal detection of this condition is 
 diffi cult but extremely important. If it is not  treated 
(usually by hysterectomy), it can lead to maternal 
exsangui nation. 63  Power and color fl ow Doppler have 
been found to be effective in diagnosis. 63  

 ABNORMALITIES OF PLACENTAL 
ECHOGENICITY—HYPOECHOIC PLACENTAL 
LESIONS 

 Subchorionic Lakes 
 Subchorionic lakes are tubular, anechoic lesions found 
beneath the chorionic plate that correspond to blood-
fi lled spaces found at delivery. There is some question 
as to whether these represent normal mature villi or an 

be abnormally thick; however, moving the patient to 
her side helps in differentiation of the placenta from 
the underlying clot. This provides a different angle of 
access to the ultrasound beam and may allow for visu-
alization of the interface between the hematoma and 
the placenta. If the hematoma is near the lower uterine 
segment, transperineal ultrasound may provide more 
diagnostic information (Fig. 17-22). 16,55  

 The diagnosis of retroplacental abruption is usually 
based on clinical symptoms such as painful vaginal 
bleeding, fetal distress, acute abdominal pain, and tense 
and tender uterus. Sonography is diagnostic only if a clot 
or elevation of part of the placenta can be  visualized. 56  

 An interesting example of a secondary fi nding that 
might alert the sonographer to look for evidence of an 
abruption is a case report of an echogenic mass within 
the fetal stomach in a patient with retroplacental hemor-
rhage. 57  Presumably, some intra-amniotic bleeding must 
have occurred from the abruption, which was then in-
gested by the fetus. However, many normal  fetuses may 
have intraluminal debris in their stomach from ingested 
vernix caseosum. It should be emphasized that sonog-
raphy cannot be relied on to exclude the diagnosis if no 
hematoma is seen. 16  Many cases of abruption of the pla-
centa may look normal, especially late in pregnancy. 16,58  
Assessing the fetal heart rate pattern has been found to 
refl ect the severity of the abrup tion, with bradycardia 
and irregularity refl ecting the most severe cases. 59  

 The clinical outcome depends on the size of the ab-
ruption and its location. For example, a paraplacental 
(marginal) clot has much less clinical importance than 
a large retroplacental hematoma associated with pla-
cental separation, which has a far greater likelihood to 
lead to premature delivery or miscarriage. The differen-
tial diagnosis of a retroplacental hemorrhage includes 
normal maternal veins in the retroplacental complex, 
hydatidiform mole, chorioangioma, and leiomyoma. 30,58  

 Figure 17-22 Placental abruption.  A:  There is a hypoechoic, retroplacental hematoma  (long arrow and calipers)  lifting the edge of the  placenta 
 (short arrow).   B:  The hypoechoic hematoma (HE) lifts the edge of the placenta  (arrow)  under the chorionic membrane  (arrowheads).  

A B
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whereas large chorioangiomas may result in the de-
velopment of maternal toxemia, polyhydramnios, pre-
mature labor, IUGR, fetal hydrops, or fetal demise. 21  In 
addition, there may be signifi cant shunting of blood 
through the tumor, which has been documented with 
Doppler. 69  

 Sonographically, small chorioangiomas image as 
hypo- or hyperechoic, well-circumscribed placental 
masses. Often the lesions also contain cystic spac-
es. 69  The single, large chorioangioma, seen less often, 
may appear as a well circumscribed, complex mass 
on the fetal surface of the placenta, adjacent to the 
cord insertion 70  or protruding into the amniotic cavity 
(Fig. 18-19). 69  Color Doppler is effective for demonstrat-
ing vascular channels within the mass, which would 
not be visible within a placental hematoma. 69  

 Teratoma 
 Teratomas of the placenta are very rare and are benign. 
Sonographically, they appear as a complex mass. 71  

 Gestational Trophoblastic Disease 
 Gestational trophoblastic disease (GTD) is a designa-
tion given to several disorders arising from either nor-
mal or abnormal fertilization of an ovum, resulting in 
neoplastic changes in the trophoblastic elements of 
the developing blastocyst. GTD classifi cations include 
 hydatidiform mole, either complete or partial; nonmet-
astatic disease or invasive mole; and metastatic disease 
or choriocarcinoma. 72  GTD is treated extensively in 
Chapters 9 and 13. 

 THE UMBILICAL CORD 
 DEVELOPMENT 

 The umbilical cord originates from fusion of the yolk 
sac stalk and the omphalomesenteric duct at approxi-
mately 7 weeks’ gestation. The urachus, an outpouch-
ing from the urinary bladder, forms the allantois and 
thus the defi nitive umbilical vessels. 

 STRUCTURE AND FUNCTION 

 The umbilical cord normally contains two arteries and 
one vein surrounded by a mucoid connective tissue 
(Wharton’s jelly), all enclosed in a layer of amnion. 9  
The vein brings fresh, oxygenated blood to the fetus 
and the arteries carry deoxygenated blood from the 
fetus to the placenta. The umbilical arteries are lon-
ger than the vein and wind around it. The vessels are 
 longer than the cord itself, resulting in twisting and 
bending of the cord and vessels (see Fig. 17-8). 10  The 
cross-sectional area of the cord has been found to cor-
relate with gestational age, up until it reaches a pla-
teau at 32 weeks. 30  At term, the average length of the 
cord is about 51.5 to 61 cm, with a mean circumfer-
ence of 3.8 cm. 29,73  

early stage of intervillous thrombosis or fi brin deposi-
tion. It has been suggested that increased fl ow in these 
areas is related to decreased fi brin deposition or mater-
nal chronic hypoxia due to high altitudes. 44,64  

 Intervillous Thrombosis 
 Intervillous thrombosis represents an intraplacental 
area of hemorrhage and clot. It is probably the result of 
a tear in the villi causing leakage of fetal red blood cells, 
which in turn stimulate maternal coagulation. 30  These 
areas of thrombosis appear sonographically as anechoic 
or hypoechoic lesions of varying sizes that may contain 
linear echogenicities representing fi brin deposits. They 
are most commonly found midway between the chori-
onic and basal plates of the placenta and are present in 
up to 30% of term pregnancies. 65  

 More extensive, heterogeneous and hypoechoic le-
sions may represent massive subchorionic hematoma or 
thrombosis (Breus’ mole), a rare occurrence secondary 
to venous obstruction. 66  These lesions often  separate the 
chorionic plate from the underlying villous tissue and may 
bulge into the amniotic cavity. The blood in these cases 
is generally of maternal origin and there is an associated 
large placenta. These are usually found in missed abor-
tions, premature deliveries, and neonatal demise and are 
associated with maternal diabetes and hypertension. 29,67  

 Fibrin Deposition 
 Fibrin deposition is an apparently insignifi cant clini-
cal event that is probably the end result of intervillous 
and subchorionic thrombosis, which results from pool-
ing and stasis of maternal blood in the perivillous and 
subchorionic spaces. 30,31  Fibrin deposits have been vari-
ously reported as sonographically hypoechoic lesions 
in the subchorionic area or within the placental mass. 30  

 Placental Infarction 
 It is thought that placental infarcts result from obstruc-
tion of the spiral arterioles and are usually found at the 
periphery of the placenta. 31,68  They may be associated 
with retroplacental hemorrhage and may occur in up 
to 25% of term placentas. 31  Although they usually have 
no clinical signifi cance, they appear to be more com-
mon in association with intrauterine growth retardation 
(IUGR) and mothers with pre-eclampsia. 31  Sonographic 
appearances of placental infarcts are nonspecifi c but 
have been seen as anechoic placental lesions that may 
eventually calcify. 62  

 NONTROPHOBLASTIC PLACENTAL TUMORS 

 Chorioangioma and teratoma represent the two  primary 
nontrophoblastic tumors of the placenta. 

 Chorioangioma 
 A chorioangioma is a benign hypervascular malfor-
mation found in up to 1% of examined placentas. 21,69  
Small chorioangiomas may be nonsymptomatic, 
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 ABSENCE OF UMBILICAL CORD 

 Complete absence of the umbilical cord (agenesis or 
acordia) or presence of a very short cord has been asso-
ciated with the limb-body wall complex, a syndrome of 
severe fetal structural anomalies. 77  Body stalk anomaly, 
a fatal condition, has been linked to maternal  cocaine 
abuse. 78  Sonographically, no cord would be seen, but 
rather an extraembryonic membranous sac in direct ap-
position to the chorionic plate. 47  

 ABNORMALITIES OF CORD INSERTION 

 The umbilical cord usually inserts in the center of the 
placenta; however, it may be marginal or velamentous 
(Fig. 17-9). In the latter case, vessels are found lying 
on the surface of the chorioamniotic membranes. This 
condition is associated with various fetal anomalies, 
a lower birth weight, and more intrapartum compli-
cations, often due to umbilical cord malpresentation, 
such as vasa previa. 79  For this reason, careful exami-
nation of the placental insertion site is important 
(Fig. 17-24). 

 TRUE AND FALSE KNOTS 

 The differences in umbilical vein, umbilical artery, and 
cord stromal length give rise to bending and twisting of 
the umbilical cord. Sometimes this twisting may appear 
as a false knot, which has no clinical signifi cance. It 
can, however, be sonographically confused with a true 
knot of the cord, which occurs when the fetus actually 
passes through a loop of cord. This potentially hazard-
ous situation occurs in up to 3% of deliveries. 80  It is dif-
fi cult to detect sonographically, but has been associated 
with a “cloverleaf” pattern of the cord. 80  Color Doppler 
may aid in the diagnosis. 

 SCANNING TECHNIQUE 

 The umbilical cord visualizes best in the late second 
and early third trimester, when amniotic fl uid volume 
is at its peak. Because of the extreme length of the 
cord, it is diffi cult, on a routine basis, to scan it in its 
entirety to rule out abnormalities. If a lesion is sus-
pected, every effort must be made to view as much of 
the cord as possible. Changing the mother’s position 
from side to side may help shift the position of the fe-
tus in relation to the cord. The placental insertion site 
of the cord, as well as its entry site to the fetus (to rule 
out, for example, omphalocele) should be imaged and 
documented routinely. Document the presence of three 
vessels within the cord. Visualization of the number of 
cord vessels is diffi cult when there is oligohydramnios, 
and it may be troublesome in the third trimester even 
in a normal fetus because of the relative lack of fl uid 
and the presence of potentially obstructing fetal parts. 
Any abnormality in cord appearance, size, position, 
degree of coiling, or attachment sites to placenta or 
fetus should be noted. 30  

 Normal Sonographic Appearance 
 In early pregnancy, the umbilical cord may appear as 
a series of short, linear echoes extending from the 
fetus to the placenta (Fig. 13-15). It tends to be seen 
as the same length as the fetal pole. 74  As pregnan-
cy progresses, transverse images through the cord 
reveal the three circles representing the larger vein 
and two smaller arteries. Longitudinal images at this 
stage reveal a series of parallel linear echoes within 
the amniotic fl uid that may exhibit the characteris-
tic twisted appearance of the cord (Figs. 18-27 and 
18-28). The “stack of coins” appearance refers to vi-
sualization of several portions of cord folded on each 
other (Fig. 17-23). 75  Arterial pulsations may be dem-
onstrated within the umbilical arteries. The insertion 
of the umbilical cord into the placenta should be eas-
ily identifi able sonographically, especially with the 
use of color  Doppler (Fig. 18-28). 76  

 ABNORMALITIES OF THE 
UMBILICAL CORD 
 Table 17-4 lists the common umbilical cord abnormali-
ties and their sonographic appearances. 

 PATHOLOGY BOX 17-4 

 The Umbilical Cord 

 2 arteries/1 vein 
 Covered by Wharton’s jelly 
 Coiled 
 51.5–61 cm/20.3–24 inches long 
 3.8 cm/1.5 inches in circumference 

 Figure 17-23 When several portions of the cord fold on top of one 
another, this “stack of coins” appearance is seen.  (Image courtesy of 
Philips Medical Systems, Bothell, WA)
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  Sonographic Characteristics of Umbilical Abnormalities 77,80,89,90,97–100   

Abnormality Description Sonographic Characteristics
Differential 
Diagnosis

Excessive Wharton’s 
jelly

Diffuse or focal deposits of excess 
Wharton’s jelly; may liquefy and get 
very large

Variably echogenic, soft tissue mass 
with three vessels visible within, 
usually near fetal abdomen, may 
be cystic if liquefi ed

Hernia, tumor, 
hematoma, cysts

Umbilical hernia Small protrusion of abdominal contents 
into umbilical cord seen after 17 wk

Small mass adjacent to abdomen. 
Usually regresses spontaneously

Small omphalocele

Omphalocele Protrusion of abdominal structures (liver, 
bowel) into base of cord-covered 
by peritoneum; high incidence of 
associated congenital abnormalities

Mass adjacent to anterior abdominal 
wall, covered by membrane, into 
apex of which cord appears to insert. 
Sac may be distended by ascites

Gastroschisis, 
hematoma

False knot Folding of vessels that are longer 
than covering membrane, or simple 
dilatation of vessels

Irregular protrusion from cord

True knot Results from excessive fetal movement, 
especially with a long cord, or 
polyhydramnios; may become 
tightened and occlude umbilical 
vessels; associated increased 
incidence of congenital anomalies

Irregular protrusion from cord May see cloverleaf 
pattern of cord

Stricture Localized narrowing of cord, 
disappearance of Wharton’s jelly, 
torsion of cord or thickening of vessel 
walls with narrowing of lumen

Narrowing of cord close to fetus with 
edematous area distal

Umbilical vein 
thrombosis

Occlusion of umbilical vein secondary 
to localized increase of resistance 
in umbilical circulation; associated 
with maternal diabetes, arthritis, 
nonimmune hydrops

Increased echogenicity of umbilical 
vessels or echoic material within 
lumen

Artifact

Cystic masses

Allantoic cyst 
(developmental 
urachal cyst)

Fluid-fi lled remnant of allantoid duct 
associated with patent urachus and 
lower tract obstructions

Usually small, mild focal dilatation of 
cord

Omphalomesenteric 
cyst

Omphalomesenteric 
cyst

Vestigal patency and dilatation of duct 
seen after 16 wk

Cystic dilatation up to 6 centimeters, 
usually located close to fetus

Hematoma, 
liquefi ed 
Wharton’s jelly

Solid masses

Hemangioma Benign tumor of vessels or Wharton’s 
jelly—if large can cause vascular 
obstruction; may be associated 
with increased amniotic fl uid and 
�-fetoprotein and nonimmune 
hydrops99

Varied appearance; hyperechoic mass 
with smooth, lobulated contours, 
up to 15 cm; may have small, 
ovoid lucencies or numerous, 
small, highly echoic refl ectors. 
Surrounding cord may appear 
edematous; usually located near 
placental margin

Hematoma, 
teratoma

Complex masses

Hematoma Rare; result of extravasation of blood 
into Wharton’s jelly from rupture 
of umbilical vein; may be due to 
congenital weakness of vessel 
wall, or iatrogenic; associated with 
perinatal loss

May be septated, hyperechoic, or 
hypoechoic depending on age of 
clot, may be more irregular than 
other cystic lesions. May appear as 
enlargement of cord with constriction 
of vessels. Has been reported as 
large, hypoechoic, septated mass 
adjacent to fetal abdomen

Tumors, cysts

Teratoma Rare germ cell tumor Disorganized, heterogeneous mass, 
up to 9 cm in diameter, may have 
calcifi cations, found at any point 
along the cord

Hemangioma, 
hematoma

TABLE 17-4



 17 — The Fetal Environment 413

presenting fetal part and the lower pole of intact mem-
branes. Frank or overt prolapse refers to cord protrusion 
into the cervix, usually through ruptured membranes. 84  
Vasa previa, although rare, can be responsible for severe 
fetal complications during delivery. 63  In some instances, 
prolapse or vasa previa may be due to velamentous in-
sertion of the cord into membranes that do not overlie 

 ABNORMAL CORD POSITION 

 Nuchal Cord 
 In up to 36% of all deliveries, the umbilical cord 
is looped around the neck of the fetus one or more 
times. 81,82  Multiple looping has been associated with in-
creased incidence of complications, such as shoulder 
dystocia, decreased fetal breathing, movement, and 
birth weight. 82  These complications are usually the re-
sult of cord compression. Meconium-stained amniotic 
fl uid has also been associated with nuchal cord, usu-
ally when coincident with oligohydramnios. 81  In most 
cases, however, the cord is loosely looped around the 
fetal neck and is clinically insignifi cant. Routine imag-
ing allows for identifi cation of the presence of a nuchal 
cord (Fig. 17-25). Color  Doppler is more sensitive in 
detecting nuchal cord than gray-scale imaging. 82  This 
diagnosis should be considered whenever the umbilical 
cord is imaged around or near the fetal neck. 

 Cord Prolapse and Vasa Previa 
 There are several forms of umbilical cord prolapse. 
 Occult prolapse refers to loops of cord adjacent to the 
fetal presenting part. 83  Vasa previa refers to a situation in 
which a segment of umbilical cord is located between the 

A B

C

 Figure 17-24 Sonographic appearance of cord insertion into 
 placenta.  A:  Curvilinear image of a centrally inserted  umbilical 
cord.  B:  Color Doppler image of a three-vessel cord insertion. 
 C:  Marginal (battledore) insertion into placenta. (Images A and C cour-
tesy of Philips Medical Systems, Bothell, WA. Image B courtesy of GE 
Healthcare, Wauwatosa, WI.) 

 Figure 17-25 Transverse, color Doppler image of cord wrapped 
around the fetal neck (nuchal cord).  (Image courtesy of Philips Medi-
cal Systems, Bothell, WA) 
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 Cyst discovery begins the use of serial examinations 
to verify normal fetal growth and to note any change 
in the size of the cyst, because an expanding cyst (or 
any mass on the cord) may compress blood vessels. 
 Doppler evaluation may be helpful in such cases. 

 Umbilical cord hematomas are rare and have been 
found to be associated with predisposing factors such 
as cord torsion, short cords, infection, and cysts. There 
is increased risk of perinatal death. 88  Hematomas ap-
pear echogenic when acute but may also appear hy-
poechoic or even cystic later on. Differentiation from 
other cystic masses may be diffi cult, but hematomas 
are often irregular, septated, and more complex than 
other cystic lesions. They may also appear as an edem-
atous portion of the cord. 

 Solid Masses 
 Solid masses of the umbilical cord include hemangio-
mas, angiomyxomas, dermoids, and teratomas. 77  So-
nographic diagnosis of hemangioma is through the 
 visualization of a hyperechoic mass, usually present at 
the distal end of the cord near the placenta. 77  When any 
mass on the cord visualizes, careful examination of the 
anterior abdominal wall of the fetus helps identify asso-
ciated abnormalities of abdominal wall formation. The 
sonographer should also examine the mass for the pres-
ence of vessels within. With any mass of the cord, me-
chanical compression and impairment of circulation is a 
possible consequence, especially if the mass arises from 
the vascular tissue itself. 77  The presence of calcifi cations 
in a disorganized, heterogeneous mass anywhere along 
the length of the cord is suggestive of a teratoma. 77  

 UMBILICAL VEIN AND ARTERIAL 
THROMBOSIS 

 Umbilical vein thrombosis and occlusion is a serious 
condition found in stillbirths and has been associated 
with increased perinatal mortality. This condition is 

placental tissue and that may cross the cervical os before 
joining the placenta. Prolapse may also be due to abnor-
mal vessels extending from the placental surface. 63  

 Sonographic detection of prolapse is clinically im-
portant because it may lead to cord compression and 
fetal vascular compromise, a potentially fatal situa-
tion. It can also place these vessels at risk for rupture. 79  
Visual ization of loops of cord between the presenting 
part and the cervix or within the cervical canal greatly 
improves with use of the endovaginal transducer and 
color fl ow Doppler. 79  If there is associated velamentous 
insertion of the umbilical cord or a low-lying placenta, 
it should be documented. 79  Predisposing factors to the 
development of umbilical cord prolapse include fetal 
malpresentation, polyhydramnios, premature rupture 
of membranes, excessive cord length, multiparity, and 
cephalopelvic disproportion. 85  

 SINGLE UMBILICAL ARTERY 

 A two-vessel cord representing an umbilical vein and a 
single umbilical artery (SUA) is seen in 0.2% to 1.1% of 
all pregnancies and is thought to be due to either primary 
agenesis of one of the embryonic umbilical arteries or 
atrophy of a previously normal umbilical artery. 86  A small 
percentage of fetuses with SUA have associated IUGR, 
or anomalies of the central nervous, cardiovascular, and 
genitourinary systems. There have also been associations 
with trisomy 13 and 18. 86  On sonographic investigation 
(which is better made closest to the fetal end of the cord, 
as the arteries can fuse by the placental insertion site), 86  
only two vessels are viewed transversely (Fig. 18-28). Of-
ten, the SUA measures more than 4 mm in diameter. 86  

 UMBILICAL CORD SIZE 

 Thinning of the Umbilical Cord 
 Segmental thinning of the cord is an infrequent fi nd-
ing. It is usually caused by absence of a portion of the 
muscle in the wall of the artery or vein. The placen-
tas in these cases may contain similar vascular  lesions. 
Marked segmental thinning may be associated with in-
creased congenital anomalies and perinatal  distress. 31  

 Enlargement of the Umbilical Cord 
 Enlargement of the cord is very rare. It may be a normal 
variant due to an abnormality of the vitelline duct, or it 
can be due to focal tumors, cysts, vascular anomalies, 
or diffuse edema (Fig. 17-26). 77  

 UMBILICAL CORD MASSES 

 Cystic Masses 
 Cystic masses of the cord are categorized as true cysts 
(usually related to the vestigial patency of an embryonic 
structure, or a vascular abnormality) and pseudocysts 
(localized edema or an area of degenerated Wharton’s 
jelly) (Fig. 17-27). 87  

 Figure 17-26 Diffuse edema of the umbilical cord. (Image courtesy 
of Philips Medical Systems, Bothell, WA.) 
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a consistent temperature for the fetus, and is vital for 
fetal lung development. 47  

 Amniotic fl uid is normally anechoic (Fig. 17-28) in 
the fi rst and second trimesters. In the third trimester, it 
is normal to see fl oating echogenic particles within the 
amniotic fl uid, representing vernix, which is the re-
sult of sloughing of fetal skin. 91  If the vernix becomes 
highly concentrated, the amniotic fl uid may become 
diffusely echogenic. Pathologic conditions, such as 
acute bleeding into the amniotic cavity or meconium 
staining, may also cause the amniotic fl uid to appear 
echogenic. In the third trimester, it is impossible to 
differentiate these pathologic states sonographically 
from normally echogenic, vernix-fi lled amniotic fl uid 
(Fig. 17-29). 91  

related to maternal diabetes, severe infection, smoking, 
and coagulation abnormalities, in addition to anatomic 
abnormalities such as cord torsion and knotting. Al-
though not as common as that in the veins, thrombosis 
may also occur in the umbilical arteries, with associat-
ed aneurysmal dilatation. 89  Fetal mortality is even more 
likely with umbilical artery thrombosis than with ve-
nous thrombosis. 90  Sonographically, the thrombus may 
present as increased echogenicity and distention of the 
umbilical vessels. 90  

 AMNIOTIC FLUID 
 Maintenance of a normal amniotic fl uid volume is es-
sential to the development of a fetus, as it allows for 
free fetal movement, protects against injury, maintains 

 Figure 17-27  A:  The umbilical cord cyst  (arrow)  images as an anechoic area within the cord of this 9-week gestation.  Y,  yolk sac.  B:  Large cord 
cyst. (Images courtesy of Philips Medical Systems, Bothell, WA.) 

A B

 Figure 17-28 Placenta. Sonogram of a second trimester anterior 
placenta with characteristic homogeneous echopattern. The amni-
otic fl uid in the cavity is anechoic.  (Image courtesy of Philips Medical 
Systems, Bothell, WA)

 Figure 17-29 Echogenic amniotic fl uid surrounds the anechoic 
 umbilical cord. 
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 Figure 17-30 Amniotic sheet.  A:  Sonogram demonstrating a membrane crossing a portion of the amniotic cavity.  B:  The edge of the mem-
brane at the uterine wall is broad-based ( arrows ). 

A B

amniotic fl uid early in pregnancy, and throughout the 
gestation, the fetal membranes and umbilical cord 
are involved in fl uid and electrolyte exchange. 47  After 
16 weeks’ gestation, most of the fl uid production is 
through excretion of fetal urine. Fetal swallowing allows 
absorption of amniotic fl uid through the gastrointesti-
nal tract. 14  Abnormalities of either the genitourinary 
tract or the gastrointestinal tract, or of fetal swallowing 
can affect the amniotic fl uid volume. Obstruction of 
the esophagus, duodenum, or proximal small bowel, 
or impairment of swallowing due to a central nervous 
system lesion or a thoracic mass, lead to polyhydram-
nios. Diminished or absent urine output, which can 
result from bilateral renal agenesis, abnormal kidneys 
(e.g., autosomal recessive polycystic kidney disease), 
or urinary tract obstruction, leads to oligohydramnios 
(Fig. 17-32). 92,93  Other fetal factors that can alter the 
amniotic fl uid volume include intrauterine growth re-
tardation, which is associated with oligohydramnios, 
and fetal hydrops, which is often associated with poly-
hydramnios. 93  

 The single deepest pocket method for assessing am-
niotic fl uid volume can be used to diagnose polyhy-
dramnios when the pocket is greater than 8 cm and 
oligohydramnios when the pocket is less than 2 cm. 10  

 Polyhydramnios is idiopathic in the majority of cases 
and results from fetal structural anomalies in a much 
smaller number. Maternal factors account for a small 
percentage of cases as well, the most common factor 
being maternal diabetes. 

 Oligohydramnios is rarely unexplained. The most 
common cause is premature rupture of membranes. 
Intrauterine growth retardation and fetal genitourinary 
anomalies account for most cases of oligohydramnios 
with intact membranes. 93  

 Occasionally, a membranous structure images fl oat-
ing in the amniotic cavity or extending across the 
cavity (Fig. 17-30). Membranes occur either with the 
amniotic band syndrome or because of a uterine syn-
echia, a fi brous band, or scar in the uterine cavity. In 
the former, the membranes adhere to the fetus and 
cause fetal malformations, often severe. In the latter, 
more common situation, intact amnion and chorion 
are refl ected over a synechia, producing a membrane 
that traverses part of the amniotic cavity. Sonographic 
characterization of the uterine synechia is through vi-
sualization of a band with a broad-based origin at the 
uterine wall and focal thickening of the membrane at 
its free edge, and by the fact that it does not adhere to 
the fetus. 40  

Altered amounts of amniotic fl uid may be an indica-
tor of abnormal fetal or maternal conditions. It is there-
fore important to include assessment of fl uid volume as 
part of every sonographic examination.  Experienced so-
nographers and sonologists fi nd that subjective determi-
nation of the fl uid volume is the best and most  accurate 
method. This requires careful sonographic evaluation, 
comparing the observed amount of fl uid with that ex-
pected at the current gestational age. The best approach 
for quantifying amniotic fl uid levels is through mea-
surement of fl uid pockets. The vertical depth of the best 
pocket of fl uid is measured and correlated with gesta-
tional age, or the amniotic fl uid index is calculated as 
the sum of the deepest pocket measurements from the 
four quadrants of the uterus (Fig. 17-31). 10  

 The volume of amniotic fl uid increases to its maxi-
mum at 36 to 38 weeks, then decreases until deliv-
ery. The amniotic fl uid volume surrounding the fetus 
is maintained by a balance of several fetal and ma-
ternal factors. The epithelium of the amnion produces 
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 Figure 17-31 Moderate polyhydraminos: subjective assessment and 
amniotic fl uid index.  A:  The amniotic fl uid volume appears subjec-
tively elevated in this 31-week gestation, in which the fetus had a neck 
mass obstructing swallowing. Deepest pocket measurement in the 
right upper quadrant (RUQ).  B:  left upper quadrant (LUQ)  (C) , right 
lower quadrant (RLQ)  (D) , and left lower quadrant (LLQ)  (E)  yield an 
amniotic fl uid index of 37.5 (9.4  �  10.0  �  9.6  �  8.5) .
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 Figure 17-32 Oligohydraminos in the latter half of pregnancy. 
 A:  The amniotic fl uid volume appears subjectively low in this 32-
week gestation. Deepest pocket measurements in the RUQ  (B) , 
LUQ  (C) , RLQ  (D) , and LLQ (E) yield an amniotic fl uid index of 4.2 
(1.2  �  3.0  �  0  �  0). 
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 • In the case of an incompetent cervix, a cerclage pre-
vents opening of the cervix. 

 • Nutrient exchange between the fetus and mother 
 occurs within the villi in the placenta. 

 • The hypoechoic retroplacental complex has a vascu-
lar appearance with imaging on 2D and color Doppler 
ensuring the normal placental/uterine adherence. 

 SUMMARY 
 • Bladder fullness infl uences the detection of placenta 

previa, cervical length, and competence. 

 • When imaging the placenta, cord, or cervix, use an 
angle of incidence as close to 90 degrees as possible 
to ensure optimal image detail and measurements. 

 • Cervical length in the second semester of greater 
than 2.5 cm/1 inch rules out cervical incompetence. 

  1. Examine the placental images and determine 
placental grade, location, and appropriateness of 
measurements. Explain your reasoning.  
  ANSWER : (A) This left lateral, grade II placenta has 
an incorrect measurement technique. Though the 
best measurements occur with the angle of incidence 
perpendicular, this is not always possible. In this 
case, the measurement needs to be perpendicular to 
the placenta at the thickest point, not perpendicular 
to the beam. (B) This measurement includes the 

Critical Thinking Questions

retroplacental complex and is nonperpendicular to 
the posterior, grade I placenta. Both of these errors 
would result in a thicker placental measurement. 
(C) This correctly measured right lateral, grade I 
placenta excludes the retroplacental complex and 
is done perpendicular to the main placental tissue. 
(D) This anterior grade II placenta images easily in 
a perpendicular plane. The measurement would also 
follow this same path; however, this image demon-
strates an oblique measurement. 

A

C

B

D
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 • The placenta may locate anywhere within the uterus; 
however, a low implantation (previa) raises concern 
for bleeding and delivery before the fetus. 

 • Thinning of the myometrium inferior to the placenta 
raises suspicion of placenta accreta, increta, or percreta 

 • A placenta greater than 2 cm from the internal cervi-
cal os rules out previa. 

 • Familiarity with the sonographic appearance of con-
tractions, fi broids, and subchorionic hematomas pre-
vents confusion with other extraplacental variations 
or pathology. 

 • Amniotic bands are fetal in origin, with connections in 
several locations may trap and amputate fetal anatomy. 

 • Amniotic sheets, shelf, or synechia are maternal in 
origin, connecting on only one edge. 

 • A centrally located cord insertion into the placenta is 
considered normal. 

 • Color fl ow Doppler aids in identifying the cord inser-
tion, vessel number, fetal pelvic insertion, and the 
presence of a nuchal cord. 

 • Marginal cord insertions are either a battledore pla-
centa or velamentous insertion. 

 • Visualization of a two-vessel cord leads the sonographer 
to search for trisomy 13 and 18 sonographic markers. 

 • Anechoic amniotic fl uid aids in fetal development with 
abnormal amounts due to fetal or maternal conditions. 

 • A single pocket depth measurement of greater than 
8 cm is diagnostic for polyhydramnios; one less than 
2 cm is diagnostic for oligohydramnios. 
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 423GLOSSARY

Aneurysm Focal dilatation of an artery

Bilobed placenta Placenta where the lobes are nearly 
equal in size and the cord inserts into the chorionic 
bridge of tissue that connects the two lobes

Body stalk anomaly Fatal condition associated with 
multiple congenital anomalies and absence of the um-
bilical cord

Breus’ mole Very rare condition where there is massive 
subchorionic thrombosis of the placenta secondary to 
extreme venous obstruction

Extrachorial placenta Attachment of the placental 
membranes to the fetal surface of the placenta rather 
than to the underlying villous placental margin

False knot Bending, twisting, and bulging of the umbil-
ical cord vessels mimicking a knot in the umbilical cord

Gastroschisis Periumbilical abdominal wall defect, 
typically to the right of normal cord insertion, that al-
lows for free-fl oating bowel in the amniotic fl uid

Limb–body wall complex Condition characterized by 
multiple complex fetal anomalies and a short umbilical 
cord

Marginal insertion (a.k.a. battledore placenta) 
Occurs when the umbilical cord inserts at the placental 
margin instead of centrally

Mickey Mouse sign Term used to describe the 
cross-section of the three-vessel umbilical cord or the 
portal triad (portal vein, hepatic artery, common bile 
duct)

Omphalocele Central anterior abdominal wall defect 
of the umbilicus where abdominal organs are contained 
by a covering membrane consisting of peritoneum, 
Wharton’s jelly, and amnion

Placentomegaly Term that refers to a thickened 
 placenta

Synechia (Asherman’s syndrome) Linear, extra amni-
otic tissue that projects into the amniotic cavity with no 
restriction of fetal movement

Thrombosis Intraplacental area of hemorrhage 
and clot

True knot Result of the fetus actually passing through 
a loop or loops of umbilical cord creating one or more 
knots in the cord

KEY TERMS

succenturiate lobe | circummarginate placenta | circumvallate placenta | placenta 
previa | placental abruption | placenta accreta spectrum | chorioangioma | amniotic 
band syndrome | uterine synechiae | marginal insertion | battledore placenta | 
velamentous insertion | true knot | false knot | nuchal cord | cord prolapse | vasa 
previa | single umbilical artery | cord entanglement | umbilical cord hemangioma | 
umbilical cord coiling | umbilical coiling index

OBJECTIVES

Recognize the sonographic appearance of placental and umbilical cord anomalies

Discuss developmental variations in placental size, shape, and confi guration

Identify placenta previa classifi cations

Explain placental abruption and the associated risk factors

List placenta accreta classifi cations and known risk factors

Name the various abnormalities of umbilical cord insertion into the placenta

Describe cystic and solid masses of the umbilical cord

 18  Abnormalities of the Placenta and 
Umbilical Cord
Lisa M. Allen
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Umbilical hernia Failure of the normal physiologic gut 
herniation to regress into the abdomen, resulting in a 
small amount of bowel protruding into the base of the 
umbilical cord

Venous lakes Tubular, anechoic structures found be-
neath the chorionic plate that correspond to blood-fi lled 
spaces found at delivery

Umbilical coiling index (UCI) Method of assess-
ing the degree of umbilical cord coiling, defi ned as 
the number of complete coils per centimeter length 
of cord

Umbilical cord Vascular structure connecting the fetus 
and placenta that normally contains two arteries and 
one vein surrounded by Wharton’s jelly

This chapter is dedicated to the prenatal identifi cation 
and classifi cation of abnormalities of the placenta and 
umbilical cord. In the past few decades, there have 
been signifi cant technological advances in the fi eld of 
prenatal ultrasound. There is substantial clinical poten-
tial to evaluate the fetus and its surroundings in un-
surpassed sonographic detail. Historically, the fetus has 
been the main focus of the obstetrical ultrasound exam, 
with minimal attention paid to the placenta and umbili-
cal cord. These structures are often overlooked in the 
routine evaluation of a normal gestation. With the tech-
nologies currently available, in addition to the ability 
to evaluate the anatomic structure of the fetus, we can 
interrogate and gain valuable information concerning 
the environment that supports the developing fetus.

Although uncommon, abnormalities of the placenta 
and umbilical cord are important to recognize prenatally 
because of the potential for maternal and fetal morbid-
ity and mortality.1 Imaging techniques such as spectral, 
color, and power Doppler imaging aid in the analysis 
of blood fl ow physiology. Three-dimensional (3D) and 
four-dimensional (4D) sonography can be utilized to 
further complement standard two-dimensional (2D) 
gray-scale imaging, as it permits scanning in several 
planes with more precise depiction of internal vascula-
ture as well as increased volume assessment accuracy. 
These applications continue to expand our knowledge 
and understanding of the structure and function of the 

placenta and umbilical cord and allow for the detection 
and evaluation of associated abnormalities in pregnan-
cy. In the future, the use of ultrasound contrast agents 
may bring further understanding to the placental im-
plantation process and pathophysiology.2

ABNORMALITIES OF THE PLACENTA

ABNORMAL PLACENTAL SIZE

The placenta is named for its appearance (Greek 
plakuos, meaning “fl at cake”) and is responsible for 
the nutritive, respiratory, and excretory functions of the 
fetus.1 The normal human placenta typically  increases 
in thickness and volume with advancing gestation 
(Fig. 18-1). The overall appearance changes with fetal 
maturity, and visible progressive deposition of calcifi -
cations can be observed sonographically (Fig. 18-2). 
Signifi cant placental calcifi cations are rarely seen on ul-
trasound prior to 37 weeks’ gestation, and early matu-
ration of the placenta has been reported to increase the 
risk of adverse fetal outcomes.2

Placental size is expressed in terms of thickness 
in the midportion of the organ and should be ap-
proximately between 2 and 4 cm.1 Placental thin-
ning has been described in maternal hypertension, 
preeclampsia, placental infarctions, and intrauterine 
growth restriction (IUGR). In addition, thin placentas 
are characteristic in annular placentas and placenta 

Figure 18-1 Power Doppler angiography of a anterior placenta 
demonstrating normal placental vascular pattern.

Figure 18-2 Sagittal ultrasound image of a mature anterior placenta 
with intraparenchymal calcifi cation.



 18 — Abnormalities of the Placenta and Umbilical Cord 425

membranacea. Thicker placentas of greater than 4 cm 
may be nonspecifi c and are usually associated with 
a normal outcome. However, there are several con-
ditions that are associated with increased placental 
thickness, decreased placental thickness, and ear-
ly or delayed placental maturation (Table 18-1). In 
placental hydrops, the abnormal thickness is due 
to fl uid overload, usually secondary to high-output 
cardiac failure in the fetus. This can occur in condi-
tions such as fetal hydrops (immune or nonimmune), 
antepartum infections  (particularly syphilis and cy-
tomegalovirus), maternal diabetes, maternal anemia, 
 fetomaternal and twin-to-twin transfusion syndromes, 
chorioangioma, sacrococcygeal teratomas, and vascu-
lar obstruction such as umbilical vein thrombosis. A 
hydropic placenta assumes a more bulbous appear-
ance and the normal placental  architecture is lost 
to a “ground-glass” appearance. Placentomegaly is 
also a feature of gestational trophoblastic disease, 
Beckwith-Wiedemann syndrome, confi ned placental 
mosaicism, and mesenchymal  dysplasia. Placental 
thickening can be simulated by myometrial contrac-
tions, underlying uterine fi broids, or various forms of 
abruption (Fig. 18-3).1

In some cases of IUGR, the placenta may sonograph-
ically appear thickened, with patchy areas of hypoecho-
genicity and abnormal texture. It may appear to “wob-
ble” in an abnormal fashion, which is termed “jellylike 

placenta.” This may be associated with massive perivil-
lous fi brin deposition and intervillous or subchorionic 
thrombosis in some cases.3

VARIATIONS IN PLACENTAL SHAPE AND 
CONFIGURATION

Although the placenta usually consists of one pla-
cental mass, occasionally, it may be bilobed or have 
one or more accessory lobes. Abnormalities of placen-
tal shape are most often secondary to the disappear-
ance of villi. The placenta normally develops where 
the chorionic villi interfacing the decidua basalis grow 
and the remaining villi undergo atrophy. The selective 
loss of parts of the placenta and growth of other parts 
is referred to as trophoblastic trophotropism and helps 
explain placental conditions such as velamentous in-
sertion and placental migration. This phenomenon is 
presumed to occur because the placenta preferentially 
grows where there is suffi cient decidua and vascular 
supply and atrophies where conditions are less favor-
able. Ultrasound detection of these placental anoma-
lies affects clinical management and obstetric outcome 
(Fig. 18-4).4

A succenturiate lobe is the presence of one or more 
small accessory lobes that develop in the membranes 
at a distance from the periphery of the main placen-
ta.5 This occurs in 0.14% to 3.0% of cases, and the 

TABLE 18-1

Maternal and Fetal Conditions Associated with Abnormalities of Placental Thickness and Maturation

Increased Placental Decreased Placental Early Placental Delayed 
Thickness (�5 cm) Thickness (�1.5 cm) Maturation  Placental Maturation

 1. Maternal diabetes
 2. Rh disease
 3. Congenital infections
 4. Abruption
 5. Placental tumors
 6. Multiple gestation
 7. Chromosomal 

abnormality/triploidy
 8. Gestational 

trophoblastic disease
 9. Mesenchymal 

dysplasia
10. Placental insuffi ciency
11. Maternal or fetal 

anemia
12. Fetal hydrops of any 

etiology
13. Congenital neoplasms
14. Beckwith-Wiedemann 

syndrome
15. Confi ned placental 

mosaicism

 1. Maternal hypertension/ 
preeclampsia

 2. Intrauterine growth 
restriction

 3. Juvenile diabetes
 4. Placental abnormality 

(annular placenta 
and placenta 
membranacea)

 1. Intrauterine Growth 
Restriction

 2. Hypertension

 1. Gestational 
Diabetes

 2. Rh disease
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Figure 18-3 A: Ultrasound image of an anterior placenta demonstrating placentomegaly. The electronic calipers denote a maximum thickness 
exceeding 8 cm. B: Ultrasound image of an enlarged, thickened anterior placenta associated with nonimmune fetal hydrops.

A B

Figure 18-4 Abnormalities of umbilical cord or membrane insertion into the placenta. A: Circummarginate placenta. Flat transition of the 
membranes inserting at some distance in from the placental margin. B: Circumvallate placenta. Rolled peripheral edge of the membranes as 
they insert at some distance in from the placental edge. C: Marginal insertion. The umbilical cord inserts at the placental margin, also known 
as a battledore placenta. D: Velamentous cord insertion. The umbilical cord inserts into the membranes at some distance from the placental 
mass, and the umbilical vessels course through the membranes to the placental disk. E: Succenturiate placentation. There is the presence of 
an accessory lobe of the placenta at a distance from the main placental disk and umbilical vessels course through the membranes connecting 
the two placental masses.
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accessory lobe is connected to the main placental mass 
by vessels within the membranes. A succenturiate lobe 
is distinguished from a bilobate placenta, which shows 
communication of placental tissue between the lobes 
and central cord insertion into the chorionic bridge of 
tissue. There is an increased frequency of succenturiate 
lobes in women of advanced maternal age (35 years 
and older) and a history of infertility with in vitro fer-
tilization. A succenturiate lobe can be detected sono-
graphically, and the prenatal recognition is clinically 
important, because retained accessory lobes can be 
associated with postpartum hemorrhage and infection 
(Fig. 18-5). There is also a risk of massive intrapartum 
fetal bleeding secondary to rupture of connecting ves-
sels between the lobes. Most importantly, succenturi-
ate lobes are associated with an increased incidence of 
velamentous insertion of the umbilical cord and vasa 
previa, conditions that have signifi cant maternal and 
fetal complications.4

An annular placenta refers to a ring-shaped placenta 
that attaches circumferentially to the myometrium and 
can be associated with antenatal or postpartum hem-
orrhage most likely due to poor separation.4 Placenta 
membranacea (PM) is an exceedingly rare anomaly 
with an incidence of 1:20,000 to 1:40,000 pregnancies. 
In this condition, there is no differentiation of the prim-
itive trophoblastic shell into chorion frondosum and 
chorion laeve at 8 to 10 weeks. With PM, functioning 
placental villi are retained beneath the membranes and 
may cover all (diffuse PM) or part (partial PM) of the 
gestational sac, and the placenta develops as an abnor-
mally thin membranous  structure. Histologically, the 
amniotic and chorionic membranes are absent, which 
are then replaced by placental villi. Frequently, how-
ever, completely formed villi are not seen, but rather 
a trophoblastic layer invading the membranes. These 

pregnancies are complicated by antepartum and post-
partum hemorrhage in 50% to 83% of cases and by 
abnormal placental adherence in approximately 30% 
of cases. Fetal outcome with PM ranges from preterm 
birth to stillbirth to neonatal death and usually occurs 
because of vaginal bleeding. Live births occur in more 
than 50% of cases.6,7 Both annular placenta and PM are 
associated with placenta previa.

Placenta extrachorialis, a term that includes both 
placenta circummarginate and placenta circumvallate, 
is defi ned as the placenta extending beyond the limits 
of the chorionic plate with attachment of the placental 
membranes to the fetal surface of the placenta, inward 
from the edge, rather than to the underlying villous 
placenta margin (Fig. 18-6). The placenta is termed 
 circummarginate if the fetal membrane insertion is fl at 
and may be found in up to 20% of placentas. More 
often, the transition where the fetal membranes of the 
chorionic plate terminate has a raised or rolled edge, 
termed  circumvallate. Circumvallate placenta, which is 
characterized by thickened rolled chorioamniotic mem-
branes peripherally, occurs in 1% to 7% of deliveries 
(Fig.  18-7). In general, circummarginate and partial cir-
cumvallate placentas are of no clinical signifi cance.8,9 
However, complete circumvallation of the placenta 
may be associated with an increased risk of maternal 
bleeding, placental abruption, premature labor and de-
livery, IUGR, perinatal death, and fetal anomalies.10,11 
Although diffi cult to diagnose prenatally, circumvallate 
placenta may be seen as irregular subchorionic margin-
al cystic structures or infolding of the placental margin 
with thick, curled peripheral edge. The classic ultra-
sound feature of a rolled-up placental edge can appear 
on some views as a linear structure protruding into the 
 fl uid-fi lled amniotic cavity and thus can be misinter-
preted as a uterine synechia (Fig. 18-8).8 Some authors 

Figure 18-5 Variations in placental shape. A: Ultrasound image demonstrating two placental masses (arrows) consistent with a succenturiate 
lobe of the placenta. B: Ultrasound image showing two masses of placental tissue connected by a bridge of chorionic tissue (arrow) consistent 
with bilobate placenta.

A B
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ABNORMAL PLACENTAL LOCATION

Placenta previa refers to the implantation of the pla-
centa in the lower part of the uterus, thus delivering 
before the fetus.13 There are several classifi cations de-
scribed in the literature including no previa, low-lying 
placenta, marginal previa, partial previa, complete pre-
via, and complete central previa (Fig. 18-9).14 There is 
some  confusion in the literature regarding the correct 
terminology. A low-lying placenta occurs when the 
inferior margin of the placenta is within 2 cm of the 
internal cervical os and is present in around 25% of 
pregnancies at 20 weeks, but placenta previa at term 
only affects 1% because of the expansion of the lower 
uterine segment with advancing gestation.3 Endovagi-
nal sonography is the method of choice to establish 
the relationship between the inferior placental margin 
and the internal cervical os. This is due to several rea-
sons, including the empty maternal bladder does not 
compress the lower uterine segment, and the close 
proximity of the transducer to evaluated structures. In 
addition, the higher frequency endovaginal transducer 
improves image resolution of the internal cervical os 
and placental edge, especially in the case of a low fe-
tal head and posterior placenta. (Fig.  18-10). Magnetic 
resonance imaging (MRI) may be used when clinically 
indicated to clarify placental position and evaluate for 
placental invasion (Fig.  18-11). Placenta previa is an 
important cause of bleeding in the second half of preg-
nancy, occurring in 1 in 200 to 250 pregnancies.2 Risk 
factors for placenta previa include advanced maternal 
age, previous cesarean section or uterine scar, multiple 
gestations, previous elective abortions, smoking, co-
caine use, and multiparity.4,13

ABNORMAL PLACENTAL ATTACHMENT

The placenta accreta spectrum includes placenta accre-
ta, increta, and percreta. This condition involves a de-
fect in the decidua basalis, which allows the  chorionic 

Figure 18-7 Extrachorial placentation. A: Normal placentation 
demonstrating the appropriate transition of membranous to villous 
chorion inserting appropriately at the placental edge. B: Circummar-
ginate placenta with smooth transition from membranous to villous 
chorion at some distance in from the placental edge. C: Circumval-
late placenta, similar to circummarginate, except there is a thick 
rolled edge at the transition.

Figure 18-6 A: Gross pathologic specimen of a circummarginate placenta showing the fl at transition of the membranes as they insert some 
distance in from the placental edge (arrows). B: Gross pathologic specimen of a circumvallate placenta with the characteristic thick rolled edge 
at the insertion of the membranes on the placental disk (arrows).
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have referred to this as a placental shelf, which is typi-
cally a transient and benign fi nding on early second- 
trimester sonography. In most cases, the shelf is no 
 longer visible by the late second trimester.12
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Figure 18-8 Ultrasound images of circumvallate placenta. A: Ultrasound image of a circumvallate placenta demonstrating the characteristic 
rolled-up placental edge. B: Ultrasound image of a circumvallate placenta appearing as a linear structure in the amniotic cavity. This can be 
misinterpreted as a uterine synechia (arrow).

A B

Figure 18-9 Classifi cation of placenta previa: A: Low-lying placenta. B: Marginal placenta previa. C: Partial placental previa. D: Complete 
central placental previa.

villi to invade into the myometrium and occasionally 
extend into the tissues beyond (Fig. 18-12).15 Placenta 
accreta occurs when the chorionic villi become abnor-
mally adherent to the uterine myometrium rather than 
the uterine decidua. Placenta increta occurs when there 
is villous infi ltration into the myometrial surface. Pla-
centa percreta occurs when the chorionic villi infi ltrate 

and penetrate through the entire myometrium, breach-
ing the serosa and potentially invading the  surrounding 
maternal organs.16–18 The term placenta accreta is often 
used to include all potential forms of placental inva-
sion, as prenatal distinction is not always possible.

The prevalence of placenta accreta has risen tenfold 
in the United States over the past 50 years, primarily 
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due to the increasing percentage of pregnant patients 
undergoing primary and repeat cesarean sections. It 
has been reported that placenta accreta now occurs in 
approximately 1 per 1,500 to 2,500 deliveries.16,19 It is a 
signifi cant cause of maternal morbidity and mortality 
and is currently the most common reason for an emer-
gency postpartum hysterectomy. Placenta previa and 
previous cesarean section delivery are the two most 
important known risk factors for placenta accreta. In 
the presence of placenta previa, increasing numbers of 
prior cesarean deliveries exponentially increase the risk 
of placenta accreta.15 Advanced maternal age, uterine 
anomalies, smoking, myomectomy, previous uterine 
surgery, and previous dilatation and curettage have also 
been associated with placenta accreta.15,17,20

Prenatal diagnosis is a key factor in optimizing the 
counseling, treatment, and outcome of patients with 
placental invasion.15 Ultrasonography remains the diag-
nostic standard for the screening and evaluation of this 

A B
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Figure 18-10 Placenta previa. A: Sagittal transabdominal image demonstrating the placental tissue covering the internal cervical os. 
B: Endovaginal image with marginal placenta previa. The arrow points to the internal cervical os. C: Endovaginal image with partial placenta. 
The arrow points to the internal cervical os. D: Complete central placenta previa with accreta on an endovaginal image.

PATHOLOGY BOX 18-1

Classifi cations of Placenta Previa

Subtype Description

Low-lying placenta  Inferior margin of the 
  placenta is within 

2 cm of the internal 
cervical os

Marginal previa  Placental tissue extends 
  to the edge of the 

 internal cervical os 
but does not cover it

Partial previa  Placental tissue partially 
 covers the internal os

Complete previa  Placental tissue  entirely 
  covers the internal 

 cervical os
Complete central previa  A central placenta mass 

  is implanted directly 
over the internal 
 cervical os
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sensitivity in the diagnosis of placenta accreta, allowing 
identifi cation in 78% to 93% of cases after 15 weeks’ 
gestation.17 Patients may be referred for MRI when 
there is a high clinical suspicion for placenta accreta or 
ultrasound fi ndings are equivocal (Fig. 18-14).18,20 Due 
to the multiplanar imaging abilities and excellent soft 
tissue resolution, the use of MRI may be superior to 
ultrasonography in the assessment of adjacent organ 
involvement (Fig. 18-15).14,15,18,20

The resulting abnormal implantation prevents the 
normal mechanisms of placental separation and he-
mostasis. Thus, the clinical consequence of placenta 
accreta is massive, life-threatening hemorrhage at the 
time of attempted placental separation. Blood loss aver-
ages 3 to 5 L and can lead to disseminated intravascu-
lar coagulopathy, adult respiratory distress syndrome, 
and renal failure. As many as 90% of patients require 
transfusion and 40% require greater than 10 units of 
packed red blood cells.15 Hysterectomy is required in 
up to 90% of patients with placenta accreta, leading 
to serious comorbidities such as cystectomy (15.4% of 
cases), ureteral injury (2.1%), and pulmonary embolus 
(2.1%), with 26.6% of patients admitted to the inten-
sive care unit.17 Maternal mortality with placenta ac-
creta has been reported to be as high as 7%.15

condition. Sonographic signs suspicious for placenta 
accreta include a concomitant placenta previa, large 
numerous placental vascular lacunae (tornado-shaped 
vessels), absent lower uterine segment myometrium 
at the placenta/bladder interface, and turbulent fl ow 
at the junction between the myometrium and placenta 
using color fl ow Doppler (Fig. 18-13). The most com-
mon location for placenta accreta is anteriorly at the 
lower uterine segment. Placental lacunae and abnormal 
color Doppler imaging patterns are the two most help-
ful ultrasound markers for this condition. According to 
the literature, visualization of lacunae has the highest 

Figure 18-11 T2-weighted MRI demonstrating a complete placenta 
previa (arrow).

PATHOLOGY BOX 18-2

Classifi cations of Placental Invasion: The Placenta 
Accreta Spectrum

Subtype Description

Placenta accreta  Chorionic villi are attached 
  to but do not invade the 

myometrium
Placenta increta  Chorionic villi partially 

 invade the myometrium
Placenta percreta  Chorionic villi infi ltrate up 

  to or beyond the uterine 
serosa

Figure 18-12 Classifi cation of the placenta accreta spectrum. A: Normal placentation. B: Placenta accreta. C: Placenta increta. D: Placenta 
percreta.
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Figure 18-13 Ultrasound criteria for the diagnosis of placental inva-
sion. A: Sagittal image of the lower uterine segment demonstrat-
ing placenta previa and large numerous placental vascular lacunae. 
B: Irregular interface between the myometrium and the maternal 
bladder (arrows). C: Color Doppler sonography showing turbulent 
blood fl ow at the junction between the myometrium of the anterior 
lower uterine segment and the maternal bladder (arrow).

Figure 18-14 Transverse, color Doppler ultrasound image at the 
junction of the lower uterine, segment, and the maternal bladder 
with turbulent blood fl ow at the interface as demonstrated by color 
Doppler sonography (arrows).

ABNORMALITIES OF PLACENTAL 
ECHOGENICITY: HYPOECHOIC 
PLACENTAL LESIONS

Focal cystic and sonolucent lesions of the placenta are 
frequently encountered by sonography during the dating 
and anomaly screening examinations. Placental lakes 
are irregular anechoic structures within the  placental 
parenchyma that are found beneath the chorionic plate. 
These are thought to correspond to villous vascular 
spaces with swirling jets of maternal blood fl ow at a 
low velocity that can be appreciated with real-time scan-
ning (Fig. 18-16). The lesions are more prevalent with 
increasing gestational age, and Doppler scanning will 
fail to demonstrate blood fl ow. A fi nding of placental 
lakes during the second-trimester ultrasound scan does 
not appear to be associated with uteroplacental compli-
cations or an adverse pregnancy outcome.21

Fibrin deposition, an apparently insignifi cant clini-
cal event, is speculated to be the end result of intervil-
lous and subchorionic thrombosis, which results from 
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associated with retroplacental hemorrhage in up to 25% 
of term placentas. Although they usually have no clini-
cal signifi cance, they may be associated with IUGR and 
mothers with preeclampsia. The diagnosis is often path-
ological and there is no specifi c sonographic appear-
ance; however, necrotic infarct may appear hypoechoic 
or show placental thinning.

Subchorionic or septal cysts of the placenta may 
form at the fetal surface and are thought to be venous 
in origin. They are usually multiple and near the cord 
insertion site into the placenta (Fig. 18-17).

PLACENTAL MASSES AND TUMORS

Chorioangiomas and teratomas represent the two prima-
ry nontrophoblastic tumors of the placenta. A chorioan-
gioma is a benign vascular malformation of the placenta 
arising from primitive chorionic mesenchyme and is 
found in about 1% of examined placentas. They can be 
associated with elevated maternal serum  �-fetoprotein 
or �-human chorionic gonadotropin levels.22 Small soli-
tary chorioangiomas may be asymptomatic and of little 
clinical signifi cance, whereas multiple or large chorio-
angiomas (�5 cm) have been reported to be associ-
ated with maternal and fetal complications in 30% to 
50% of cases.23 Chorioangiomas contain arteriovenous 
shunts that can lead to severe fetal complications such 
as  anemia, heart failure, nonimmune hydrops, throm-
bocytopenia, polyhydramnios, IUGR, prematurity, and 
placental abruption. These complications are respon-
sible for the high fetal and neonatal mortality rates 

pooling and stasis of maternal blood in the perivillous 
and subchorionic spaces. Fibrin deposits may appear 
sonographically as hypoechoic lesions in the subcho-
rionic area or within the placental mass, or as linear 
echogenic streaks within an anechoic lesion.

Intervillous thrombosis represents an intraplacental 
area of hemorrhage and clot. These areas of thrombosis 
appear sonographically as hypoechoic placental lesions 
of varying size that may contain linear echogenicities 
representing fi brin deposits. They are most commonly 
found midway between the subchorionic and basal ar-
eas of the placenta and are present in up to 50% of 
term pregnancies. More extensive, heterogeneous, and 
hypoechoic lesions may represent massive subchori-
onic hematoma and thrombosis (Breus’ mole), a rare 
occurrence secondary to venous obstruction.

Placental infarction occurs as a result of obstruc-
tion of the spiral arteries and is usually found at the 
periphery of the placenta. Placental infarctions may be 

Figure 18-15 MRI of placenta percreta. A: T2-weighted MRI image of placenta percreta with obvious placenta previa, appreciable vascular 
lacunae, and abnormal interface between the lower uterine segment and maternal bladder wall (arrow). B: T2-weighted image demonstrating 
placental invasion (arrow).
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PATHOLOGY BOX 18-3

Differential Considerations for Intraplacental 
 Sonolucent Lesions

Placental lakes
Fibrin deposition
Intervillous thrombosis
Placental infarction
Septal cysts
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channels of the tumor are in continuation with the fe-
tal circulation.25 The sonographic diagnosis of chorio-
angioma is based on increased vascularity or a large 
feeding vessel inside the tumor with the same pulsa-
tion rate as the umbilical cord.26 The  vascularization 
of the chorioangioma, supplied by the fetal circulation 
through  arteriovenous shunts from the umbilical cord, 
is responsible for fetal anemia and further complica-
tions. The Doppler measure of the peak systolic veloc-
ity in the middle cerebral artery (MCA) is useful in the 
diagnosis and management of fetal anemia (Fig. 18-19). 
 Therefore, when ultrasound examination identifi es 
a placental mass consistent with chorioangioma, a 
close antenatal surveillance should be taken every 7 to 
14 days, including MCA peak systolic velocity measure-
ment, as this has been shown to be an excellent tool for 

associated with large chorioangiomas (18% to 40%).24 
The likelihood of a poor outcome is generally correlated 
with the amount of additional vascularized tissue that 
the fetal cardiovascular system must perfuse.22

Typically, chorioangiomas present sonographically as 
a well-circumscribed hyperechoic or hypoechoic ovoid 
mass protruding from the fetal surface of the placenta 
near the cord insertion.23 Calcifi cations and  necrosis are 
occasionally observed (Fig. 18-18). The presence of cal-
cifi cations in the chorioangioma has been associated 
with reduced blood fl ow, improved clinical symptoms, 
and good outcome.22 Color Doppler is used to differenti-
ate between other masses such as placental hematoma, 
degenerating fi broid, placental teratoma, partial hyda-
tidiform mole, infarcts, and intervillous thrombosis. 
3D power Doppler can demonstrate that the vascular 

Figure 18-16 Hypoechoic lesions of the placenta. A: Ultrasound image of a posterior placenta showing scattered hypoechoic lesions beneath 
the chorionic plate. Real-time sonography demonstrated swirling blood fl ow, consistent with venous lakes. B: Transverse scan of a fundal 
 placenta with venous lakes.

A B

Figure 18-17 Subchorionic or septal cysts of the placenta. A: Cyst of the placenta noted at the site of the umbilical cord insertion into the 
placenta. B: Ultrasound image showing multiple cysts at the fetal surface of the placenta. These cysts resolved spontaneously and the fetus 
was normal at delivery.

A B
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Figure 18-18 Chorioangioma. A: Large ovoid mass protruding from fetal surface of the placenta with internal calcifi cations consistent with a 
chorioangioma. B: As a vascular tumor of the placenta, the chorioangioma demonstrates multiple vascular channels within the mass on color 
Doppler sonography.

A B

Figure 18-19 Evaluation of a chorioangioma by sonography. A: Evaluation of tumor size and location by sonography. B: Power Doppler angi-
ography demonstrating vascular channels and an umbilical feeding vessel (arrow). C: Color and spectral Doppler interrogation of the feeding 
vessel to the tumor demonstrates the same pulsation rate as the umbilical cord. D: Color and spectral Doppler ultrasound is used to obtain 
the peak systolic fl ow of the middle cerebral artery in the evaluation of fetuses at risk for anemia.
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Figure 18-20 Placenta, abruptio placentae. The relationship between vaginal bleeding and abruptio placentae. Increasing degrees of placen-
tal separation are shown. A: Marginal separation. B: Partial separation. C: Complete separation.

early detection of fetal anemia secondary to a large cho-
rioangioma.24 A placental chorioangioma can increase 
in size rapidly, leading to progressive heart failure in the 
fetus. In such cases, Doppler echocardiographic evalu-
ation of the fetal circulation is paramount in assessing 
the degree of cardiovascular impairment.22 In situations 
in which maternal or fetal complications necessitate in-
tervention, there are several possible treatment options; 
however, most of these cases have a dismal prognosis. 
Possible interventions include serial fetal blood transfu-
sions, fetoscopic laser coagulation of vessels supplying 
the tumor, chemosclerosis with absolute alcohol, and 
endoscopic surgical devascularization.23

Teratomas of the placenta are very rare and are usu-
ally benign, but they can also be highly malignant. They 
may contain structures derived from the three germ cell 
layers. Sonographically, placental teratomas present as 
a complex mass of the placenta with cystic and solid 
components; calcifi cations may be present.

PLACENTAL ABRUPTION

Placental abruption complicates approximately 1% 
of pregnancies and is defi ned as a premature separa-
tion of all or part of the placenta from the underlying 
myometrium. Placental abruption has been classifi ed 
according to the location of separation. The resulting 
hemorrhage may occur as a retroplacental, intraplacen-
tal, marginal, or subchorionic blood clot (Fig. 18-20). 
Abruption may manifest itself in three ways: as vaginal 
bleeding without signifi cant intrauterine  hematoma, as 
the development of a retroplacental or marginal hema-
toma with or without vaginal bleeding, or as forma-
tion of a submembranous clot at a distance from the 
placenta with or without vaginal bleeding. In some 
cases of retroplacental abruption, there is a concealed 
hemorrhage and the absence of vaginal bleeding. With 
placental abruption, the patient may present clinically 

with acute abdominal and pelvic pain, vaginal bleed-
ing, uterine tenderness, and fetal distress. Numerous 
risk factors have been  associated with this condition, 
including maternal hypertension, cocaine use, smok-
ing, trauma, uterine anomalies, and premature rupture 
of membranes.4

The diagnosis of abruption is mainly a clinical one, and 
detection by ultrasound is limited. The sensitivity of ul-
trasound to detect a placental abruption is approximately 
50% because of the variable sonographic appearance, 
depending on the size and location of the separation and 
the timing of the evaluation. Acute hemorrhage is highly 
echogenic. As the hematoma  progresses, the blood is of 
mixed echogenicity as the clot becomes more organized. 
As the hematoma matures, it may appear isoechoic with 
the placenta, then anechoic as the clot continues on to 
resorb and resolve (Fig. 18-21).

Prognosis depends on several factors, including the 
degree of placental detachment and gestational age. 
Marginal abruption has much less clinical importance 
than a large retroplacental hematoma. The gravest 
prognosis is associated with signifi cant retroplacental 
hemorrhage involving over 30% to 40% of the placenta 
and may include fetal growth restriction, oligohydram-
nios, preterm delivery, and fetal demise.4

FETAL MEMBRANE ABNORMALITIES

Various intrauterine membranes, septations, and 
bands have been demonstrated with sonography in 
and about the amniotic cavity. The most commonly 
identifi ed structures or conditions include chorioamni-
otic separation, elevation due to subchorionic hemor-
rhage, membranes associated with multiple gestations 
and blighted ova, and intrauterine synechiae. Recogni-
tion of these common, benign types of membranes is 
important to ensure that they are not confused with 
amniotic bands.
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The placental (chorion) and fetal (amnion) mem-
branes are separate early in gestation and fuse together 
at about the 14th week of gestation. In rare instances, 
chorioamniotic separation can occur later in gestation. 
This can be focal or extensive and is usually the result 
of intervention such as amniocentesis, although it may 
be sporadic. Sporadic cases have been associated with 
both chromosomal and developmental abnormalities 
of the fetus. Sonographic diagnosis is possible when 
the amnion is visible as a discrete, free-fl oating mem-
brane separate from the chorion surrounding the fetus 
(Fig. 18-22).1

Amniotic sheets or intrauterine synechiae are lin-
ear, extra-amniotic tissues that project into the am-
niotic cavity. These are usually an incidental fi nding 
and occur in approximately 1 in 200 pregnancies and 
in up to 15% to 49% of women who have had uter-
ine curettage performed.27 Although they appear to 
be within the amniotic fl uid, they are anatomically 
external to the amniotic sac. On ultrasound, they ap-
pear as linear protrusions continuous with and of the 
same echogenicity as the placenta. Synechiae do not 

Figure 18-21 Placental abruption. A: Sagittal ultrasound image with partial separation of the placenta from the uterine wall. Note the raised 
placental edge (arrow) with a large accumulation of blood adjacent to the cervix (CX). B: Sagittal ultrasound image of a subchorionic hemor-
rhage with the layering of blood products within the clot formation (H).
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PATHOLOGY BOX 18-4

Differential Diagnosis for Intrauterine Septations, 
Bands, and Membranes

Chorioamniotic separation
Amniotic band syndrome
Subchorionic hemorrhage
Multiple gestations
Intrauterine synechia
Uterine septum
Circumvallate placenta

cause fetal entrapment, or adhere to the fetus, and are 
not associated with fetal anomalies. Typically, they 
are no longer visible in the late third trimester sec-
ondary to obliteration or compression. Prenatal 3D 
ultrasound with MRI assessment has been reported to 
provide exceptional imaging evaluation of this condi-
tion (Fig. 18-23).28 Differential should include a uter-
ine septum, subchorionic hemorrhage, circumvallate 
placenta, and a multiple gestation with absence of a 
fetus in one sac.

Amnion rupture sequence or amniotic band syn-
drome is a sporadic condition that is thought to 
occur as a result of rupture of the amnion without 
rupture of the chorion, leading to transient oligohy-
dramnios and passage of the fetus from the amni-
otic to the chorionic cavity. Early rupture can lead 
to severe malformations of the cranium, central 

Figure 18-22 Transverse ultrasound image of the uterus denoting 
posterior chorioamniotic separation.



 438 PART 2 — OBSTETRIC SONOGRAPHY

are markedly hydropic and swollen, and proliferation 
of the trophoblast cell resulting in excessive produc-
tion of �-human chorionic gonadotropin levels. Other 
clinical symptoms include rapid uterine enlargement, 
excessive uterine size for gestational age, and hyper-
emesis gravidarum. Sonographically, hydatidiform 
mole has a very characteristic presentation. There is 
distention of the uterine cavity by a heterogeneous 
echogenic mass with a snowstorm appearance.1 The 
enlarged uterus is fi lled with multiple variable-sized 
small anechoic cysts (Fig. 18-25). In the case of com-
plete mole, there is absence of both amniotic fl uid and 
a fetus. With partial hydatidiform mole, there is the 
presence of a coexisting fetus along with an enlarged, 
thickened placenta with multiple cystic spaces. Severe 
IUGR and fetal anomalies may be present, as triploidy 
is noted in up to 90% of cases.4

Invasive moles represent deep growth of the ab-
normal tissue into and beyond the myometrium and 
are considered locally invasive nonmetastasizing 
neoplasms. Choriocarcinomas are similar to invasive 
moles; however, they are capable of metastasizing. 
Approximately 50% of choriocarcinomas arise after 

nervous system, face, and viscera. Amniotic bands 
may tear or disrupt previously normally developed 
structures, leading to congenital amputations, con-
striction rings, and bizarre nonanatomic facial clefts. 
Amniotic band syndrome may be detected sono-
graphically by demonstrating fetal malformations in 
a  nonembryonic distribution and by direct visual-
izations of the amniotic bands (Fig. 18-24).4 For a 
detailed description, see Amniotic Band Sequence 
section in Chapter 28.

GESTATIONAL TROPHOBLASTIC 
DISEASE

Gestational trophoblastic disease (GTD), or gestational 
trophoblastic neoplasia, is the designation given to 
several disorders arising from either normal or abnor-
mal fertilization of an ovum, resulting in neoplastic 
changes in the trophoblastic elements of the develop-
ing blastocyst. GTD has been classifi ed into complete 
or partial hydatidiform mole and metastatic disease or 
choriocarcinoma. Complete hydatidiform mole, or mo-
lar pregnancy, is characterized by chorionic villi that 
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Figure 18-23 Uterine synechia. A: Ultrasound image lateral to mid-
line demonstrating a thick linear structure continuous with the pla-
centa in a singleton pregnancy, consistent with an uterine synechia 
(arrow). This should not be misinterpreted as a circumvallate pla-
centa. B: Oblique ultrasound image of a uterine synechia traversing 
across the fetal face (arrow). C: 3D surface rendering in the same 
patient as B showing the synechia superior to the fetal face (arrow). 
There was no entrapment of fetal parts and the pregnancy outcome 
was normal.
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molar pregnancy, 25% arise after abortion, and 25% 
arise after normal pregnancy. At sonography, both 
appear as heterogeneous, echogenic, and hypervas-
cular masses.1 For a detailed description of gestation-
al trophoblastic neoplasia and choriocarcinoma, see 
Chapter 9.

Placenta mesenchymal dysplasia (PMD) is a rela-
tively recently recognized, rare placental vascular 
anomaly characterized by mesenchymal stem villous 
hyperplasia. This condition presents as an enlarged pla-
centa and may be mistaken for molar pregnancy both 
clinically and macroscopically because of the presence 
of “grapelike vesicles.” It may be associated with a 
completely normal fetus, a fetus with gross restric-
tion, or a fetus with features of Beckwith- Wiedemann 
syndrome.29–31 The sonographic features of PMD in-
clude placentomegaly, dilatation of chorionic vessels, 
and large areas of cystic villous changes along with 
areas of normal placenta (Fig. 18-26). 3D reconstruc-
tion may reveal a multicystic placental mass clearly 
separated from, but adjacent to, a normal-appearing 
placenta. In addition, multiple fl uid-fi lled cysts that 
do not appear to communicate with each other may 
be displayed on an inversion mode rendering of the 
3D image. The differential diagnosis of PMD includes 
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Figure 18-24 Amniotic band syndrome. A: Ultrasound image of free-
fl oating amniotic membranes (arrow) noted within the uterine cavity 
in this late second trimester pregnancy. B: Ultrasound evaluation of 
a fetus at 14 weeks of gestation revealed multiple amniotic bands 
(arrow) associated with the fetal head and neck. Limb anomalies, 
scoliosis, and an anterior abdominal wall defect were also observed. 
C: Postnatal photograph of a different fetus at 15 weeks of gestation 
with amniotic band syndrome. Note the band of tissue adhered to 
the signifi cantly deformed fetal head and face with bizarre facial cleft 
(arrow) characteristic of amniotic band syndrome. (Image courtesy of 
Pathology Associates of Syracuse, Crouse Hospital.)

Figure 18-25 Ultrasound image of the intrauterine contents in a case 
of complete hydatidiform mole. Uterine enlargement is present, with 
multiple diffuse small cysts dispersed throughout the placental paren-
chyma. These cysts represent the hydropic chorionic villi associated 
with this condition. Note the absence of a fetus and amniotic fl uid.

either partial hydatidiform mole or a complete mole 
with coexisting fetus, chorioangioma, subchorionic 
hematoma, placental infarcts, and spontaneous abor-
tion with hydropic changes.26
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ABNORMAL UMBILICAL VESSEL NUMBER

The umbilical cord normally contains two arteries and 
one vein surrounded by a mucoid connective tissue 
called Wharton’s jelly, all enclosed in a layer of amnion. 
Evaluation of cord vessel number is performed as part 
of the routine obstetric exam, and the three vessels are 
easily distinguishable in 2D imaging (“Mickey Mouse” 
sign). 2D imaging can demonstrate the presence of a 
single umbilical artery (SUA) (Fig. 18-28). The increase 
in the diameter of the umbilical artery relative to the 
umbilical vein has been reported in cases of SUA.33 
With the use of color Doppler, the application of color 
within the vessel lumen allows for easy distinction of 
umbilical cord vessel number (Fig. 18-29). An alterna-
tive sonographic method to demonstrate the umbilical 
cord vessel number is to obtain a transverse image of 
the fetal pelvis. The application of color Doppler shows 

ABNORMALITIES OF THE 
UMBILICAL CORD

Historically, the evaluation of the fetal umbilical cord 
during routine obstetric examination has been limited 
to the documentation of the number of vessels. Rec-
ommendations for a systemic evaluation of the umbili-
cal cord at the midtrimester anatomy scan have been 
suggested. One proposed classifi cation system includes 
evaluation of the number of blood vessels, measure-
ment of the umbilical cord area, assessment of placen-
tal umbilical cord insertion site, and determination of 
the coiling pattern (Fig. 18-27).32

FETUS

Figure 18-26 Sonographically similar to gestational trophoblastic 
disease, mesenchymal dysplasia also presents with placentomegaly 
with multiple small cystic areas along with areas of normal placen-
tal tissue.

Figure 18-27 Power Doppler angiography ultrasound image dem-
onstrating a three-vessel umbilical cord with normal coiling pattern.

A B
Figure 18-28 Transverse view of the umbilical cord. A: 2D cross-sectional ultrasound image of a three-vessel umbilical cord, the “Mickey 
Mouse” sign. B: 2D cross-sectional ultrasound image of a two-vessel umbilical cord.
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A B
Figure 18-29 Color Doppler of the umbilical cord. A: Sagittal ultrasound image showing color Doppler applied to a three-vessel umbilical 
cord demonstrating two arteries and a single vein with appropriate cord coiling. B: Sagittal ultrasound image of a two-vessel umbilical cord 
with a single umbilical artery.

Figure 18-30 Transverse pelvis view. A: In the transverse view of the fetal pelvis, two umbilical arteries can be seen coursing around the fetal 
urinary bladder using power Doppler angiography confi rming the presence of a three-vessel umbilical cord. B: In the same view, only one 
umbilical artery is identifi ed adjacent to the fetal bladder consistent with a two-vessel umbilical cord. B, bladder.

A B

B B

the presence or absence of umbilical arteries coursing 
on either side of the fetal urinary bladder (Fig. 18-30). 
An SUA is one of the most common congenital anoma-
lies, with a  reported incidence of about 1% of all single-
ton pregnancies and 4.6% of twin gestations.33 Possible 
mechanisms for SUA include  primary agenesis of one 
artery, atrophy or atresia of a previously present artery, 
or persistence of the original allantoic artery in the 
body stalk of the embryo. The left umbilical artery is 
more commonly absent, and this developmental abnor-
mality has no known recurrence risk.4,33 In 96% of all 
umbilical cords, there is an anastomosis; in 3%, there is 
even fusion of the two umbilical arteries within 1.5 cm 
of the placental insertion site.34 Despite the diagnostic 
methods available for the detection of an SUA and its 
relatively common occurrence, the antenatal detection 

rate is reported to be poor with only one-third of the 
cases identifi ed.33

Fetuses with SUA have a high rate of structural 
anomalies, ranging from 18% to 68%. According to re-
ports by several investigators, a variety of congenital 
anomalies have been associated with SUA, including 
cardiovascular malformations, central nervous system 
defects, gastrointestinal or genitourinary defects, and 
musculoskeletal malformations.33,35 Chromosomal ab-
normalities are reported in 8% to 11% of fetuses with 
SUA, particularly trisomies 13 and 18, whereas trisomy 
21 does not have a clear association with this anomaly. 
In a recent study, all chromosomally abnormal fetuses 
with SUA were found to have associated malforma-
tions detected by ultrasound. The presence of isolat-
ed SUA is associated with clinically signifi cant fetal 
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of 0.2%,  and the diagnosis is not diffi cult but often 
overlooked. On sonographic evaluation, the umbilical 
vein curves toward the left-sided stomach rather than 
toward the liver (Fig. 18-32). In addition, the gallblad-
der will be located medial to the vein rather than its 
normal lateral position. It is usually an isolated fi nding 
but may have a risk of associated anomalies including 
cardiac malformations.9

An umbilical vein varix may be present and is de-
scribed as a focal dilatation of the umbilical vein. 
 Varix of the umbilical vein is usually seen in the intra- 
abdominal, extrahepatic portion of the umbilical vein 
(Fig. 18-33). Color Doppler imaging permits the diagno-
sis of umbilical vein varix (Fig. 18-34). Diagnostic crite-
ria include an abdominal vein diameter of greater than 
9 mm or an enlargement of the varix of at least 50% 
larger than the diameter of the intrahepatic  umbilical 
vein. Although most cases have a normal outcome, 
some studies have shown an association with other 
anomalies, aneuploidy, perinatal death, and hydrops.9

ABNORMALITIES OF STRUCTURE

Body stalk anomaly (complete absence of the umbilical 
cord) and limb body wall complex (a very short cord) 
are rare occurrences that are associated with severe 
structural anomalies. Body stalk anomaly is a fatal con-
dition that has been linked to maternal cocaine abuse. 
Sonographically, no cord would be identifi ed, but rather 
an extraembryonic sac in direct apposition to the chori-
onic plate. Again, severe fetal malformations would be 
obvious on sonographic evaluation, the most common 
being scoliosis, abdominal wall defects, and neural tube 
defects (Fig. 18-35).

The average length of the umbilical cord is 55 cm in 
a normal term newborn. The length of the umbilical 

growth  restriction, prematurity, and increased perinatal 
 mortality rate.33,35,36

Supernumerary vessels are the presence of more 
than three blood vessels in the umbilical cord. This ex-
ceedingly rare condition is almost exclusively associ-
ated with various forms of conjoined twinning and is 
considered an important sonographic landmark for the 
prenatal diagnosis of conjoined twins (Fig. 18-31). This 
may represent an abnormal splitting of the umbilical 
vessels between the third and fi fth week of develop-
ment. On rare occasions, a four-vessel cord has been 
found in normal neonates but also in association with 
multiple anomalies.

Persistent right umbilical vein (PRUV), a relatively 
common vascular variant, is a condition where the right 
umbilical (portal) vein, rather than the left-sided umbil-
ical vein, remains open. This occurs with an incidence 

Figure 18-31 Supernumerary vessels. A cross-sectional ultrasound 
image of an umbilical cord demonstrating multiple vessels in a case 
of conjoined twinning.

A B
Figure 18-32 Persistent right umbilical vein. A: Transverse view of the fetal abdomen, labeled right and left, showing the umbilical vein 
coursing to the fetal left. B: Color Doppler image of the fetal abdomen demonstrates the umbilical vein curving toward the fetal stomach 
rather than the fetal liver. UV, umbilical vein; S, stomach.
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thrombocytopenia, cord compression, variable heart 
decelerations, instrumental and operative deliveries, 
and fetal demise.37 An abnormally long umbilical cord 
may predispose to vascular occlusions by thrombi and 
true knots, stricture, nuchal cord, cord entanglement, 
and cord prolapse during labor.38

ABNORMALITIES OF CORD INSERTION

Typically, the umbilical cord inserts at or near the center 
of the placental disc in over 90% of cases (Fig. 18-36).4  
The placental umbilical cord insertion site can be read-
ily determined by sonography at the time of the 11- to 
14-week scan (Fig. 18-37). Sonographic evaluation at 
this early gestational age provides the opportunity for 
screening for abnormal cord insertion into the placenta 
in the fi rst trimester, allowing for close surveillance of 

cord is considered an index of fetal activity and is de-
pendent on the tension created by the freely mobile 
fetus primarily during the fi rst and second trimesters. 
Currently, measurements of umbilical cord length are 
not widely applied in obstetrics. A short cord has been 
defi ned as 35 cm or less and has been associated with 
fetal anomalies (often lethal) in which fetal movement 
is limited or absent, such as body stalk anomaly, limb–
body wall complex, restrictive dermopathy, ichthyosis, 
Neu Laxova syndrome, and fetal akinesia/ hypokinesia 
(Pena-Shokeir syndrome) sequence. It is also consid-
ered a signifi cant marker for developmental abnormali-
ties, including  trisomy 21. In addition, normal fetuses 
with short umbilical cords are reported to manifest an 
increased risk of adverse antenatal and intrapartum 
complications, including umbilical cord rupture, failure 
to descend, umbilical vessel hematomas, thrombosis, 

Figure 18-33 Umbilical vein varix. A: Transverse section of the fetal abdomen showing focal dilatation of the fetal umbilical vein as it enters 
the fetal abdomen. B: Similar case of umbilical vein varix where the intra-abdominal portion of the umbilical vein measures 11 mm (arrow). UV, 
umbilical vein; ST, stomach.
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Figure 18-34 Umbilical vein varix. A: Color Doppler imaging showing turbulent fl ow in the cystic dilatation of the umbilical vein as it enters into 
the fetal abdomen (arrow). B: Spectral Doppler demonstrates venous fl ow within this structure confi rming the diagnosis of an umbilical vein varix.

A B
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placenta.4,39 It has been demonstrated that atypical vari-
able deceleration in the fi rst stage of labor is a char-
acteristic fetal heart-rate pattern for velamentous cord 
insertion and hypercoiled cords.43

In vasa previa, some of the velamentous fetal ves-
sels run in the lower uterine segment unprotected by 
Wharton’s jelly. These umbilical vessels traverse within 
the fetal membranes on or near the region of the in-
ternal cervical os (Fig. 18-41). Because these unsup-
ported fetal vessels lie inferior to the presenting fetal 
part, they are easily compressed or ruptured when 
uterine contractions or membrane rupture occurs, re-
sulting in fetal hypoxia or exsanguination.39,44–47 Since 
bleeding from vasa previa is of fetal origin, the associ-
ated fetal morbidity and mortality are extremely high, 
ranging from 50% to 60% with intact membranes, and 
70% to 100% with ruptured membranes. The incidence 
of vasa previa is estimated to be about 1 in 1,200 to 
5,000 pregnancies.44,48 Risk factors for vasa previa in-
clude the ultrasound diagnosis velamentous insertion, 
bilobed or succenturiate placenta, multiple gestation, 
suspicion of aberrant vessels, low-lying placenta or pla-
centa previa at earlier gestation, cord insertion into the 
lower uterine segment, and in vitro  fertilization.44,49

It has been suggested that a combination of endo-
vaginal sonography in the late fi rst or early second 
trimester with targeted sonography in patients with 
“resolving” placenta previa or low-lying bilobed or suc-
centuriate placenta may be the best way to screen for 
vasa previa. Sonographic identifi cation of the umbilical 

the pregnancy for potential complications associated 
with this condition.39 Developmental abnormalities of 
the placenta and umbilical cord have been noted to oc-
cur frequently in cases where the cord insertion site 
into the developing placenta is in the lower third of the 
uterus in the fi rst trimester of pregnancy. It has been 
suggested that screening for the cord insertion at 9 to 
11 weeks of gestation may be useful for predicting those 
cases that will have abnormalities of the cord and pla-
centa at delivery.40 Abnormalities of the umbilical cord 
insertion into the placenta can be detected sonographi-
cally using transabdominal, endovaginal, and color 
Doppler techniques, with screening for the cord inser-
tion site can improve perinatal outcomes (Fig. 18-38).41 
Marginal insertion of the umbilical cord into the pla-
centa, also known as battledore placenta, occurs when 
the cord inserts within a centimeter of the placental 
margin rather than centrally and occurs in 5% to 7% of 
term pregnancies (Fig. 18-39).4

Velamentous insertion occurs in 1% to 2% of term 
singleton pregnancies and is more frequent in multi-
ple gestations. In this situation, the umbilical vessels 
separate and course between the amnion and chorion 
at a distance from the placental margin surrounded 
only by a fold of amnion devoid of Wharton’s jelly 
(Fig. 18-40).4,42 Clinically, velamentous cord insertion 
has been associated with cord compression, poor fe-
tal growth, thrombosis, miscarriage, prematurity, low 
birth weight, fetal malformation, perinatal death, low 
Apgar scores, placenta previa, vasa previa, and retained 

A

B

Figure 18-35 Limb–body wall complex. A: Ultrasound image of a 
fetus with multiple anomalies including scoliosis, anterior abdominal 
wall defect, and neural tube defect. Postnatal diagnosis was consis-
tent with limb–body wall complex. B: Postnatal photograph of a fetus 
with limb–body wall complex. Note the multiple malformations, short 
umbilical cord, and fusion of the placenta to the anterior abdominal 
wall defect.
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cord insertion site in the fi rst trimester could have im-
portant implications for pregnancy management.41 Al-
though it can be missed, the most useful tool for the 
prenatal diagnosis of vasa previa is a combination of 
endovaginal sonography and color Doppler examina-
tion (Fig. 18-42).47,50,51 Prenatal diagnosis and evalu-
ation of vasa previa with 3D sonography and power 
 angiography have been reported.

3D ultrasonography in the multiplanar mode allows 
the evaluation of the spatial relationship between the 
aberrant vessel and the uterine cervix. 3D in power 
Doppler or power angiography mode allows mapping of 
the vessels, which may have value in the surgical sec-
tion of the uterus.45,52–54 In cases of prenatally diagnosed 
vasa previa, it has been suggested that the key to a 
good outcome is close follow-up with possible hospital-
ization from 32 gestational weeks onward. Prompt sur-
gery should be carried out in cases of vaginal bleeding, 

Figure 18-37 Ultrasound image showing normal fi rst trimester so-
nogram showing cord insertion into the placenta.
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Figure 18-36 Normal cord insertion into the placenta. A: 2D image denoting central cord insertion into an anterior placenta (arrow). B: Power 
Doppler angiography applied to the same image showing the helical arrangement of the blood vessels of the cord as it inserts centrally. 
C: Power Doppler angiography demonstrating a paracentric or eccentric umbilical cord insertion into the placenta. D: 3D surface rendering 
of a placenta with a central cord insertion.



Figure 18-38 Cord insertion into the placenta. A: Central cord insertion. B: Eccentric cord insertion. 
C: Marginal cord insertion (battledore placenta). D: Velamentous cord insertion.

Figure 18-39 Marginal insertion or battledore placenta. A: 2D ultrasound image showing marginal insertion of the umbilical cord into the 
placental disk (arrow). B: Power Doppler angiography of the same case demonstrating the marginal insertion site (arrow). C: 3D color Doppler 
of marginal cord insertion (arrow). D: Gross pathology specimen with marginal cord insertion into the placenta (arrow). (Image courtesy of 
Pathology Associates of Syracuse, Crouse Hospital.)
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Figure 18-40 Velamentous insertion. A: 2D ultrasound image showing a placenta with a velamentous cord insertion (arrow). B: Image of the 
same placenta with power Doppler application to show the vessels entering the membranes prior to reaching the placental mass. C: Another 
example of velamentous cord insertion (arrow) with color Doppler applied to demonstrate the vessels inserting into the membranes. D: Power 
Doppler of the umbilical cord with velamentous insertion. E: Sagittal image of the lower uterine segment with the umbilical vessels insertion 
into the membranes and branching prior to reaching the placenta. This case also was confi rmed to have a vasa previa. F: Gross pathology 
specimen of a placenta with velamentous insertion.
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oligohydramnios associated with the smaller “stuck” 
twin. By color Doppler sonography, anastomosis may 
be visualized between the cords on the placental 
 surface.13

CYSTIC CORD MASSES

In the fi rst trimester, umbilical cord cysts are defi ned as 
an echolucent area within the umbilical cord with the 
yolk sac defi ned as a separate structure. The presence 
of umbilical cord cysts between 7 and 13 weeks’ ges-
tation has been reported at 3%, with more than 20% 
of the  cases having an association with chromosomal 
or structural defects. The fetus may be more likely to 
be abnormal if a cyst is located near the placental or 
fetal extremity of the cord or if the cyst persists beyond 
12 weeks’ gestation (Fig. 18-43). It has been noted 
that the appearance of umbilical cord cysts coincides 
with the onset of coiling of the umbilical cord and the 
formation of physiologic hernia; therefore, it has been 
proposed that these cystlike structures result from tran-
sient fl uid accumulation because of the coiling process 
or herniation of the bowel interfering with fl uid ex-
change within the cord.56

Umbilical cord cysts are defi ned as true cysts or pseu-
docysts. True cysts, derived from embryonic remnants 
of the allantois and the omphalomesenteric duct, have 
no increased risk of chromosomal anomalies. These 
cysts represent vestigial patency of an embryonic struc-
ture and are typically located near the cord insertion 
into the fetal abdomen.56 These cysts are easily detect-
able on ultrasound, with allantoic cysts close to the 
fetal insertion, centrally located between the umbili-
cal  vessels, and are often associated with spontaneous 
resolution (Fig. 18-44).3 Pseudocysts have no epithelial 
lining and represent localized edema of Wharton’s jelly 

ruptured membranes, or onset of labor. Elective cesar-
ean section should be considered when fetal lung ma-
turity has been documented.45,47,54

With furcate insertion of the umbilical cord, the um-
bilical cord blood vessels lose their protective cover of 
Wharton’s jelly before entering the chorionic plate. Ow-
ing to the splaying of vessels and their wide distribu-
tion, the vessels are exposed to external trauma. During 
labor and delivery, they may rupture, twist, and conse-
quently compromise the placental circulation, resulting 
in stillbirth.55

Monochorionic twin pregnancies can share the 
same placenta and often have anastomoses between 
the umbilical vessels. Twin–twin transfusion syndrome 
(TTTS) develops in 10% to 15% of these pregnancies. 
This condition is characterized by discordant fetal size, 
with polyhydramnios around the larger twin and severe 

Figure 18-41 Vasa previa is a condition where umbilical vessels run 
within the membranes near or across the internal cervical os. A: Vasa 
previa in association with velamentous cord insertion into the pla-
centa. B: Vasa previa can also occur in cases where there is a suc-
centuriate lobe of the placenta.

A B
Figure 18-42 Vasa previa. A: Endovaginal image of the maternal cervix using color Doppler to document the presence of fetal vessels cours-
ing adjacent to the internal cervical os (arrow) in a case with a succenturiate lobe of the placenta. B: The addition of a spectral Doppler tracing 
of the blood vessels demonstrates fetal origin, consistent with vasa previa.
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rarely tumors such as hemangiomas and teratomas.3,58 
With any cord mass, mechanical compression and im-
pairment of fetal circulation is a potential consequence, 
especially if the mass arises from the vascular tissue.

Umbilical cord hemangiomas are an extremely rare 
benign tumor, with less than 50 cases reported in the 
literature. Also referred to as angiomyxoma, myx-
angioma, hemangiofi bromyxoma, and myxsarcoma, 
umbilical cord hemangiomas have been associated 
with congenital anomalies such as capillary vascular 
malformations of the skin and an SUA. There is also 
an association with increased maternal serum �-fe-
toprotein levels, polyhydramnios, preterm labor, and 
increased perinatal mortality, particularly intrauterine 
deaths.58,59 Sonographically, hemangiomas are typically 
seen as fusiform swellings in the cord with the pres-
ence of an angiomatous nodule and are usually located 
near the placental insertion of the cord. They range in 
size from 0.2 to 18 cm in diameter and are often sur-
rounded by localized cystic degeneration and edema 
of the Wharton’s jelly distinct from the tumor.58 In a 
suspected case of umbilical cord hemangioma, serial 
ultrasound examinations have been recommended in-
volving amniotic fl uid volume assessment, tumor size 
measurement, and Doppler fl ow studies of each um-
bilical vessel separately, with special attention to the 
segment of cord within the tumor. Since a sudden vas-
cular accident cannot be ruled out, delivery should be 
considered if fetal lung maturity has been established 
or assumed. Differential diagnosis includes hematomas 
and teratomas of the umbilical cord, and abdominal 
wall defects.59

Umbilical cord teratomas, which are usually be-
nign lesions, are very rare and may contain tissues de-
rived from all three germ cell layers. Sonographically, 
they have a disorganized polymorphic appearance. 

or aneurysm of an umbilical artery or vein. Excessive 
deposits of Wharton’s jelly, which appears as a soft tis-
sue mass, may liquefy and present sonographically as a 
large, cystic mass (Fig. 18-45). Pseudocysts show a posi-
tive association to structural and chromosomal defects, 
particularly trisomy 18 and 13. Prenatal management 
should include serial ultrasound examinations to as-
sess the size and growth of the cyst. Doppler evaluation 
may be helpful to assess blood fl ow patterns since large 
umbilical cord cysts may compress blood vessels and 
impair umbilical circulation causing intrauterine demise 
of the fetus.57

Prenatally detected mass lesions in the cord appear as 
hyperechogenic, solid, and cystic lesions, usually repre-
senting hematomas, varices, aneurysms, thrombosis, and 

Figure 18-43 Umbilical cord cyst. Ultrasound image of an anechoic 
cystic structure located adjacent to the umbilical cord insertion site 
into the placenta consistent with an umbilical cord cyst (arrow). The 
pregnancy outcome was normal.

A B
Figure 18-44 Allantoic cyst. A: 2D ultrasound image of a cyst within the umbilical cord at the site of insertion into the fetal abdomen. B: Color 
Doppler sonography demonstrates the umbilical vessels coursing around the cyst, consistent with an allantoic cyst. The cyst resolved prior to 
delivery and the fetus was normal.
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hemangiomas, although hematomas have no preferred 
location within the cord, nor are they associated with 
cystic structures. Umbilical cord hematomas have been 
described as a fusiform hyperechoic structure noted 
within the umbilical cord. Color fl ow imaging may be 
helpful in distinguishing the thrombus within a hema-
toma from solid vascular lesions such as teratomas 
and  hemangiomas.58

Umbilical cord artery and vein thrombosis with oc-
clusion is extremely rare and has been associated with 
a high perinatal mortality. Sonographically, this condi-
tion presents as echogenic material within the lumen 
of the blood vessel. In the case of a thrombosis of the 
umbilical artery, sonographic fi ndings associated with 
this diagnosis may consist of a single-artery umbilical 
cord with an additional collapsed echogenic third ves-
sel that had previously been described as a three-vessel 
cord on prior exam.60 This condition has been associ-
ated with nonimmune hydrops and maternal diabetes. 
Thrombosis may also form secondary to mechanical 
cord impairment such as torsion, knotting, compres-
sion, hypercoiling, or hematoma (Fig. 18-46).

Normally, the physiologic herniation of the midgut 
into the proximal segment of the umbilical cord re-
solves by the 14th week. Occasionally, this fi nding may 
persist into the second trimester and is consistent with 
an umbilical hernia. Sonographically, this presents as a 
small, irregular echogenic soft tissue mass identifi ed in 
the base of the umbilical cord (Fig. 18-47). This fi nd-
ing has been associated with chromosome abnormali-
ties. An umbilical hernia should not be confused with 
a gastroschisis or omphalocele, which are congenital 
anterior abdominal wall defects (Fig. 18-48). The dif-
ferential diagnosis for a small soft tissue mass located 
at the base of the umbilical cord would include hema-
toma, hemangioma, and small omphalocele.

Generally, a complex umbilical cord mass contain-
ing cystic areas, solid components, and internal cal-
cifi cations is suggestive of a teratoma. Because of its 
 heterogeneous appearance, a hemangioma with associ-
ated cystic degeneration of Wharton’s jelly can appear 
similar to a teratoma, and distinction between the two 
presents a challenge.58

Most umbilical cord hematomas are the result of 
either inadvertent laceration at the time of amnio-
centesis or intentional mechanical penetration of the 
umbilical vein during cordocentesis.60 Spontaneous 
hematomas of the umbilical cord are rare but have 
a high mortality rate. On sonographic examination, 
hematomas can have a similar appearance to that of 

Figure 18-45 Edematous Wharton’s jelly. Transverse sonogram of 
the fetal abdomen at the site of cord insertion into the fetal abdo-
men. A soft tissue mass of the cord was noted with areas of cystic 
degeneration consistent with edematous Wharton’s jelly (arrow). 
This fetus had trisomy 18 and the pregnancy outcome resulted in an 
intrauterine fetal demise at 37 weeks of gestation.
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Figure 18-46 Cord thrombosis. A: Ultrasound image showing focal dilation of a segment of a blood vessel within the umbilical cord. Low-level 
echoes are noted within the area of thrombosis. There was also hypercoiling of this two-vessel umbilical cord. B: Gross pathology specimen 
of this umbilical cord confi rms hypercoiling and umbilical artery thrombosis. (Image courtesy of Pathology Associates of Syracuse, Crouse 
Hospital.)
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Figure 18-47 Umbilical hernia. A: Transverse ultrasound image at the level of the umbilicus demonstrating a small echogenic protrusion of 
fetal bowel into the base of the umbilical cord. B: Color Doppler sonography was used to show the relationship of the fetal umbilical vessels 
to the umbilical hernia.
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Figure 18-48 Abdominal wall defects. A: Umbilical hernia. B: Gas-
troschisis. C: Omphalocele.
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 outcome, scanning for and reporting this condition re-
mains controversial.

Funic or cord presentation is a situation where the 
umbilical cord is the presenting part, usually noted 
when the fetus is in the transverse of breech positions. 
This fi nding is not of clinical signifi cance throughout 
the progressing pregnancy but may lead to prolapse of 
the cord during active labor.56

Cord prolapse is defi ned as presentation of the um-
bilical cord in advance of the fetal presenting part dur-
ing labor and delivery (Fig. 18-51).55 This is usually 
detected by digital exam in cases of fetal distress after 
rupture of membranes. Sonographic detection of cord 

ABNORMAL CORD POSITION

Fetal compromise of umbilical cord circulation is 
suspected in at least 20% of stillbirths at autopsy. 
Any type of force that compresses umbilical cords 
may lead to diminished blood fl ow in the umbilical 
vessels and subsequent fetal hypoxia or circulatory 
compromise. Mechanical cord compression or “cord” 
accident can be caused by nuchal/body cords, cord 
prolapse, or cord entanglements. This can also occur 
from an abnormal confi guration of the cord, such as 
true knots, hypercoiling/twisting, abnormally long 
cords, abnormal cord insertions, or strictures.61 Many 
intrapartum complications and adverse perinatal out-
comes have been associated with such cord abnor-
malities and likely depend on the duration and degree 
of occlusion.

A nuchal cord is present in about 24% of all de-
liveries and is described as having the umbilical cord 
loop around the neck of the fetus one or more times 
(Fig. 18-49). In most cases, the cord is loosely looped 
and is considered clinically insignifi cant. Only rarely 
is a nuchal cord associated with signifi cant perina-
tal complications. Nuchal cords come and go during 
pregnancy and the rate of nuchal cords increases with 
increasing gestational age. The presence of a nuchal 
cord may be demonstrated during routine sonography, 
and color Doppler is helpful in differentiating it from 
other neck masses and may also have a particular ad-
vantage in cases of low amniotic fl uid (Fig. 18-50). A 
nuchal cord is usually suspected by ultrasound, with 
the presence of the cord in the transverse and sagittal 
planes of the neck and lying around at least three of the 
four sides of the neck.44 Given the common occurrence 
of nuchal cord and its association with a  favorable 

Figure 18-49 Nuchal cord. A: Transverse drawing of a fetus with the 
umbilical cord noted around the fetal neck. B: Longitudinal drawing 
of the fetus with the umbilical cord noted around the fetal neck.

A B
Figure 18-50 Nuchal cord. A: Dual image with power Doppler angiography application in a case of nuchal cord. In addition, oligohydramnios 
and multiple genitourinary abnormalities were noted. A tight nuchal cord times two was documented and noted at the time of delivery. The 
fetus did not survive secondary to congenital anomalies. B: Another case of nuchal cord with power Doppler application to demonstrate the 
umbilical vessels coursing circumferentially around the fetal neck. Pregnancy outcome was normal.
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been associated with advanced maternal age, multipar-
ity, previous miscarriages, obesity, prolonged gravidity, 
meconium-stained fl uid, male fetus, low Apgar scores, 
long cords, and maternal anemia.62 The prenatal diag-
nosis of a true knot of the umbilical cord is challenging 
because of the diffi culty in assessing the whole length 
of the cord in utero, the distinctive spatial confi guration 
of the umbilical cord in the amniotic cavity, and the 
lack of characteristic antenatal 2D and color Doppler 
sonographic features. Sonographically, this condition is 
often missed or overdiagnosed. The suspicion of a true 
knot arises where a “cloverleaf” pattern of the cord is 
observed (Fig. 18-52). Prenatal visualization of a seg-
ment of cord closely surrounded by a loop, known as 
the “hanging noose” sign, has been recently reported as 
a highly specifi c sonographic feature in this condition. 
Both 3D power Doppler and 4D sonography are useful 
in the evaluation of this condition, where a volumetric 
view of the knot may sharpen the diagnosis.62,63

The umbilical cord exhibits a helical course, which is 
well established by 9 weeks of gestation. Observational 
data suggest that fetal movements play a role not only 
in the development of the cord length (with absent or 
decreased movements associated with short cords) but 
also in helical formation.64 With the assumption that 
the average umbilical cord is 50 to 60 centimeters long, 
an average of 0.2 coils per centimeter would predict 10 
to 12 vascular coils in a given cord. The generally ac-
cepted method of assessing the degree of the umbilical 
cord coiling is by calculation of the umbilical cord index 
(UCI), defi ned as the number of complete coils per cen-
timeter length of cord. Using this criterion, the normal 
UCI is around 0.2 in the postpartum setting following 
examination of the delivered placenta and umbilical 
cord (pUCI), and 0.4 when determined antenatally by 
sonography. This apparent discrepancy, with increased 
cord coiling observed in utero, is suggested to be a re-
fl ection of the fact that the umbilical vessels are dis-
tended with blood that may result in a tighter apparent 
coiling of helical vessels.64,65

The cord coiling makes the umbilical cord a structure 
that is both fl exible and strong, and provides resistance 
to external forces (i.e., tension, compression, entangle-
ment) that could compromise blood fl ow (Fig. 18-53).34 
Fetuses whose umbilical coiling index values fall out-
side the normal limits have been shown to have higher 
rates of suboptimal outcomes (Fig. 18-54). It has been 
recommended that the cord coil index become part of 
the routine placental pathology examination, while an-
tenatal evaluation of cord coiling requires further study. 
An abnormal UCI may be predictive of adverse fetal 
outcomes and, in the future, prenatal evaluation of the 
umbilical cord and the UCI may become an integral 
part of the fetal assessment in high-risk pregnancies.34 
This addition to clinical practice could reduce fetal 
death rates signifi cantly if guidelines were established 
for elective delivery at appropriate gestational age in 

prolapse is clinically important because it may lead 
to cord compression and fetal vascular compromise, 
which can lead to an obstetric emergency with poten-
tially fatal results. Color Doppler sonography is used to 
demonstrate the blood fl ow within the umbilical cord 
within the dilated endocervical canal and vagina.

Differences in the umbilical vein, umbilical arter-
ies, and cord stromal length give rise to bending and 
twisting of the umbilical cord. Sometimes this bend-
ing, twisting, and bulging may appear as a false knot, 
which has no clinical signifi cance. A focal bulge or 
vascular protuberance along the cord may be observed 
sonographically. A true knot of the umbilical cord oc-
curs when the fetus actually passes through a loop or 
loops of cord. The incidence of true knots of the um-
bilical cord is approximately 1% to 2% of all deliver-
ies, and fetuses with true knots are at a fourfold risk 
of stillbirth.62 In most cases, the knot is either loose in 
utero or forms during birth, having only marginal im-
pact on the perinatal outcome. However, during active 
labor, there is the possibility that the knot may tighten 
during fetal movements or descent, in which time it 
can potentially lead to decreased umbilical blood fl ow, 
fetal asphyxia, and perinatal death.63 This anomaly has 

Figure 18-51 Cord prolapse. This diagram demonstrates the pres-
ence of segment of umbilical cord extending into the dilated cervical 
canal prior to the fetal presenting part during labor and delivery.
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Figure 18-53 Power Doppler angiography image showing normal 
coiling pattern in this three-vessel umbilical cord.

Figure 18-54 Umbilical cord coiling. A: Normal umbilical cord coil-
ing pattern (UCI between 0.1 and 0.3 coils per cm). B: Hypocoiled 
umbilical cord (UCI less than 0.1 coil per cm). C: Hypercoiled cord 
(UCI greater than 0.3 coils per cm).

A B

C

Figure 18-52 True knot. A: 2D ultrasound image of a suspected true 
knot of the umbilical cord. B: Power Doppler angiography is applied 
to the complex structure within the umbilical cord. C: Postnatal gross 
 pathology specimen of the umbilical cord demonstrating a true knot. 
(Image courtesy of Pathology Associates of Syracuse, Crouse Hospital.)
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centimeter) are associated with aneuploidy, fetal de-
mise, fetal intolerance to labor, operative delivery for 
fetal distress, IUGR, meconium staining, and chorio-
amnionitis. Overcoiled cords are also strongly associ-
ated with vascular thrombosis of the chorionic plate, 
umbilical venous thrombosis, and in many cases of 
cord stenosis and stricture. (Fig.  1 8-56).64,66

Entanglement of the umbilical cords is a potential 
complication in monoamniotic twins. Occurring in 
up to 70% of cases of monoamniotic twins, this phe-
nomenon appears sonographically as a “mass” of the 
umbilical cord, toward which each separate cord can 
be traced (Fig. 18-57). Using color Doppler, it is im-
portant to trace both cords into the entangled mass as 
a prerequisite for real-time diagnosis of cord entangle-
ment. With compression of the blood vessels, fl ow may 
be impaired or greatly reduced, resulting in placental 
congestion and an additional increase in intraplacental 
resistance. It has been suggested that in cases of cord 

the presence of cord coil abnormality and evidence of 
vascular compromise.66

Roughly 5% of all fetuses have complete absence 
of umbilical vascular coiling (Fig. 18-55). A variety 
of perinatal risks have been attributed to fetuses with 
noncoiled or straight umbilical vessels, including in-
creased rate of fetal anomalies, aneuploidy, fetal heart 
rate (FHR) decelerations, meconium passage, preterm 
delivery, IUGR, oligohydramnios, and fetal demise.4,64 
It appears that hypocoiled or undercoiled cords (UCI 
� 0.1 coils per centimeter) are predominantly asso-
ciated with an increased frequency of intrauterine 
death, FHR decelerations, operative delivery for fe-
tal distress, preterm delivery, low Apgar score, the 
 presence of fetal congenital anomalies, aneuploidy, 
oligohydramnios, meconium staining, and other ab-
normalities of placental development such as vela-
mentous insertion and the presence of an SUA.64,65 
Hypercoiled or overcoiled cords (UCI � 0.3 coils per 

Figure 18-55 Noncoiled umbilical cords. A: Sagittal color Doppler image of a noncoiled three-vessel umbilical cord. B: Sagittal color Doppler 
image of noncoiled two-vessel umbilical cord.

A B

Figure 18-56 Dual-screen  ultrasound 
image showing power Doppler and 
2D imaging of a  hypercoiled umbili-
cal cord.
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Figure 18-57 Cord entanglement. A: Gross pathology photograph of a monoanmiotic twin placenta showing entanglement of the umbilical 
cords. Note the origin of each umbilical cord at the placental surface (arrows). B: Signifi cant entanglement of the twin umbilical cords is ap-
preciated in this monoamniotic placenta. (Images courtesy of Pathology Associates of Syracuse, Crouse Hospital.)

A B

Figure 18-58 Cord stricture. Postnatal photograph of a fetus with 
umbilical cord stricture. Note the long, narrow umbilical cord.

PATHOLOGY BOX 18-5

Conditions Associated with Mechanical Vascular 
Obstruction or Compression of the Umbilical Cord 
Vessels

Long umbilical cord
Narrow umbilical cord with diminished Wharton’s jelly
Stricture
Nuchal/body cords
True knots of the umbilical cord
Umbilical cord prolapse
Hypercoiled umbilical cord
Abnormal umbilical cord insertion into the placenta
• Velamentous cord insertion
• Vasa previa
• Succenturiate lobe

entanglement, a notch in the umbilical artery fl ow ve-
locity waveform may identify pregnancies at immediate 
risk for cord accidents and may be a useful clinical ap-
plication in the antepartum management of this unique 
situation. 3D ultrasound can be used to acquire volume 
data comprising information on umbilical color Dop-
pler fl ow, providing a very graphic depiction of the cord 
entanglement.60,67

Stricture of the umbilical cord occurs when there is 
localized narrowing of the cord with disappearance of 
Wharton’s jelly (Fig. 18-58). There will be associated 
torsion of the cord or thickening of the vessel walls 
with narrowing of the lumen. This often occurs with 
long umbilical cords and hypercoiled cords, and in 
highly active fetuses. Sonographically, it may present as 
narrowing of the cord close to the fetus with edematous 
area distal to the site.

SUMMARY

• The placenta increases in both volume and thickness 
as the gestation progresses.

• The normal placental thickness is between 2 and 4 cm.

• A bilobed placenta has connected areas of placental 
tissue.

• A succenturiate lobe has a location distant from the 
main placenta.

• Placental extension beyond the chorionic plate in-
cludes placenta circummarginate and circumvallate.

• Implantation of the placenta within 2 centimeters of the 
internal cervical os is considered a low-lying  placenta.

• Placenta accreta results with invasion of the chori-
onic villi into the myometrium.
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• Placental abruption has a limited diagnosis with ul-
trasound.

• Amniotic band syndrome is the rupture of fetal mem-
branes with entrapment of fetal parts.

• Uterine synechiae are extra tissue outside the amni-
otic sac without fetal entrapment.

• Placenta mesenchymal dysplasia mimics a molar 
pregnancy.

• The average umbilical cord length is 55 cm (21.7 in).

• The normal umbilical cord insertion is at the placen-
tal disk and at the fetal midabdomen.

• Wharton’s jelly covers the outside of the umbilical 
cord.

• An umbilical cord with an SUA is associated with an 
increased incidence of chromosomal anomalies.

• The presence of more than three umbilical cord 
 vessels has a relationship to conjoined twins and 
singleton pregnancies with multiple anomalies.

• A history of uterine surgery increases the risk of pla-
centa accreta development.

• Anechoic structures inferior to the chorionic plate 
with real-time imaging of swirling jets are normal pla-
cental lakes.

• Hypoechoic fi brin deposits are a normal fi nding in 
the placenta.

• Small hypoechoic hemorrhagic areas within the pla-
centa occur in half the pregnancies at midterm.

• Massive subchorionic hematoma and thrombosis of 
the placenta is a rare occurrence called a Breus’ mole.

• IUGR has an association with placental infarction.

• Large chorioangiomas, vascular malformations of 
the placenta, have an association with multiple fetal 
complications.

• Placental and cord teratomas have a similar cellular 
makeup seen with this tumor in other areas of the 
body.

 1. A thick placenta images during a routine obstet-
ric examination. Explain the signifi cance of this 
fi nding. Describe the placental, maternal, and fetal 
conditions that coexist with a thick placenta.
ANSWER: A thick placenta measures greater than 
4 cm at the midportion and may be a nonspecifi c 
fi nding. Usually, a thick placenta is of no concern; 
however, placental or fetal hydrops, fetal growth 
restriction, maternal infection, diabetes or anemia, 
transfusion syndromes, placental or fetal masses, 
and placental vascular obstruction may result in this 
fi nding.

 2. A 36-year-old G4P2A1 patient presents to the depart-
ment with complaints of bright spotting. This non-
smoking patient had a lower segment emergency 

Critical Thinking Questions
cesarean section with her second pregnancy and 
dilation and curettage with her miscarriage. What 
is the most likely differential for the fi nding on this 
longitudinal low image? What further steps would 
confi rm the diagnosis?
ANSWER: This image demonstrates a placenta previa 
on the anterior lower segment of the uterus. This 
patient has had a lower segment cesarean section 
resulting in a scar at the same level as the placenta. 
Combined with her history of a dilation and curet-
tage, anteriorly located placenta, and advanced 
maternal age, the most likely diagnosis would be 
placenta accreta. The next step would be to provide 
color or power Doppler images of the placenta to 
evaluate for turbulent fl ow at the myometrial/placen-
tal boundary.

A B
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sional sonography of placental mesenchymal dysplasia 
and its differential diagnosis. J Ultrasound Med. 2009;28:
359–368.

 27. Salzani A, Yela DA, Gabiatti JR, et al. Prevalence of  uterine 
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• Umbilical vein curvature to the left side indicates a 
possible persistent right umbilical vein.

• The umbilical cord varix is a focal dilatation within 
the umbilical vein that is greater than 9 mm.

• The complete absence of the umbilical cord results in 
limb–body wall complex.

• Abnormal cord insertions into the placenta include 
marginal insertion, velamentous insertion, vasa pre-
via, and furcated insertion.

• Abnormal cord insertions into the fetal abdomen are 
either due to an omphalocele or gastroschesis.

• Cysts of the umbilical cord can be either true cysts or 
pseudocysts.

• Color Doppler helps identify a nuchal cord.

• Cord prolapse occurs at birth if the cord presents be-
fore the fetus.

• UCI calculations help identify  fetuses at risk for an 
adverse outcome.

• Monochorionic/monoamniotic twins have an in-
creased incidence of umbilical cord entanglement.

• Torsion or vessel wall thickening of the umbilical 
cord is the result of cord strictures.
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  19  Sonographic Assessment of the 
Fetal Neural Tube Structures 
 Susan Raatz Stephenson and Roa M. Qato 

 KEY TERMS 

 microcephaly  |  microcephaly  |  hypotelorism  |  hypertelorism  |  microphthalmia  |  
macroglossia  |  micrognathia  |  cleft lip  |  cleft palate  |  meroanencephaly  |  
hydranencephaly  |  holoprosencephaly  |  agenesis of the corpus callosum  |  
Dandy-Walker malformation  |  schizencephaly  |  lissencephaly  |  cephalocele  |  
iniencephaly  |  Arnold-Chiari malformation  |  ventriculomegaly  |  hydrocephalus  |  cystic 
hygroma  |  choroid plexus cysts  |  porencephaly  |  intracranial hemorrhage  |  aneurysm 
of the vein of Galen, spina bifi da  |  scoliosis  |  kyphosis  |  caudal regression syndrome  |  
sacrococcygeal teratoma 

 OBJECTIVES 

 Explain embryonic development of the face, brain, and neural tube 

 List the normal anatomic landmarks for biometry of the cerebellum, ventricles, orbits, 
and cisterna magna 

 Associate biochemical testing values to the risk of open and closed neural tube 
defects 

 Classify cleft lip and palate defects 

 Identify the meroanencephalic fetus 

 Differentiate the Arnold-Chiari malformation from the Dandy-Walker malformation 

 Relate sonographic features to discussed face, neck, head, and spinal defects. 

 Classify the different forms of spina bifi da 

 Recognize the effect on spinal development with a hemivertebrae or caudal 
regression syndrome 

 Dysgenesis Abnormally formed organs 

 Dysmorphic Malformation of an organ or structure 

 Dolichocephaly Long narrow head 

 Ectasia Dilatation or distention of a hollow structure 

 Gastroschisis Herniation of abdominal contents with-
out a covering into the amniotic fl uid 

 Lipoma Tumor composed of fat 

 Lymphangiectasia Combination of nonimmune fetal 
hydrops and a cystic hygroma 

 Nares Nostrils 

 Neuropore Either the rostral or caudal end of the 
neural tube 

 Nomogram Graph 

 GLOSSARY 

 Anophthalmia Congenital absence of one or both eyes 

 Brachycephaly Short broad head due to premature 
suture fusion 

 Cebocephaly Congenital anomalies of the head due to 
teratogens or development disruptions of the nervous 
system 

 Clinodactyly Abnormal position of the fi ngers or toes 

 Colpocephaly Congenital brain anomaly resulting from 
a migrational defect of the occipital horns of the lateral 
ventricles leading to ventricular enlargement 

 Conus medullaris Terminal portion of the spine caudal 
to lumbar vertebrae 1 and 2 

 Cryptorchidism Failure of one or both testis to descend 
from the abdomen into the scrotal sac 
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 Pluripotent Ability of embryonic cells to differentiate 
into any type of cell 

 Rachischisis Complete exposure of the spinal cord due 
to lack of spinal fusion 

 Retrognathia Posterior displacement of the maxilla 
and mandible 

 Rostral Toward the cephalic or head end 

 Teratogen Substance that interferes with embryonic 
development 

 Vermis Central portion of the cerebellum between the 
hemispheres 

 Meningocele Spinal defect where the meninges pro-
trude 

 Myelomeningoceles (aka myelomeningocele) Protru-
sion of a sac from a spinal defect which contains spinal 
cord and meninges 

 Myeloschisis Incomplete fusion of the neural tube 
resulting in a cleft spinal cord 

 Omphalocele Herniation of the abdominal contents 
with a membranous cover 

 Pathognomonic Disease characteristic 

 Some of the most common congenital abnormalities 
involve the central nervous system. These occur in ap-
proximately one to two cases per 1,000 births. 1  Some 
studies have revealed an incidence as high as one in 
100 births. 2  Because of the frequency of  neural tube 
defects, a comprehensive and systematic  approach to 
sonographic examination of the complex region of the 
head, neck, and spine becomes important. Early detec-
tion of fatal and nonfatal fetal anomalies allows pa-
tients to make early decisions regarding the pregnancy. 

 Each section in this chapter begins with an explana-
tion of the normal embryogenesis of the brain, face, 
or neural tube. A basic protocol for examining the 
neural axis, pausing at various points to provide a de-
tailed description of observed anatomy, provides the 
examination foundation for neural tube structures. In 
the second part of this review, a discussion of various 
abnormalities of the fetal head, neck, and spine allow 
for recognition of congenital anomalies. 

 EMBRYOLOGY OF THE BRAIN 
 Neural plate development completes at approximately 
days 18 to 23. 1,2  During the endovaginal exam, a hy-
poechoic region within the echogenic decidua identifi es 
the coelomic cavity of the gestational sac. At approxi-
mately 6 menstrual weeks the neural tube differentiates 
into the primitive brain and spinal cord. Three segments 
make up the brain: the prosencephalon (forebrain), the 
mesencephalon (midbrain), and the rhombencephalon 
(hindbrain) (Fig. 19-1). Identifi cation of these primary 
vesicles occurs at approximately 7 to 8 weeks, with the 
rhombencephalon imaging as an anechoic structure in 
the fetal head (Fig. 13-17). 5  

 The forebrain becomes the telencephalon and dien-
cephalon, resulting in the development of the thalami, 
third ventricle, cerebral hemispheres, and the lateral ven-
tricles. Invagination of the choroid plexus into the ven-
tricles results in almost complete fi lling of the anechoic 
ventricles with the hyperechoic plexus (Fig. 13-18). 1,3  
As the brain develops, the choroid plexus takes its posi-
tion in the posterior area of the lateral ventricles. 

 The metencephalon and myelencephalon arise from 
the anechoic rhombencephalon. The upper portion of 
the fourth ventricle, pons, and cerebellum originate from 
the metencephalon, whereas the medulla and rest of 
the fourth ventricle originate from the  myelencephalon. 

 Anatomy such as the corpus callosum, cerebellar 
vermis, sulci, gyri, migration of the germila matrix, 
and myelination, develop after 15 weeks’ gestation. 5  
Even later, at about 18 to 20 weeks, development of the 
corpus callosum completes. 5  This includes the boxlike 
cavum septum pellucidum (CSP). Brain sulci and gyri 
image by 28 weeks; however, some of the larger sulci 
may image earlier. 5  

 Many structures develop between week 3 and 16, re-
sulting in this time frame being identifi ed as the critical 
period of brain development. 2  The rapid growth of the 
brain throughout gestation and the fi rst 2 years of life 
allows for teratogens or nutritional defi cits to infl uence 
the brain. 2  The causes of congenital anomalies are not 
well understood, though an association with several envi-
ronmental factors has been found. These include lack of 
folic acid (shown to correlate with an increase in central 
nervous system anomalies) 4  and exposure to  Toxoplasma 
gondii  and high levels of radiation (Table 19-1). 2  

Figure 19-1 The three primary brain vesicles. The rostral end of the 
neural tube differentiates to form the three vesicles that give rise to 
the entire brain. This view is from above, and the vesicles have been 
cut horizontally so that we can see the inside of the neural tube.

Rostral

Prosencephalon
or forebrain

Mesencephalon
or midbrain

Rhombencephalon
or hindbrain

Caudal
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TABLE 19-1

Embryonic Development Chart for the Brain, Spine, and Face.1–3,76,77

Days Post-ovulation/
Carnegie Stage

Undifferentiated 
Neural 
Development Brain Spine Face Embryo Size

First Trimester

16 days/7 Neural crest cells 
  organize in the 

neural tube

0.04 cm

18 days/8 Ectoderm has 
  become the 

neural plate, 
which develops 
the neural groove

0.1–0.15 cm

22 days/10 Brain folding 
  beginning 

in stage 9 
continues

Neural folds begin 
  to fuse forming 

the neural tube

Cells which 
  become eyes 

and ears appear 
lateral to the 
neural folds

0.15–0.3 cm

24 days/11 Forebrain 
  completely 

closed

Vasculature to the 
 spine develops

Stomodeum 
 develops

0.25–0.3 cm

26 days/12 
  Brain and spine 

combined form the 
largest portion of 
the embryo

Forebrain 
  continues 

growing

Neural tube 
  completely 

closed

Facial arches 
  appear; eye 

and ear begin 
forming

0.3–0.5 cm

32 days/14 
  Gestational 

sac seen with 
ultrasound

Ridges develop 
  separating 

the midbrain, 
forebrain, and 
hindbrain

Mandibular arches 
  and nasal plate 

develop

0.5–0.7 mm

36 days/15 Brain increased in 
  size by 1/3 from 

stage 14, fourth 
ventricle forms

Rostral (cephalic) 
  neuropore 

closes

Mandibular 
  prominence 

fuses, external 
ears and nasal 
pits begin to 
appear

0.7–0.9 mm

38 days/16 Cerebral 
  hemispheres 

and hindbrain 
begin to 
develop

Caudal neuropore 
 closes

Mandible 
  demarcates, 

nasal pits 
rotate ventrally, 
median palatine 
process appears

0.9–1.1 cm

43 days/17 
  Embryo with heart 

beat images with 
ultrasound

Teeth buds form, 
  palatine 

processes in 
a horizontal 
position

1.0–1.3 cm

52 days/21 Eyes developed 
  but still on 

lateral head, ears 
low set, tongue 
development 
completes

1.7–2.2 cm

57 days/23 
  Imaging of neural 

tube possible with 
ultrasound

Palate and nasal 
  septum begin 

fusion, ear 
formed

2.3–2.6 cm

(continued)
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TABLE 19-1 (continued)

Embryonic Development Chart for the Brain, Spine, and Face.1–3,76,77

Days Post-ovulation/
Carnegie Stage

Undifferentiated 
Neural 
Development Brain Spine Face Embryo Size

Second trimester

10 weeks Formation 
  complete, brain 

size increases to 
6.1 cm

Eyelids fused, 
  intermaxillary 

segment 
continues fusion

3.1–4.2 cm

12th week Head about 
 half CRL

Palate fusion 
 completes

6.1 cm

14th week Development 
  and ossifi cation 

of dorsal spinal 
components

Philtrum of lip 
 forms

16 weeks Eyes and ears 
  move to fi nal 

location
28 weeks Gyrus and sulci 

 begin forming

 ANATOMIC LANDMARKS AND 
BIOMETRY 
 AXIAL VIEWS OF THE HEAD 

 Biparietal Diameter Level 
 The fetal biparietal diameter (BPD) was the fi rst sono-
graphic measurement used to determine gestational 
age. 6  Initially defi ned as the widest distance between 
the parietal eminences, the BPD measurement levels 
are consistent between medical facilities. Basically, any 
plane of section through a 360-degree arc that passes 
through the thalami and third ventricle is acceptable 
for measuring the BPD (Fig. 19-2B). 1  Thus, the anatom-
ic landmarks that delineate the longest BPD show the 
thalamic bodies (which appear somewhat oval) or the 
cavum septum pellucidum (which is outlined by two 
short anterior lines parallel to the midline) or both. 6  
Other structures commonly observed in the same plane 
and near the midline are, from posterior to anterior; 
the great cerebral vein, or vein of Galen, and its ambi-
ent cistern sitting above the cerebellum, 3  the midbrain, 
the third ventricle between the thalami, and the frontal 
horns of the lateral ventricles. Laterally placed in the 
same plane are the spiral hippocampal gyri 4  posteriorly 
and the bright paired echoes of the insulae with pulsat-
ing middle cerebral arteries. 

 To obtain a properly measured BPD, orient the 
transducer in two planes: perpendicular to the parietal 
bones and positioned at the correct cephalocaudal po-
sition to intersect the third ventricle and thalami. Cal-
len 1  describes three sonographic rules for obtaining the 
BPD. The fi rst two criteria defi ne the precise plane of 
section, while the third describes the proper end points 

of measurement. First, the correct plane of section is 
through the third ventricle and thalami. Second, the 
calvaria are smooth and symmetric bilaterally. Third, 
position the cursors in one of the three following ways: 
outer edge of near calvarial wall to inner edge of far 
calvarial wall, inner edge of near calvarial wall to outer 
edge of far calvarial wall, or the middle of the near 
calvarial wall to the middle of the far calvarial wall. 1,5  

 The BPD maintains its closest correlation with ges-
tational age in the fi rst and early second trimester. 
However, this accuracy is lost in the third trimester be-
cause of variations in the shape of the fetal skull. As 
the  pregnancy progresses and the head conforms to the 
pelvis, the result is either a doliochocephalic or brachy-
cephalic head shape. 1  The head circumference (HC) or 
head perimeter is shape independent and can be used 
as an alternative measurement (Fig. 19-2A,C). 

 Microcephaly/Microencephaly 

 The literal meaning of microcephaly is “small head.” 
Its diagnosis, therefore, is based on biometry rather 
than on morphology. Consequently, diagnosis requires 
accurate dating. Although different biometric stan-
dards have been described to defi ne microcephaly, 
a reliable indicator is a head perimeter two to three 
standard deviations or more below the mean for ges-
tational age. 1,5  

 Identifying fetal microcephaly can be challenging. 
Since head measurements alone may be hampered by 
incorrect dating or intrauterine growth restriction, al-
ternative measurements have been described to aid in 
the diagnosis. A nomogram of head circumference as 
a function of gestational age has been shown to be of 
great predictive value in the diagnosis of microcephaly. 1  
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A B

C

Figure 19-2 A: The brachycephalic fetal head has a shortened 
 occipital-frontal distance and a larger BPD. The slitlike third  ventricle 
(arrow) images between the anterior portion of the two thalami. 
B: The normal-shaped head demonstrating the hypoechoic thalamus 
(stars). This is the main indicator for the BPD and HC  measurement 
 level. C: The long narrow head, dolichocephaly, would result in a 
smaller than gestational age BPD measurement and a lengthened 
occipital-frontal distance.

Further aids to diagnosis include nomograms of ratios 
of head circumference to abdominal circumference and 
of femur length to head circumference. Multiple fetal 
measurements should be used for greater accuracy. 5  
Nonetheless, both high false positive and false negative 
diagnoses occur frequently. Since the predictive value 
of ultrasound biometry has signifi cant limitations, a 
qualitative evaluation of the intracranial structures is a 
necessary supplement to making the diagnosis. 3  

 Microcephaly is featured sonographically by a typi-
cal disproportion in size between the skull and the face. 
The forehead slopes and the brain is small, with the 
cerebral hemispheres affected to a greater extent than 
the diencephalic and rhomboencephalic structures. Ab-
normal convolutional patterns, including macrogyria, 
microgyria, and agyria are frequently found, and the 
ventricles may be enlarged. Microcephaly is frequently 
found in cases of porencephaly, lissencephaly, and ho-
loprosencephaly. 1  

 Microcephaly is not considered a single  clinical en-
tity, but rather it is a symptom of many etiologic dis-
turbances. It may be associated with environmental 

factors such as prenatal infections (e.g., rubella, cy-
tomegalovirus) or prenatal exposure to drugs or 
chemicals (e.g., alcohol, hydantoin). It also may be 
associated with genetic factors such as chromosomal 
abnormalities (e.g., aneuploidy) or single-gene defects 
(e.g., Bloom syndrome). 

 The prognosis for microcephaly varies, but most af-
fected infants have a signifi cantly increased risk of neu-
rologic compromise, and there is a correlation with the 
size of the head. In general, the smaller the head, the 
worse the prognosis. As with other malformations, 
the association with other anomalies increases the like-
lihood of a poor outcome. Risk of recurrence depends 
on underlying causes. 

 Macrocephaly 

 Macrocephaly or “large head” is defi ned as a head 
circumference two to three standard deviations above 
the mean for gestational age and sex. 3  Most often, an 
enlarged ventricular system (hydrocephalus) or other 
intracranial anomalies result in macrocephaly. In such 
cases, the person is usually severely retarded. 1  
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traces the waveform typically underestimates the true 
peak velocity (Fig. 27-9). 10  

 Cerebellar Level 
 The cerebellum may also visualize in a plane parallel 
and inferior to the BPD level. Once they are located, 
the cerebellar structures are obtained through rotation 
of the transducer inferior to the BPD plane. Imaging of 
the cerebellum, with its brightly echogenic, centrally 
placed vermis and two relatively nonechogenic hemi-
spheres resembling a peanut, indicate the correct mea-
surement level. The midbrain may be seen in front of 
the vermis. Measurement of the cisterna magna is ob-
tained through placement of calipers anteroposteriorly 
in the midline, between the vermis and the inner table 
of the occipital bone. 3  Anything less than 10 mm is con-
sidered a normal measurement (Fig. 19-3). 

 Biometry 

 Between 16 and 24 weeks of gestation, the transverse 
cerebellar diameter measured in millimeters correlates 
1:1 with the gestational age. Even in cases of suspected 
intrauterine growth retardation (IUGR), the relation-
ship of this transverse diameter to gestational age holds 
steady and can be relied on for dating due to brain 
sparing. 1  This diameter becomes useful with the fetus 
 occiput anterior. This is due to the closeness of the pos-
terior fossa to the transducer and in cases of abnormal 
fetal head shape. Imaging the cerebellar hemispheres 
on the axial view provides the easiest identifi cation for 
the lateral placement of measurement calipers. 11  

 Lateral Ventricle Level 
 In an endovaginal approach, the lateral ventricles can 
be clearly seen by 12 to 13 weeks as ovoid structures 
largely fi lled with choroid plexus. Using the transab-
dominal approach, the lateral ventricles readily image 
by 16 weeks’ gestation as paired anechoic areas within 

 Internal Carotid Artery Level 
 Another important area for evaluation located at a 
plane parallel but inferior to the BPD is the level of the 
internal carotid artery. From the BPD, the transducer is 
moved in a parallel plane toward the base of the skull 
until the cerebral peduncles, the most rostral portions 
of the midbrain, appear. An oblique cross-section of the 
internal carotid artery is obtained at the division of the 
middle and anterior cerebral arteries, which lie anterior 
to the cerebral peduncles. 

 The middle cerebral artery (MCA), a major branch of 
the circle of Willis in the fetal brain, is a critical struc-
ture to visualize, as it carries more than 80% of cere-
bral blood fl ow and thus can be used to assess fetal 
well-being. 8  It is simple to access, and therefore is the 
best-studied cerebral artery. It is best visualized in a 
transverse plane at the base of the skull (Fig. 27-7). 

 Doppler evaluation of the MCA has been shown to 
be a useful adjunct in the evaluation of the growth-
restricted fetus, particularly when the pulsatility index 
of the MCA is compared to that of the umbilical artery. 
High-resistance umbilical artery blood fl ow appears to 
precede a compensatory, or brain-sparing, cerebral vaso-
dilatation seen in intrauterine growth restriction caused 
by placental insuffi ciency. The presence of a normal pul-
satility index in the carotid artery with a high-resistance 
umbilical artery waveform suggests maintenance of 
normal cerebral circulation. As fetal hypoxia worsens, 
the internal carotid artery pulsatility index decreases. 8  
Recently, Mari et al. 9  have noted that the peak MCA ve-
locity was a better predictor of perinatal death than an 
elevated pulsatility index in the same vessel. 

 To obtain the MCA peak velocity, image the fetal head 
in a transverse plane. To prevent a false elevation peak 
due to fetal heart accelerations, interrogate the MCA dur-
ing a period of fetal apnea and absent fetal movement. 
Color or power Doppler aids in identifi cation of the MCA 
overlying the anterior wing of the sphenoid bone near 
the base of the skull. Use an angle of insonation less 
than 15 degrees; typically, moving the transducer on the 
maternal abdomen helps obtain an angle of incidence 
closer to zero degrees. Sonographers usually use the fe-
tal MCA closest to the anterior uterine wall; however, 
acceptable sampling occurs in the contralateral MCA. 
To obtain the sample, place a 2-millimeter (mm) pulsed 
Doppler gate over the vessel just as it bifurcates from the 
carotid siphon.  Peripheral placement of the gate results 
in a falsely low peak value. Take at least three measure-
ments, using the highest as the fi nal value. During the 
measurement, adjust the Doppler baseline on the dis-
play close to zero; change the pulse repetition frequency 
(PRF) to change the approximate peak velocity and thus 
the displayed scale. These adjustments optimize the ap-
pearance of the waveform, making the true peak veloc-
ity discernible. Use the electronic calipers to measure 
the peak systolic; automated measurement software that 

Figure 19-3 The cerebellum (Dist 1) and cisterna magna (Dist 2) lie 
on the same plane, allowing for simultaneous measurements.
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plexus (Fig. 19-4). A normal measurement should not 
exceed 10 mm, which is said to be two to three standard 
deviations from the norm (Fig. 19-5). 13  

 Base of the Skull Level 
 The base of the skull level may be identifi ed by an 
echogenic “X” formed by the lesser wings of the sphe-
noid bone and the petrous pyramid. These bony ridges 
demarcate the anterior, middle, and posterior fossa. 

 CORONAL AND SAGITTAL VIEWS OF 
THE HEAD 
 Transabdominal imaging allows for imaging of fetal in-
tracranial anatomy on the coronal and sagittal planes; 
however, previously described fetal or maternal factors 
may limit visualization of structures. In recent years, 
proponents of endovaginal sonography have been able 
to obtain intracranial images in coronal and sagittal 
planes similar to those used in the evaluation of the neo-
natal brain. In a technique described by Monteagudo 

the brain substance. The ventricle farthest from the 
transducer has better defi nition because of the lack of 
reverberation artifacts, which often obscure the anat-
omy of the closer hemisphere. The lateral wall of the 
ventricle visualizes consistently as the fi rst echogenic 
line on the distal edge of the echo-spared ventricle. The 
medial wall of the ventricle is visualized less consis-
tently. A prominent echogenic area is often seen with-
in the lateral ventricle, which represents the choroid 
plexus, a highly vascular epithelial proliferation arising 
within the ependyma of the ventricle that produces and 
reabsorbs cerebrospinal fl uid. 

 In early fetal life, the ventricular system fi lls a large 
portion of the developing brain and has the form of two 
smooth, curved tubes joined above the third ventricle. 
As gestation progresses, the shape of the ventricular sys-
tem increasingly resembles the normal adult brain, oc-
cupying a decreasing proportion of the brain’s volume. 
This evolution has been documented sonographically by 
several authors who have generated nomograms com-
paring the width of the lateral ventricle to the width of 
the cerebral hemisphere at various  gestational ages. 1,3,5  

 Biometry 

 In 1988, Cardoza and colleagues introduced the mea-
surement of the lateral ventricle’s width at its atrium 
located at an axial plane angled just superiorly to the 
BPD. 12  Because atrial width does not change during 
pregnancy, this technique obviates the need for ac-
curate menstrual dating. It also is the earliest site of 
ventricular dilatation in developing hydrocephalus. The 
atrium can be readily seen at the level of the BPD; how-
ever, the widest measurement is usually obtained in a 
view that demonstrates the continuity of the atrium of 
the lateral ventricle with the occipital horn. Measure 
the widest diameter of the atrium through the choroid 

Figure 19-4 Transverse scan of the fetal head, demonstrating the 
lateral ventricle’s atrium in continuity with the occipital horn. This is 
usually the view in which the widest diameter of the atrium can be 
measured (calipers) through the choroid plexus (CP). IH, interhemi-
spheric fi ssure.

Figure 19-5 Schematic drawing of normal ventricles and intracra-
nial anatomy on the transverse view. 1: At this level the periventricu-
lar lines image within the cerebrum. 2: The choroid plexus images 
within the ventricles. 3: The BPD and HC measurement level. 4: Level 
for measurement of the cerebellum, cistern magna, and nuchal fold. 
2–4: Recommended as part of a routine obstetric examination in the 
second and third trimester. ACP, choroid plexus; CSP, cavum sep-
tum pellucidum; FH, frontal horn; LV, lateral ventricle; MB, midbrain; 
OH, occipital horns; Th, thalamus; TV, third ventricle. (Reproduced 
with permission from Nyberg DA, Pretorius PH. Cerebral malforma-
tions. In: Nyberg DA, Mahony BS, Pretorius DH, eds. Diagnostic 
 Ultrasound of Fetal Anomalies; Text and Atlas. Chicago: Year Book; 
1990:83–145.)
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horns of the lateral ventricles demonstrates the inter-
hemispheric fi ssure, the corpus callosum crossing the 
midline, the cavum septi pellucidi, and the third ven-
tricle straddled by the thalami (Fig. 19-6). Early in the 
second trimester, the fi ssure appears relatively straight. 
As new sulci and gyri develop with advancing gesta-
tion, the interhemispheric fi ssure becomes irregular. 
The hypoechoic area between the skull and the cerebral 
cortex represents the subarachnoid space. This space 
diminishes in size throughout gestation as the cerebral 
cortical matter expands to fi ll the cranial vault. A pos-
terior coronal plane images the occipital horns of the 
lateral ventricles. In this last view, the cerebellum visu-
alizes inferior to the fourth ventricle and superior to the 
cisterna magna (Fig. 19-7). 

and colleagues, a 5.0- to 6.5-megahertz (MHz), slowly 
advanced endovaginal transducer allows imaging of the 
fetal brain. Once the transducer aligns with the anterior 
fontanel, placement of the examiner’s free hand on the 
abdomen just above the symphysis pubis helps manipu-
late the vertex fetal head to bring the anterior fontanel 
into contact with the transducer. Rotating the transducer 
90 degrees produces coronal and sagittal sections. 14  

 CORONAL SECTIONS 

 A series of consecutive coronal sections from anterior 
to posterior visualizes the corpus callosum, ventricular 
system, and normal interhemispheric relationships. A 
coronal section passing through the level of the anterior 

Figure 19-6 Schematic representation for obtaining coronal scans of the second- and third-trimester fetal head through the acoustic window 
of the anterior fontanel. Plane 1: anterior to the corpus callosum; plane 2: at the level of the anterior horns of the lateral ventricle; plane 3: at 
the level of the third ventricle; plane 4: posterior plane through the peduncles; plane 5: the posterior coronal plane through the occipital horns. 
CC, corpus callosum; AH, anterior horns of the lateral ventricle; CSP, cavum septi pellucidi; 3V, third ventricle; C, cerebellum; OH, occipital horn 
of the lateral ventricle; CG, cingulate gyrus. (Reprinted with permission from Monteagado A, Timor-Tritsch IE, Reuss ML, et al. Transvaginal 
sonography of the second- and third-trimester fetal brain. In: Timor-Tritsch IE, Rottem S, Eds. Transvaginal Sonography. 2nd ed. New York: 
Elsevier; 1991:393–426.)
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posterior, and temporal horns—cannot be seen in a sin-
gle plane. If all segments image in a single plane, this 
suggests ventricular dilatation. The bright echogenic 
arc separating the caudate nucleus from the thalamus 
images on the parasagittal view. This is known as the 
caudothalamic groove, which lies posterior to the ger-
minal matrix. The germinal matrix, a highly vascular 
tissue in the ependyma of the lateral ventricle, only im-
ages when abnormal. Most intracranial hemorrhages 
originate in this area in the preterm neonate. 

 THE FACE 
 ORBITS AND EYES 

 A transverse axial scan slightly caudal to the one com-
monly used for determination of the biparietal diam-
eter easily reveals orbits and eyes. Measurement of the 

 SAGITTAL AND PARASAGITTAL SECTIONS 

 By 18 to 20 weeks’ gestation, the corpus callosum is near-
ly fully developed. In a midsagittal section, it appears as a 
prominent, semilunar structure composed of three parts, 
from front to back: the genu, the body, and the splenium 
(Fig. 19-8). Above and below the corpus callosum are the 
cingulate gyrus and the sonolucent cavum septi pellucidi, 
respectively. The posterior fossa contains the cerebellum, 
the fourth ventricle, and the cisterna magna. The midsag-
ittal view also helps in evaluation of the cerebral hemi-
spheres, surface contour. During the second trimester, the 
surface is smooth. Echodense lines on the cerebral cortex, 
seen in the third trimester, represent new gyri and sulci. 

 Parasagittal sections taken to the right or left of mid-
line allow study of the anterior horns and bodies of the 
lateral ventricles. Normally, all the various segments 
of the lateral ventricle—the body and the anterior, 

Figure 19-7 A coronal image through the 
posterior fetal brain correlating with plane 4 
in Figure 19-6. (Image courtesy of  Siemens 
Medical, Mountain View, CA.)

Figure 19-8 The acquisition of a 3D 
data set allows for a  tomographic 
sequential display of fetal brain 
structures on the sagittal plane. This 
sequence demonstrates the corpus 
callosum. (Image courtesy of Philips 
Medical Systems, Bothell, WA.)
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branch of the ophthalmic artery and may image within 
the fetal globe (Fig. 9-11). 

 EARS 

 Sonography easily images the pinna of the ear and the 
development of its cartilages. 17  Visualization of the 
ears increases with the use of a three-dimensional (3D) 
 surface rendering. 1,3  The pinna is initially smooth but 
becomes increasingly ridged as gestation progresses 
(Fig. 19-12). Occasionally, even the basal turn of the 
cochlea or superior semicircular canal found within the 
petrous portion of the temporal bone may be imaged. 17  
Studies have found that ear length follows a  linear 
growth pattern, resulting in the use of length as an al-
ternative biometric measurement. 3  

 LOWER FACE 

 The nares and upper lip visualize in a coronal scan 
(Fig. 19-13), and the face can be searched for cleft lip 
or palate. Fetal swallowing and tongue motion image 

distance between the bony orbits may be useful for de-
termining gestational age and searching for abnormal-
ly spaced orbits. Hypotelorism or closely spaced orbits, 
and hypertelorism, wide spaced orbits image on this 
plane. 16  Depending on the position of the fetal head, 
gestational age determination through the use of the 
inner and outer orbital distances allows for an alterna-
tive dating measurement in the absence of malformed 
cranial structures. Figure 19-9 illustrates the technique 
for obtaining these measurements. The outer orbital 
distance is the more valuable measurement because 
it is the larger of the two measurements and thus has 
a greater range of normal variation across gestational 
age compared to the inner orbital distance. This in-
creases confi dence concerning the normality of a given 
measurement. 

 The ciliaris muscles and zonular fi bers outlining the 
lens of the fetal eye image as a circular area on the front 
of the globe (Fig. 19-10). On occasion, the vitreous hu-
mor, extraocular muscles, and the ophthalmic artery 
and nerve may be recognized. 17  The hyaloid artery is a 

Figure 19-9 Axial image demonstrating the 
technique for measuring outer orbital and 
inner orbital diameters. Note the circular 
lens seen in each eye. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)

Figure 19-10 Coronal view of the fetal face 
demonstrating the lens (arrow) within the 
 orbit. (Image courtesy of Philips  Medical 
Systems, Bothell, WA.)
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Figure 19-11 The hyaloid artery (arrow) extends from the ophthal-
mic artery located within the optic nerve to the posterior lens. This 
vessel usually regresses before birth when the need for blood sup-
ply to the developing lens is no longer needed. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)

easily during the routine sonographic examination. The 
fetal profi le (i.e., a midline sagittal view) verifi es the 
shape and position of the nose and chin, as well as the 
contour of the face (Fig. 19-14). Isaacson and Birnhoz 
described a method to document normal fetal breathing 
by demonstrating color fl ow due to amniotic fl uid mo-
tion through the fetal nares (Fig. 19-15). 18  

Figure 19-12 Smooth pinna of the fetal ear at 18 weeks’ gestation.

A B

Figure 19-13 A: Coronal scan of the fetal face demonstrating the nares (open arrow) and the upper lip (arrow). B: 3D 
surface  rendering of the face allows for scrutiny of the upper lip to rule out clefting. (Sonographic images courtesy of 
GE Healthcare, Wauwatosa, WI.)

 THE NECK 
 During the neck examination, careful study of the sur-
face contours helps rule out a variety of lesions that 
may extend from this area. As early as the 18th week of 
gestation, the cervical structure size allows for the de-
tailed investigation of cervical structures. Coronal im-
ages are considered best for evaluating structures of the 
fetal neck. 15  The centrally located trachea and the more 
peripherally located carotid bifurcation images within 
the substance of the neck (Fig. 19-16). Visualization of 
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Figure 19-14 The midline profi le of this fetus allows for visualization 
of the normal profi le, maxilla (arrow), and nasal bone (open arrow). 
(Sonographic image courtesy of GE Healthcare, Wauwatosa, WI.)

Figure 19-15 Axial view of the fetal face demonstrating fetal 
breathing through the use of color Doppler. (Image courtesy of Phil-
ips Medical Systems, Bothell, WA.)

the carotid artery and other structures may be diffi cult 
because of fl exion of the head and an unfavorable posi-
tion of the fetus. 

 THE SPINE 
 SONOGRAPHY OF THE FETAL SPINE 

 An appreciation of the variability in the shapes of the 
vertebral bodies and the changing sonographic appear-
ance of the spine during gestation is necessary to differ-
entiate small defects of the spine from normal anatomic 
variations. 1,2  The fetal spine images as individual verte-
brae, with three brightly echogenic ossifi cation centers 
in the transverse plane by the 16th week of gestation. 
Two of these ossifi cation centers lie posterior to the spi-
nal canal within the laminae, and one is anterior within 
the vertebral body (Fig. 19-17). 

Figure 19-16 A coronal view demonstrating both carotid arteries 
(red) and jugular veins (blue). (Sonographic image courtesy of GE 
Healthcare, Wauwatosa, WI.)

 The systematic examination of the spine begins with 
a transverse sweep of the transducer along the entire 
length of the spine. Three types of scanning planes help 
with the evaluation of spinal integrity: transverse, coro-
nal, and sagittal. 

 The spinal anatomic confi guration changes depend-
ing on the level. This becomes evident while obtaining 
vertebral images on the transverse planes. Three ossifi -
cation centers surround the neural canal. Beginning at 
the cervical level, the posterior ossifi cation centers of 
the cervical vertebrae have a quadrangular shape. At 
the triangular thoracic and lumbar level, these image 
in an inverted triangle with the base toward the dor-
sum of the fetus. Finally, at the level of the sacrum, the 
posterior ossifi cation centers have a wider placement 
than the upper vertebrae (Fig. 19-18). The vertebral 
body, pedicles, transverse processes, posterior laminae, 

Figure 19-17 Transverse scan of the thoracic fetal spine at 18 weeks’ 
gestation demonstrating the two posterior (P) and one anterior 
(A) ossifi cation centers.
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and spinous process all image as echogenic structures, 
which improves as gestation progresses. In addition, 
the spinal canal and intervertebral foramina may be 
seen as anechoic areas. 

 The sagittal plane provides the classic spinal image 
demonstrating the spine, often in its entirety, as a paral-
lel structure ending in the pointed sacrum (Fig. 19-19). 
These parallel lines represent the two ossifi cation cen-
ters, the vertebral body and posterior arch. The fetus in 
the prone or supine position  allows imaging on a true 
sagittal image when directing the  sonographic beam 
through the unossifi ed spinous processes. This plane 
images the neural tube in the fi rst trimester and the spi-
nal cord during the remaining trimesters. In the second 
and third trimester, the conus medullaris images at the 
second and third lumbar spine level. 1  

 In the coronal plane, the two echogenic posterior 
ossifi cation centers can be followed progressively from 
the cervical region to the base of the spine (Fig. 19-20). 
The posterior ossifi cation centers are normally parallel 
to each other or converge as they are followed from the 
lumbar to the sacral regions. Divergence of the poste-
rior elements suggests abnormality, probably a menin-
gocele or meningomyelocele. 

 Determination of spinal normalcy is through identi-
fi cation of an intact neural canal, normal location and 
shape of spinal ossifi cation centers, and an intact dorsal 
skin contour. Imaging the conus medullaris on the sag-
ittal plane increases confi dence of normal spinal devel-
opment. An anatomic survey of the fetus includes, at a 
minimum, transverse (axial) and longitudinal views of 
the spine (Table 19-2). 1  

Figure 19-18 A: The transverse cervical spine taken at the level of the clavicles (C). B: The normal posterior sacral ossifi cation centers have a 
slightly wider spacing than the thoracic and lumbar spine. The iliac bone (arrow) helps identify the correct image level.

A B

Figure 19-19 A: Panoramic image of the fetal spine. C, cervical; T, thoracic; L, lumbar; S, sacrum. B: Terminal spine demonstrating nerve roots. 
(Image A courtesy of Philips Medical Systems, Bothell, WA; Image B courtesy of GE Healthcare, Wauwatosa, WI.)

A B
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Figure 19-20 A 3D reconstruction of the cervical and thoracic spine 
demonstrates a normal spinal column fl aring into the skull. (Image 
courtesy of Philips Medical Systems, Bothell, WA.)

 ANOMALIES OF THE FETAL HEAD, 
NECK, AND SPINE 
 There are myriad schemes for grouping and reviewing 
abnormalities of the fetal head, neck, and spine. This 
chapter uses characterization of visualized structures 

TABLE 19-2

Minimum Brain, Face, and Spine Views Obtained 
During the Sonographic Examination

 Plane Anatomy Imaged

Brain Axial - BPD  Thalami, third ventricle, 
  cavum septum 

pellucidum
 Axial - Cerebellum  Cerebellum, cisterna 

 magna, vermis
 Axial - Ventricles  Ventricles, choroid 

 plexus

Face Coronal - Face  Soft tissues of the nose, 
 lips, chin

 Sagittal - Profi le  Confi rm correct 
  symmetry of forehead, 

nose, lips, chin

Spine Axial  Document correct 
  location, ossifi ciation, 

and placement 
of the vertebral 
body, spinous and 
transverse processes 
at the cervical, 
thoracic, lumbar, and 
sacral spine

 Sagittal  Obtain views of 
  the spine from the 

cervical to sacral 
portions, confi rming 
slight widening at 
the cephalic end and 
tapering at the caudal 
end of the fetus

to form the basis for developing a diagnosis. The fol-
lowing four categories differentiate the types of anoma-
lies in this section: (1) absence of a structure normally 
 present; (2) herniation through a structural defect; 
(3) dilatation behind an obstruction; and (4) presence 
of an additional structure. 

 CLINICAL ASSOCIATIONS 

 Screening for neural tube defects includes not only so-
nography but also biochemical testing. Alpha-fetoprotein 
(AFP) is a glycoprotein secreted by the yolk sac and then 
by the fetal liver. AFP found in amniotic fl uid occurs ini-
tially through diffusion across immature skin, and later 
through secretion by the kidneys and thus in fetal urina-
tion. The fetus swallows the amniotic fl uid AFP, result-
ing in recirculation, with eventual degradation by the 
fetal liver. Maternal Serum AFP (MSAFP) levels occur 
through diffusion across the placenta and amnion. 

 Structural defects such as anencephaly or spina bi-
fi da result in higher levels of AFP entering the amniotic 
fl uid, leading to higher levels in the maternal serum. 
Levels of AFP are elevated in amniotic fl uid and mater-
nal serum only when such defects are open—that is, 
when the neural tissue is exposed or covered by only 
a thin membrane. Skin-covered or closed neural tube 
defects (NTDs) prevent AFP from escaping fetal circu-
lation, resulting in a normal amniotic AFP level. The 
MSAFP varies with gestation and therefore needs to be 
expressed as multiples of the median (MoM). Typically, 
2.5 MoM is used as the level for a positive screen. 3,19  

 It is important to note that AFP is elevated in condi-
tions other than NTD. Such disorders include other open 
fetal defects, such as omphalocele and gastroschisis, as 
well as skin disorders that increase diffusion of AFP 
through fetal skin. 2  Of note, fetuses with Down syndrome 
have been shown to have a lower mean MSAFP. 2,20  

 FETAL FACE 
 Facial images of the developing fetus are often one of 
the highlights for parents during the sonographic ex-
amination. Though often cute, these images provide 
valuable information into congenital anomalies of not 
only the face but related anatomy. Utilization of basic 
face embryology allows for understanding of the origin 
of not only congenital facial anomalies but often co-
existing cardiac malformations, holoprosencephaly, or 
syndromes. 3,15  

 Improved ultrasound technology allows for the study 
of smaller parts of the fetus, such as the orbit and lens. 
It is now possible to evaluate the orbit and lens early in 
the second trimester of pregnancy to help rule out vari-
ous genetic diseases or malformations through obser-
vation of fetal eye movement abnormalities. The fetal 
orbit images as an echogenic circle of the lens within 
an echolucent globe. 2  
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Figure 19-21 Differentiation of the telencephalon. A: As development proceeds, the cerebral hemispheres swell and grow posteriorly and 
laterally to envelop the diencephalon. B: The olfactory bulbs sprout off the ventral surfaces of each telencephalic vesicle.
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 Lens and orbit diameters, circumferences, and sur-
faces have been shown to be signifi cantly correlated 
with gestational age, and thus may be used to detect 
orbital anomalies. 22  

 EMBRYOLOGY OF THE EYE 

 The eyes develop as lateral projections from the telen-
cephalon called optic vesicles at approximately day 28. 
By the end of the fi rst month, these become optic cups 
positioned at the end of an optic stalk. This structure 
progresses to the lens placode (the developing eye), 
lens pit, pigmented eye, and then fi nally the eye at ap-
proximately 48 days. Early in gestation the primitive eye 
structures lie on the lateral portion and dorsal to what 
becomes the fetal face. As the facial structures migrate 
to midline the eyes follow suit, locating in the normal 
location by the end of the fi rst trimester (Fig. 19-21). 2  

 Hypotelorism is a decreased interorbital distance and 
is almost always found in association with other severe 
anomalies, most commonly with holoprosencephaly. 3  
Prognosis for these fetuses and neonates is poor due to 
the associated anomalies. 15  

 Hypertelorism is an increased orbital distance, occur-
ring in either isolation, with malformations, or as part 
of a syndrome. Extreme cases of hypertelorism increase 
the chances of mental retardation, often accompanying 
other facial malformations such as orbital teratomas, 
anterior encephaloceles, median cleft face syndrome, 
cleft lip, and agenesis of the corpus  callosum. 15,23  Syn-
dromes associated with increased orbital distance in-
clude Apert, Crouzon, Noonan, Pena-Shokeir, and 
 Pfeiffer syndromes. 15,23  

 Microphthalmia demonstrates decreased orbit size, 
while absence of the eye is called anophthalmia. The 
latter is a pathologic diagnosis, as anophthalmia in-
cludes not only the orbit but the optic nerves, chiasma, 

and tracts. 15  Either a unilateral or bilateral process, 
microphthalmia is usually part of a  syndrome. 15,23  Mi-
crophthalmia can be an isolated anomaly due to chro-
mosomal abnormalities or intrauterine infections. 15  
Prenatal diagnosis of microphthalmia can be detected 
by ultrasound measurement of the orbit. 3  It is defi ned 
as an orbital diameter smaller than the 5th percentile 
for gestational age. 22  

 Macroglossia in a fetus images as the tongue extend-
ing beyond the teeth or alveolar ridge. 15  This protru-
sion may be due to either large size or hypotonia. 3  The 
profi le view of fetuses with trisomy 21 and Beckwith-
Weidmann syndrome image with macroglossia  during 
the sonographic examination. 3,15,23  It has also been 
seen in patients with hypothyroidism, storage diseases, 
neurofi bromatosis, genetic syndromes, and sublingual 
masses (Fig. 19-22). 15,23  

 Micrognathia is defi ned as a severely hypoplastic 
mandible. In 40% 15  of cases, micrognathia is an isolat-
ed fi nding, but it is also frequently seen as part of syn-
dromes such as Pierre Robin sequence and hemifacial 
microsomia (e.g., Treacher-Collins syndrome). Other 
associated malformations include skeletal dysplasias, 
aneuploidies such as trisomy 18 and 13 and other chro-
mosomal anomalies (e.g., gene deletions or transloca-
tions), and teratogen exposure (e.g., alcohol). 24  

 Fetuses with such mandible anomalies are at risk 
of acute neonatal respiratory distress, since the tongue 
may obstruct the upper airways and lead to suffoca-
tion at delivery. Antenatal recognition is critical. Vari-
ous ultrasound descriptions have been described but 
are mostly subjective, such as prominent upper lip and 
small chin; subjective impression of a small jaw or pos-
terior displacement of the mandible; or an unusually 
small mandible resulting in a receding chin. Some au-
thors have attempted to describe more objective mea-
sures of retrognathia and micrognathia. Rotten et al. 24  
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The paired mandibular processes (also originating 
from the fi rst arch) merge, resulting in the formation 
of the l ower face. 

 The maxillary and one of the fi ve prominences form-
ing the nose develop into the upper lip, incisors, and 
primary palate. Lack of fusion or persistence of the em-
bryologic grooves in either the maxillary or intermaxil-
lary segment (medial nasal prominence) leads to either 
a unilateral or bilateral cleft palate or lip. 1,2,3  One type of 
split occurs between the lateral incisors and the canine 
teeth in the paramesial position of the upper lip. Incom-
plete merging of the intermaxillary segments results in 
a midline cleft. 3  

 CLEFT LIP AND PALATE 

 Facial clefts are the most frequent craniofacial anoma-
lies and the second most common congenital malfor-
mation, accounting for 13% of all anomalies. Published 
incidence rates for the white population are 1 in 1,000 
births, with a higher incidence in males. 3,15,23  American 
Indian populations show a rate of 1:300, 3  with Asians 
at 1:600. 3  Persons of African descent have an incidence 
of clefting at 1:2,500, with a higher female incidence. 3,23  
These rates hold true only for the fetus with the cleft 
lip (CL)/cleft palate (CP) combination. Clefting defects 
found as an isolated malformation remain constant 
across ethnic groups. 3  

 Isolated CL may occur independently of chromo-
somal abnormalities; however, in the case of CL and 
CP, over half occur with other abnormalities, usually 
as part of a trisomy. 15,23  Approximately 350 syndromes 
have been linked with facial clefting, some of which 

describe the use of inferior facial angle and mandible 
width/maxilla width ratio to characterize fetal retrog-
nathic and micrognathic mandibles. Another proposed 
objective measure is described by Palladini et al. using 
the jaw index, which is computed as the ratio between 
the anteroposterior mandibular diameter and the bipa-
rietal diameter. 25  

 FACIAL CLEFTS 

 Embryology of the Lower Face 
 Facial development begins with neural crest cells mi-
grating into the head and neck area, forming the bra-
chial arches. There are a total of six sets of arches; four 
(also called pharyngeal arches) develop in the fourth 
and fi fth week of embryonic life. The fi rst set, some-
times called the mandibular arches, result in develop-
ment of the face. The second, or hyoid arch, develops 
into the muscles of the face. These arches represent 
mesenchymal tissue outpouchings, which develop lat-
eral to the pharynx and are separated by clefts. The 
fi rst pair of brachial arches surround the rudimentary 
mouth (stomodeum) at the end of the fourth week. 
This arch gives rise to the maxilla, mandible, incus and 
malleus of the middle ear, maxillary artery, and the tri-
geminal nerve. 2,3  

 Development of the face occurs during the fi fth 
week, beginning with the appearance of swellings 
called the frontal nasal prominences (Fig. 19-23). 
Forming what becomes the upper mouth, maxilla, and 
the nose, these prominences move from their lateral 
origins to the midline of the face. Fusion of this inter-
maxillary segment results in a normal facial structure. 

Figure 19-22 Macroglossia. A: Sagittal view in the third trimester shows macroglossia with protruding tongue (T) in a fetus who proved to have 
Beckwith-Wiedmann syndrome. B: 3D surface rendering of a fetus demonstrating an enlarged tongue protruding beyond the teeth. (Image 
A courtesy of L. Hill, MD, Pittsburgh, PA.)
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it extends from the nose to the oral rim, demonstrating 
any distortion of the upper lip and nose (Fig. 19-25). 
For an axial or transverse view to demonstrate the de-
fect, place the lower portion of the face closest to the 
transducer (anterior). An axial image of the maxilla 
helps in demonstration of the defect into the palate 
(CL-CP) (Fig. 19-26). To evaluate the defect exten-
sion into the face, angle the transducer to image the 
entire palate. Useful adjunctive fi ndings in the fetus 
with a CL include undulating tongue movements, 27  
 hypertrophied tissue at the edge of the cleft, 28  and hy-
pertelorism. 28  Color Doppler imaging may help in diag-
nosis of the clefts due to the distortion of the normal 
nasal architecture (Fig. 19-27). 

 Facial bone shadowing increases the diffi culty in 
diagnosing the isolated CP. 3D ultrasound (3DUS) has 
been shown to be superior to two-dimensional ultra-
sound (2DUS) for the prenatal diagnosis of CL and 
CP. Potential advantages of 3DUS over 2DUS include 

are lethal or include severe morbidity. 26  Even with this 
strong correlation to syndromes, 15  CL and CP is a mul-
tifactorial process, possibly resulting from teratogenic 
factors. 2  Club foot is the most frequent anomaly with 
the fi nding of an isolated CL or CP. 15  With the combi-
nation of CL and CP, polydactyly is the most common 
fi nding. Regardless of the clefting malformation, con-
genital heart disease is likely. 15  

 CP is a different process than the combination of pal-
ate and lip clefting. Approximately half are a combina-
tion of CL and CP, with a third as isolated CP, and the 
rest CL alone. 15,23  Females have a greater likelihood of 
an isolated CP, whereas males demonstrate the combi-
nation of CL/CP. 3  Cases of isolated CP and CL/CP are 
specifi c malformations differing in type. A posterior de-
fect of the posterior portion with an intact upper lip and 
anterior palate is considered a CP. 

 Classifi cation of clefting defects depends on the se-
verity of the malformation. Though this malformation 
occurs in any part of the face, most often the nostril and 
central posterior palate connect via the defect. 3  In se-
vere cases, CL/CP extends through the hard palate and 
alveolar ridge, involving the nasal cavity, and possibly 
the orbit (Fig. 19-24). 15  

 Obtaining an image on an anterior coronal or axial 
plane demonstrates CL by ultrasound. The coronal or 
tangential plane allows imaging of the linear defect as 

Figure 19-23 The face comes together when the fi ve swellings rotate together. The lower jaw solidifi es early, but the upper jaw, lip, and nose 
merge over a period of weeks. The middle of the upper lip is formed by continuation of the frontonasal prominence (A, B). The maxillary and 
mandibular swellings merge enough to reduce the breadth of the mouth (C). The pharyngeal arch and mesenchymal swellings rotate in con-
cert with expansion of the brain and rotation of the orbits toward stereoscopy (D). (From Sadler TW. Langman’s Medical Embryology. 10th ed. 
Baltimore: Lippincott Williams & Wilkins; 2006. Figure 16.22A,B, p. 263; Figure 16.23A,B, p. 264.)
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Figure 19-24 Classifi cation of com-
mon types of clefts. A: Normal. B: Uni-
lateral cleft lip (type 1). C: Unilateral 
cleft lip and palate (type 2). D: Bilateral 
cleft lip and palate (type  3). E: Median 
cleft lip and palate (type 4). Not shown 
are slash-type defects (type 5). (Adapt-
ed from Nyberg DA, Sickler GK, Hegge 
FN, Kramer DJ, Kropp RJ. Fetal cleft lip 
with and without cleft palate: US classi-
fi cation and correlation with outcome. 
Radiology. 1995;195:677–683.)
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Figure 19-25 The hypoechoic linear defect extends from the nostril 
to the lip. (Image courtesy of Philips Medical Systems, Bothell, WA.)

confusion with the mandibular ridge (Fig. 19-28). 15  
Because of the subtlety of facial changes in clefting 
malformations, varying 3D techniques describe diag-
nosis of cleft palate. Campbell et al. have described 
a technique called the 3D reverse face view. This 
technique consists of rotating the volume data set 
180 degrees around the vertical axis to examine the 
 secondary palate. 29  

 FETAL HEAD AND BRAIN 
 ABSENCE OF A STRUCTURE NORMALLY 
PRESENT 

 Meroanencephaly/Anencephaly/Acrania 
 Meroanencephaly designates the partial development 
of the brain, which describes the neural tube defect 
commonly described as anencephaly. Since the latter 
term describes a fetus without a brain, and in actu-
ality the fetus has some functioning brain tissue and 
a rudimentary brain stem, meroanencephaly correctly 
describes the malformation. 2  

 Meroanencephaly represents the most common neu-
ral tube defect, which is always lethal. Its incidence 

(1) the display of a true coronal view of the lips, even 
with a different acquisition plane; (2) ease in dem-
onstration of the teeth in the alveolar ridge of the 
maxilla; and (3) accurate localization of the maxillary 
tooth-bearing alveolar ridge decreasing the chance of 
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Figure 19-26 A: Normal palate (arrow). B: Unilateral CL-CP (arrow). (Image courtesy of Philips Medical Systems, 
 Bothell, WA.)

Figure 19-27 Normal and cleft palate. A: Color-fl ow imaging of normal fetus with respiratory activity shows amniotic fl uid in the nasopharynx, 
separated from the oral pharynx inferiorly by the intact palate. C: Similar view in a fetus with cleft palate shows the nasopharynx and oral phar-
ynx communicating in a single cavity. (Image courtesy of Gianluigi Pilu, MD, Bologna, Italy.)
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Figure 19-28 The B MPR view 
helps to confi rm the intact palate 
in this fetus (arrow), while the sur-
face rendering demonstrates the 
lip cleft. (Image courtesy of Philips 
Medical Systems, Bothell, WA.)

is approximately 1:1,000, with female predominance 
(4:1) and geographical variability. 3,23  There are two 
theories explaining the origin of how this defect occurs 
with basically the same outcome. One form of mero-
anencephaly is considered to arise from acrania as a 
consequence of disruption of abnormal brain tissue 
unprotected by the calvarium. 30  Acrania refers to the 
absence of the entire skull, including the skull base, 
thus only a thin layer, if any, covers the brain. Due to 
the abnormal structure and vascularization of the ex-
encephalic brain, degeneration occurs. 2  Another form 
results from the failure of the rostral (cephalic) neuro-
pore to close. 2  Though the mechanism of this malfor-
mation differs from a meroanencephalic fetus resulting 
from acrania, the differentiation may be merely aca-
demic as the sonographic appearance is quite similar 
as is the prognosis. 

 On ultrasound evaluation, acrania usually shows an 
abnormally shaped cephalic pole. Another feature that 
has been described in the late embryonic period be-
fore 10 weeks’ gestation is the altered appearance of 
the brain cavities, which have a decreased fl uid con-
tent and thus seem “empty.” 30  Sonographic diagnosis 
of anencephaly is usually possible in the early second 
trimester (10 to 14 weeks gestational age). 1  However, 
since ossifi cation of the skull vault is not always appar-
ent until 12 weeks’ gestation, anencephaly should not 
be diagnosed before this time. 19  In the fi rst trimester, 
ultrasound fi ndings include an absent cranial vault, re-
duced crown-rump length, exposed neural tissue with 
a lobulated appearance (exencephaly) or absent neu-
ral tissue, and a loss of the normal head contour with 

the orbits marking the upper limit of the fetal face in 
the coronal plane. 19  In the early second trimester, rudi-
mentary brain tissue (area cerebrovasculosa) covered 
by a membrane but not bone may be seen protruding 
from the base of the skull, and this gradually degener-
ates to the characteristic appearance of the fl attened 
head behind the facial structures. Facial views reveal 
prominent bulging eyeballs, giving a froglike appear-
ance (Fig. 19-29). In the late second to third trimester, 
associated polyhydramnios 3  usually develops, likely 
as a result of absent or ineffective fetal swallowing. A 
high degree of fetal activity is often observed. 23  Conven-
tional 2DUS is accurate in diagnosing anencephaly, and 
the sensitivity is virtually 100% after 14 weeks’ gesta-
tion. 3,31  3DUS has been shown to be equally effective in 
detecting  anencephaly. 32  

PATHOLOGY BOX 19-2

Sonographic Features of Meroanencephaly 
(Anencephaly)

Abnormally shaped cephalic pole
Absent neural tissue
Loss of normal head contour
Froglike eye appearance
Spinal defects
Omphalocele
Club foot
Cleft lip/palate
Polyhydramnios
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A B

C

Figure 19-29 A: Profi le of an anencephalic fetus demonstrating 
the lack of neural tissue above the orbits. B: Axial view of the orbits 
with bulging eyes creating the froglike appearance typical of the an-
encephalic face. C: 3D surface rendering of an anencephalic fetus. 
 (Images courtesy of Philips Medical Systems, Bothell, WA.)

 As with many lethal anomalies, the risk of recurrence 
in subsequent pregnancies, as with most polygenic or 
multifactorial anomalies, increases with the number of 
previously affected fetuses. 3  Associated malformations 
are common and include spina bifi da, cleft lip/palate, 
club foot, and omphalocele. As with other neural tube 
defects, a folic acid supplement greatly reduces the 
 occurrence. 3  

 Hydranencephaly 
 Complete or near complete absence of the cerebral cor-
tex characterizes hydranencephaly. 33  This rare congeni-
tal cerebral abnormality occurs in less than 1 in 10,000 
births. The thalami, lower brain centers, and cerebellum 
are usually intact. The etiology of hydranencephaly is 
unclear, but the lesion is thought to represent destruc-
tion of a previously normal brain that is subsequently 
replaced by fl uid. Causes of the third trimester brain 
destruction include maternal toxoplasmosis, 1,5  cyto-
megalovirus, 1,5  herpes simplex, 3  and carbon  monoxide 3  
exposure. Other reported causes include intrauterine 
occlusion of the middle cerebral 3  and internal carotid 

arteries. 1,5  The head may be small, of normal size, or 
extremely enlarged. 

 Prenatal diagnosis of hydranencephaly is suspected 
when there is a large fl uid collection in the head with 
no recognizable cerebral cortex. It can be differentiated 
sonographically from holoprosencephaly by identifying 
the presence of dural attachments and distinctly sepa-
rate thalami. In severe hydrocephalus, a rim of cerebral 
cortex around the cystic cavity and enlargement of the 
third ventricle may be visualized. 33  Color Doppler imag-
ing of the base of the brain demonstrates lack of fl ow 
in the anterior and middle cerebral arteries with normal 
posterior cerebral artery fl ow. 3  

 Holoprosencephaly 
 Holoprosencephaly describes a variety of abnormali-
ties of the brain and face due to incomplete  cleavage 
and rotation of the embryonic forebrain, 2,19  resulting 
in a single, centrally located ventricle and a missing 
falx (Fig. 19-30). 37  The relatively uncommon defect has 
multiple causes, such as poorly controlled maternal di-
abetes and teratogens (such as alcohol), which disrupt 
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 The prechordal mesoderm, an embryonic connective 
mass between the oral cavity and the undersurface of the 
neural tube, is thought to be responsible for both the di-
vision of the prosencephalon and the production of the 
nasofrontal process. Failure of the sagittal division of the 
prosencephalon is thought to result in holoprosencephaly 
(Fig. 19-33). 38  The nasofrontal process gives rise to the 
ethmoid, nasal, and premaxillary bones and to the vomer 

development in the third week. 2  In most cases, it is 
isolated and sporadic, whereas in other cases, chromo-
somal abnormalities have been found  (trisomy 13 and 
18 and polyploidy). Anatomic anomalies such as hy-
potelorism and other facial malformations accompany 
holoprosencephaly. 2  

 Holoprosencephaly is divided into alobar, semilobar, 
and lobar varieties, defi ned by the degree of separation 
of the cerebral hemispheres (Fig. 19-31). 37  The alobar 
form is the worst, showing no evidence of division of ce-
rebral cortex into separate hemispheres. Thus, the falx 
cerebri and interhemispheric fi ssures are absent and 
there is a single common ventricle and fused thalami. 37  
Alobar holoprosencephaly has been further categorized 
into the pancake, cup, and ball types (Fig. 19-32). The 
semilobar and lobar varieties represent greater degrees 
of brain development. The semilobar type demon-
strates partially separated brain, whereas the lobar type 
shows almost complete separation of the hemispheres, 
although the frontal horns of the lateral ventricles are 
fused, as are the thalami. 37  

Figure 19-30 The process of ventral induction in normal fetuses and 
in holoprosencephaly. In alobar holoprosencephaly, there is failure 
of brain cleavage and rotation, resulting in a monoventricular cavity.

Figure 19-31 Diagram of three morphologic types of alobar holo-
prosencephaly (and semilobar holoprosencephaly) in sagittal view. 
Pancake type: The fl attened residual brain mantle at the base of the 
brain with a correspondingly large dorsal sac. Cup type: This type 
has more brain mantle but it does not cover the monoventricle. The 
dorsal sac communicates widely with the monoventricle. Ball type: 
Brain mantle completely covers the monoventricle, and a dorsal sac 
may or may not be present. Th, thalami; V, ventricle. (Modifi ed from 
McGahn JP, Ellis W, Lindfors KK, et al. Congenital cerebrospinal fl u-
id-containing intracranial abnormalities: sonographic classifi cation. J 
Clin Ultrasound. 1988;16:531–544.)

Figure 19-32 The many faces of holoprosencephaly. From top, left 
to right, cyclopia, ethmocephaly, cebocephaly, median cleft lip and 
palate, and bilateral cleft lip and palate.

Figure 19-33 Alobar holoprosenceplaphaly demonstrating a single 
common ventricle ( V ), compressed cerebral cortex (C), and promi-
nent thalamus ( T ). (Image courtesy of Philips Medical Systems, Both-
ell, WA.)
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and the nasal septum. Failure of these structures to de-
velop normally can result in varying degrees of hypo-
telorism, CL and CP, and nasal malformation. Therefore, 
individuals with holoprosencephaly often have associ-
ated midline facial anomalies. Certain facial anomalies 
are characteristic of the alobar and semilobar types of 
holoprosencephaly and are rarely encountered in the lo-
bar form. Cyclopia, the presence of a single median bony 
orbit with a fl eshy proboscis above it, is the most severe 
malformation. In cebocephaly, hypotelorism is associated 
with a normally placed nose but with a single nostril. The 
diagnosis is also suggested by the presence of median 
cleft lip and microcephaly. The abnormally small head 
is usually present owing to decreased cortical mass, but 
macrocephaly may be seen if hydrocephalus develops. 36  

 The prognosis of the holoprosencephalies depends 
largely on the form. The alobar forms of holopro-
sencephaly carry a poor prognosis. Recurrence rates 
 increase with associated chromosomal abnormalities 
or autosomal recessive and, rarely, autosomal domi-
nant genetic syndromes. The severe forms are usually 
associated with neonatal death. Some of the mildest 
forms (single front incisor) may have mild to moderate 

mental retardation and are at risk for pituitary dysfunc-
tion. Prognosis is also related to associated anomalies. 
Termination can be offered for the severe cases (semilo-
bar, alobar). Cases diagnosed in utero with lobar holo-
prosencephaly have also had extremely poor neurologic 
development (Fig. 19-34). 36  

 Agenesis of the Corpus Callosum 
 The corpus callosum is a large neural commissure con-
necting the two cerebral hemispheres. This structure 
begins development at about 12 weeks, originating 
from the lamina terminalis at the anterior portion of the 
third ventricle. This bundle of fi bers connects the two 
hemispheres, developing from anterior to posterior. The 
two septi pellucidi and cavum septi pellucidi associate 
with the corpus callosum as development progresses. 5  

 Agenesis of the corpus callosum (ACC) is a rare con-
genital disorder in which there is a complete or par-
tial absence of the corpus callosum. 1,2  Development 
of this structure completes at about 20 weeks, making 
earlier diagnosis diffi cult. 5  It can occur as an isolated 
anomaly, but 80% of cases are associated with other 
anomalies such as trisomy 13 and 18, hydrocephalus, 

PATHOLOGY BOX 19-3

Sonographic Features of Holoprosencephaly

Alobar Semilobar Lobar

Absence of septum pellucidum
Fusion of the frontal horns
Variable fusion of the cingulated gyrus
DWC
Enlarged posterior fossa
High tentorium
Upward displacement of the lateral 
 sinuses
Torcular heophili
Vermian aplasia or hypoplasia
Cystic dilatation of the fourth ventricle
Dandy-Walker variant
Vermian hypoplasia
Cystic dilation of the fourth ventricle
Normal posterior fossa
Mega cisterna magna
Enlarged cisterna magna
Normal cerebellar vermis and fourth 
 ventricle
Arachnoid cyst
Anterior displacement of the fourth 
 ventricle and cerebellum
Signs of Arnold-Chiari malformation
Cisterna magna absent
Banana-shaped deformation of the 
 cerebellum
Lateral ventricular dilatation

Single ventricle
Prominent fused thalami
Crescent-shaped frontal cortex
Abscent falx, corpus callosum, 
 interhemispheric fi ssures
Cyclopia
Median cleft lip
Hypotelorism
Ethmocephaly
Cebocephaly
Microcephaly

Posterior partial separation of 
 hemispheres and ventricles
Incomplete fusion of the 
 thalami
Rudimentary occipital horns
Microcephaly
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Dandy-Walker complex, Arnold-Chiari malformation, 
and holoprosencephaly. 5  Aicardi syndrome is specifi c 
to females with ACC and results in mental retardation, 
seizures, spinal malformations, and retinal lesions. 
Multiple studies confi rm the association with ACC and 
genetics, teratogens, schizophrenia, prematurity, and 
maternal age. 5,40–42  

 Ultrasound diagnosis of ACC requires several planes 
of study. At the BPD level, the cavum septi pellucidi are 
absent and the third ventricle, now occupying the usual 
space of the cavum septi pellucidi, appears widened. 

Figure 19-34 A: Axial view of the fetal brain demonstrating the characteristic teardrop shape of the ventricle ( V ) seen with agenesis of the 
corpus callosum. B: Coronal T2-weighted image through the brain at 19 weeks’ gestation demonstrates agenesis of the corpus callosum and 
high-riding third ventricle. (Image A courtesy of Philips Medical Systems, Bothell, WA.)

A B

Figure 19-35 MPR images of the 
large posterior fossa seen with 
the Dandy-Walker malformation. 
 (Image courtesy of GE Healthcare, 
Wauwatosa, WI.)

Because of the absence of the corpus callosum, the third 
ventricle rides high and may be visualized at the lateral 
ventricle level. There is disproportionate enlargement of 
the occipital horns, resulting in a characteristic teardrop 
appearance of the lateral ventricles (termed colpoceph-
aly), which also display laterally displaced medial walls 
and widened atria (Fig. 19-35). 3  Endovaginal sonography 
has proved a useful adjunct to improve the diagnosis of 
complete or partial agenesis of the corpus callosum. The 
pathognomonic lesion is the “sunburst” lesion seen on 
midsagittal section, representing radial orientation of the 
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gyri and sulci to the third ventricle rather than paral-
leling the absent corpus callosum. 5  Certain ultrasound 
features may not be seen until late in gestation, therefore 
diagnosis cannot always be made at the usual time of 
anatomy scan (16 to 22 weeks of gestation). 3  Color Dop-
pler imaging aids in confi rming the abnormal course of 
the cingulated and pericallosal arteries. 3,5  

 ACC is frequently a part of syndromes or multiple 
malformations, thus prognosis depends on associated 
anomalies. The isolated ACC child has a normal to 
borderline intellectual development 2,5  and may suffer 
from seizures as the only symptom. 2,3  Studies indicate 
a progressive decrease in intelligence and diffi culties in 
school as the child matures. 3,39  

 Dandy-Walker Malformation 
 The term Dandy-Walker complex (DWC) refers to a 
continuum of abnormalities of the posterior fossa that 
are distinct entities themselves—Dandy-Walker malfor-
mation, Dandy-Walker variant, and mega cisterna mag-
na. 43  Differentiation between the malformations may 
not be possible with imaging studies. It is believed that 
the three categories of this malformation are a progres-
sion of developmental anomalies that are grouped un-
der the term Dandy-Walker complex. 45  Dandy-Walker 
malformation, the most severe form, is a rare anomaly 
of the posterior fossa that consists of marked cystic dil-
atation of the fourth ventricle, which may fi ll much of 
the posterior fossa, complete or partial agenesis of cer-
ebellar vermis, and elevated tentorium. Dandy-Walker 
variant is a less severe form referring to a partial agen-
esis of the vermis without a large dilated cystic fourth 
ventricle. Mega cisterna magna demonstrates a normal 
cerebellar vermis, and fourth ventricle. 43  

 DWC abnormalities are a group of sporadic brain 
malformations that results from dysgenetic develop-
ment of the roof of the rhombencephalon and not from 
a failure of formation of the outlets of the fourth ventri-
cle, as was previously thought. 44  They can occur as an 
isolated fi nding or in association with a wide range of 
different malformations and genetic syndromes. There 
is a 1:3 male to female ratio. The prognosis depends on 

PATHOLOGY BOX 19-4

Sonographic Features of Agenesis of Corpus 
 Callosum

Absent cavum septi pellucidi
Wide high third ventricle
Teardrop-shaped ventricle
Widened ventricular atria
Laterally displaced ventricles
Sunburst appearance of gyri and sulci
Abnormal appearance of the cingulated and pericallosal 
 arteries with color Doppler imaging

the specifi c abnormality. As an isolated fi nding, mega 
cisterna magna carries a good prognosis with a high 
chance of normal neurodevelopmental outcome. 5,43  
On the other hand, the majority of pregnancies with a 
Dandy-Walker malformation or Dandy-Walker variant 
end in termination. This is because fetuses with these 
abnormalities have poor outcomes, even as isolated 
fi ndings. 43,44  

 During the sonographic exam, obtaining images on 
the median plane begins the diagnostic process. Sagittal 
and coronal planes demonstrate the superior displace-
ment of the cystic fourth ventricle, displacement of the 
frequently hypoplastic cerebellar vermis, and elevation of 
the tentorium above its normal position. The compressed 
cisterna becomes a potential space between the dilated 
fourth ventricle and the dura mater. The hypoplastic, an-
terolaterally displaced cerebellum images anterior to the 
large posterior fossa cyst. Hydrocephalus, although fre-
quently seen in cases of Dandy-Walker malformation, is 
not necessary for the diagnosis (Fig. 19-36). There may 
also be spina bifi da, 5  CL/CP, 3  and absence of the corpus 

Figure 19-36 Frontal deformities (arrows) often referred to as the 
“lemon sign.” V, ventricles. (Image courtesy of Philips Medical Sys-
tems, Bothell, WA.)

PATHOLOGY BOX 19-5

Sonographic Features of Dandy-Walker Complex

Dandy-Walker  Dandy-Walker Mega Cisterna
Malformation Variant Magna

Marked cystic 
  dilation of 

the fourth 
ventricle

Complete or 
  partial 

 agenesis of 
cerebellar 
vermis

Elevated 
 tentorium

Partial agenesis 
 of the vermis
Normal sized 
 fourth 
ventricle

Normal 
  cerebellar 

vermis
Normal fourth 
 ventricle
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TABLE 19-3

Normal Values (Mean � SD) of the Cerebellar Vermis

 Anteroposterior Superoinferior  
Gestational Age Diameter (mm) Diameter (mm) Circumference (mm) Area (cm2)

21–22 10.6 � 1.4 11.1 � 1.1 43.8 � 3.3 0.9 � 0.2
23–24 12.9 � 1.1 12.3 � 1.4 47.5 � 5.5 1.2 � 0.2
25–26 13.5 � 2.1 13.6 � 0.3 50.9 � 4.4 1.4 � 0.2
27–28 16.3 � 2.7 13.0 � 1.6 58.9 � 6.8 2.0 � 0.5
29–30 17.5 � 2.2 17.7 � 2.1 64.7 � 6.5 2.3 � 0.4
31–32 19.0 � 1.9 19.2 � 1.1 70.7 � 6.9 2.8 � 0.4
33–34 19.2 � 1.9 21.2 � 2.3 72.7 � 8.3 3.0 � 0.8
35–36 21.4 � 1.5 19.8 � 1.0 77.6 � 5.1 3.4 � 0.3
37–38 22.1 � 3.8 23.0 � 4.6 80.7 � 9.9 3.9 � 1.4
39–40 25.7 � 2.3 25.0 � 2.6 86.7 � 7.0 4.9 � 0.7

Adapted from Malinger G, Ginath S, Lerman-Sagie T, Watemberg N, Lev D, et al. The fetal cerebellar vermis: normal development as shown 
by transvaginal ultrasound. Prenat Diagn. 2001;21:687–692.

callosum, 46  to name a few of the congenital malforma-
tions accompanying the DWC. 

 Due to incomplete development of the posterior 
fossa, the diagnosis of a Dandy-Walker malformation 
occurs after 18 weeks’ gestation. 3  Measurement of the 
posterior fossa from the posterior cerebellum to the an-
terior, internal portion of the skull is less than 10 mm 
in the normal fetal brain. 3,47  The cisterna magna size 
changes with gestational age, as indicated in Table 19-3. 
In a case of mega cisterna, the cerebellum  measurement 
is greater than 10 mm; however, the ventricles measure 
within normal limits. 5  

 Schizencephaly 
 Schizencephaly is a cerebral developmental disorder 
that involves disordered neuronal migration. 5  This 
results in unilateral and bilateral clefts in the cere-
bral hemisphere. 48  It is manifested on ultrasound by 
 fl uid-fi lled clefts that are lined by gray matter within 
the cerebral cortex. There is a strong association be-
tween absent cavum septum pellucidum and absence 
of corpus callosum with schizencephaly. 5,48  

 Lissencephaly 
 Lissencephaly is a rare cortical dysplasia that results 
from impaired neuronal migration during the 12th and 
16th weeks of gestation. 52  Failure of neuronal migration 
into the cerebral cortex results in a broad spectrum of 
anomalies. Depending on the point in gestation at which 
the disruption takes place, the fetal cortex can completely 
lack sulci and gyri (lissencephaly), 5  can have very few gyri 
(pachygyria), 5,34  or have very small gyri (microgyria). 35  
The migrational process may be arrested by environmen-
tal factors (ischemia, teratogens), but a genetic predisposi-
tion is clearly present at least for some anomalies. 1  

 An absence or paucity of gyri results in the charac-
teristic smooth cerebral surface seen with lissenceph-
aly. Other cranial and noncranial abnormalities may 

also occur in association with lissencephaly. The prog-
nosis is often poor and is manifested by mental retar-
dation, seizures, and often death in infancy or early 
childhood. 49  Other cranial and extracranial abnormali-
ties also may occur in association with lissencephaly 
such as minimal or no hydrocephalus, a wide cortical 
mantle, and characteristic dysmorphic features. 50  

 Sulci remain smooth until about 20 weeks’ gestation, 
making sonographic diagnosis diffi cult in the fi rst half 
of pregnancy. 50,52  Because of the lack of opercularization 
of the insulate, diagnosticians assumed that abnormali-
ties of sulcal development could not be diagnosed until 
the seventh month. 1,5  The earliest gestational ages at 
which specifi c sulci could be seen in all fetuses ranged 
from 18.5 to 27.9 weeks’ gestation. 1,51  

 The inability to identify sulcations beyond 28 weeks 
raises concern. 1,5,51  In the third trimester, the occurrence 
of polyhydramnios associated with IUGR is an expected 
fi nding. Facial dysmorphism is characterized by promi-
nent foreheard, short nose, broad and fl at nasal bridge, 
and protuberant upper lip. It is associated with duode-
nal atresia, urinary tract abnormalities, congenital heart 
defects, cryptorchidism, inguinal hernia, clinodactyly, 
and ear anomalies. 5,50  

 The prognosis is poor and usually involves severe 
mental retardation, failure to thrive, infantile spasms, 
and seizures; death occurs usually within the fi rst 2 to 
6 years of life. 5  Since the ultrasound diagnosis is not 
usually made until the third trimester, termination is 
not an option. Standard prenatal care is not altered. 50  

 HERNIATION THROUGH A STRUCTURAL 
DEFECT 

 Cephalocele/Encephalocele 
 Cephaloceles are protrusions of the meninges and 
frequently of brain substance through a defect in the 
cranium. 1  The term encephalocele describes a lesion 
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containing brain tissue. A cranial meningocele is 
the protrusion of the meninges only through the de-
fect. Occipital lesions make up 80% of cephaloceles 
in  Caucasians of European descent. 1,3  The frontoeth-
moidal region is the common location for cephaloceles 
in southeastern Asia populations. 1  The least common 
form, parietal cephaloceles, occur with signifi cant un-
derlying brain abnormalities. 1  

 Although cephaloceles usually result from a defect 
in neural tube closure, and thus are isolated abnormali-
ties, they may also occur as part of a genetic or nonge-
netic syndrome. They may be seen in the amniotic band 
syndrome or in association with various malformation 
syndromes (i.e., amniotic band, cerebellar dysgenesis, 
cryptophthalmos, syndrome, Meckel syndrome, etc.). 3  

 Sonographically, a cephalocele appears as a para-
cranial mass not covered with bone. 1  Imaging a skull 
defect is the only method to defi nitively diagnose a 
cephalocele. However, visualization of a small defect 
may be diffi cult. In the presence of a defect, determi-
nation of the position is achieved through the use of 
the bony structures of the face and spine, and through 
identifi cation of brain anatomy. Microcephaly results 
when a large portion of the brain extrudes through a 
defect. 3  Hydrocephalus develops because of impaired 
cerebrospinal fl uid circulation. 23  When brain tissue her-
niates, the result is a saclike complex mass due to the 
contained solid brain tissue. Ultrasound has not been 
particularly reliable in differentiating between menin-
goceles and encephaloceles when there is only a small 
amount of contained brain tissue. 

 Routine sonography, occasionally aided by endovagi-
nal technique, must attempt to differentiate cephaloceles 
from such simulators as cystic hygroma, hemangiomas, 
teratomas, and branchial cleft cysts. 3  Indirect clues can 
assist the diagnosis. Cranial cephaloceles are very often 
associated with ventriculomegaly. Furthermore, cystic 
hygromas arise from the region of the neck, have multiple 
internal septations and a thick wall, and are often associ-
ated with generalized soft tissue edema and hydrops. 5  
Encephaloceles, in general, carry a poor prognosis. Pure 
meningoceles may have a more favorable prognosis. 

 Iniencephaly 
 Iniencephaly is a rare anomaly in which there is a de-
fect in the occiput of the cranium involving the foramen 
magnum with marked retrofl exion of the fetal head and 
frequently a shortened spine. This malformation occurs 
at approximately the third week of gestation, the same 
time as the anencephalic and included rachischisis of 
the cervical and thoracic spine. 3  Diagnosis is based on 
visualization of the markedly retrofl exed neck, such 
that the cranium may still be viewed during transverse 
scanning of the fetal thorax, and on an inability to vi-
sualize the entire spine. 3  Other associated anomalies 
include hydrocephalus, encephalocele, diaphragmatic 
hernia, and omphalocele. 3  

 Arnold-Chiari Malformations 
 The Arnold-Chiari malformations are a group of anoma-
lies of the hindbrain prolapsing below the level of the 
foramen magnum. The incidence is about 1 in 1,000 
births and often has accompanying spina bifi da with 
meningomyelocele or myeloschisis, and hydrocepehaly. 2  

 There are four types of Arnold-Chiari malformations. 
Usually an incidental computed tomography fi nding, type 
I is a mild form where the cerebellar tonsils displace more 
than 4 mm into the foramen magna and the posterior 
fossa contains the fourth ventricle. 52  Type II is a congeni-
tal deformity characterized by displacement of cerebellar 
tonsils, parts of the cerebellum, fourth ventricle, pons, 
and medulla oblongata through the foramen magnum 
into the spinal canal. 52  Hydrocephalus and myelomenin-
goceles accompany the type II malformation in over 90% 
of cases. 52,53  Type III is the most severe form and is associ-
ated with large herniation of the posterior fossa contents 
with myelomeningocele and hydrocephalus. 57  The most 
important of these is the Chiari type II malformation, 
which is rarely found without the accompanying spina bi-
fi da. 52,57  Type IV accompanies the hypoplastic cerebellum 
with further herniation of the brain into the spinal canal. 78  

 On ultrasound, Chiari type II has a variable displace-
ment of a tongue of tissue derived from the inferior 
cerebellar vermis into the upper cervical spinal canal. 
 Displacement of the cerebellum inferiorly changes its 
shape and effaces the cisterna magna, thereby produc-
ing the characteristic sonographic fi nding, the “banana 
sign.” 52  This refers to the fl attened, centrally curved, ba-
nanalike appearance of the cerebellar hemispheres. There 
is a similar caudal displacement of the medulla and fourth 
ventricle. In extreme cases, the cerebellar hemispheres 
may be absent from view during fetal head scanning. 

 The cranial fi ndings associated with the Chiari II mal-
formation are found exclusively in fetuses with myelo-
meningocele. 3  Therefore, identifi cation of features of the 
Chiari II malformation virtually ensures the presence of 
a myelomeningocele. Although the dominant features of 
the Chiari II malformation relate to the hindbrain, many 
supratentorial abnormalities have also been described. 
Included in these are callosal dysgenesis, a small third 
ventricle, enlarged interthalamic adhesions, a “beaked” 
tectum, polymicrogyria, heterotopias, skull deformities 
(the “lemon” sign), 3   colpocephaly, and other causes of 
ventriculomegaly (Fig. 19-37). 56  Important among these 
is ventriculomegaly, because visualization of the lateral 
ventricle is required on all routine sonograms. However, 
ventriculomegaly is considerably less common before 24 
weeks than after 24 weeks in fetuses affected with myelo-
meningocele. 56  Therefore, supratentorial abnormalities are 
also important in the prenatal recognition that myelome-
ningocele is present. A major sign that has been discussed 
is the “lemon sign.” During the second trimester, a scal-
loping of the frontal bones can be seen in axial section of 
the head, giving a lemonlike confi guration to the skull of 
an affected fetus. 53  The caudal displacement of the cranial 
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 Although an abnormally increased head circumfer-
ence or BPD may suggest the diagnosis of ventricu-
lomegaly, examination of the intracranial contents is 
necessary for accurate diagnosis. Enlargement of the 
ventricles and cerebrospinal fl uid displacement of the 
choroid plexus results in a process termed the “dan-
gling choroid plexus.” This choroid plexus displace-
ment within the enlarged lateral ventricle precedes 
cranial enlargement and is encountered with many 
different cerebral anomalies. 3  To determine normalcy 
of the ventricle, sonographers obtain measurements of 
the internal width of the atrium of the lateral ventricle 
at the level of the choroid plexus glomus. 3,5  Normally, 
the measurement is less than 10 mm; a value between 
10 to 15 is considered mild ventriculomegaly. Severe 
ventriculomegaly measures greater than 15 mm and 
is often associated with intracranial malformations. 5,58  
An alternate delineation has classifi ed mild as 10 to 
12 mm and moderate as 12.1 to 15 mm. This is due 
to the poor outcome for ventricles measuring greater 
than 12 mm. 1,3,59  

 Aqueductal stenosis, a congenital obstruction to fl ow 
of cerebrospinal fl uid through the aqueduct of Sylvius 
connecting the third and fourth ventricles, accounts 
for 43% of cases, communicating hydrocephalus ac-
counts for 38%, and Dandy-Walker malformations ac-
counts for 13%. 5  Other causes include agenesis of the 
corpus callosum, arachnoid cysts, and arteriovenous 
malformations such as a vein of Galen aneurysm. 1  
 Ventriculomegaly is also known to be associated with 
chromosome disorders and intrauterine infections. 58  

 Cystic Hygroma 
 Fetal lymphatic vessels normally drain into two large sacs 
lateral to the jugular veins. If these jugular lymph sacs fail 
to communicate with the venous system, they may enlarge 
as they fi ll with lymph and form cystic hygromas. 2,15  This 
failure in lymphatic drainage may accompany hydrops 
fetalis, resulting in a process called lymphangiectasia. 63  

contents within the pliable fetal skull is thought to pro-
duce this scalloping effect. However, the lemon sign is fre-
quently not present in later pregnancies and can be seen 
in healthy fetuses and in other conditions. 3,53,56  Callen et al. 
have also described an abnormality in the shape of the oc-
cipital horn in fetuses with myelomeningocele as having a 
pointed contour instead of the normal rounded contour. 56  

 Dilatation Behind an Obstruction 
 Ventriculomegaly and Hydrocephalus 

 Ventriculomegaly, an abnormal increase in the volume of 
the cerebral ventricles, has many different causes and is 
a nonspecifi c fi nding. 1  Ventriculomegaly may be caused 
by intraventricular or extraventricular obstruction, a 
relative decrease in the amount of brain substance, or, 
rarely, an increase in cerebrospinal fl uid production. The 
term hydrocephalus describes ventriculomegaly, with in-
creased intracranial pressure and head size. 5  Hydroceph-
alus is frequently associated with spina bifi da. 3  

PATHOLOGY BOX 19-6

Sonographic Features of Arnold-Chiari Malformations

Type I Type II Type III Type IV

Displacement of cerebellar  Inferior displacement Large herniation Cerebellar
 tonsils more than 4 mm   of the cerebellar  of posterior  hypoplasia
 into the foramen magna  tonsils, fourth  fossa contents  with further
  ventricle, pons  into the foramen  herniation into
  and medulla  magnum,   the spinal
  oblongata through  myelomeningocele,   canal
  the foramen  hydrocephalus
  magnum into the
  spinal canal.
 Displacement of the
  cerebellum results
  in the banana sign.
 Lemon sign
 Myelomeningocele

Figure 19-37 Enlarged ventricles allow the choroid to move to-
ward the dependent portion of the brain, resulting in a “dangling 
choroid.” C, choroid. (Image courtesy of Philips Medical Systems, 
Bothell, WA.)
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Cystic hygromas appear as either single or multiloculated 
fl uid-fi lled cavities. The most common location is in the 
lateral neck region, but they can be seen in the chest, 
axilla, and other areas (Fig. 19-38). 15  

 There is an association between cystic hygromas and 
many chromosomal anomalies and anatomic defects. 
Autosomal trisomies and trisomy 21 demonstrate an in-
creased incidence of hygromas in the fi rst trimester. 15,62  
By midpregnancy, Turner syndrome is the predominant 
fi nding. 15,60,63  The large veins linked to the development 
of cystic hygromas are due to the increased volume of 
blood fl ow resulting from the lack of lymphatic drain-
age. This results in a high incidence of fl ow-related 
cardiac defects 3  related to lymphatic distension of the 
 aorta in the ascending portion. 61  Associated nonim-
mune hydrops manifests sonographically as ascites, 
pleural effusion, pericardial effusion, and skin edema. 63  

 Several sonographic features aid in the diagnosis of 
fetal cystic hygromas. Hygromas are usually located on 
the posterolateral neck and have a cystic appearance, 
and they frequently demonstrate random septa. 15  A mid-
line septum represents the nuchal ligament, which forms 
between the paired jugular lymph sacs (Fig. 19-39). 15  

Figure 19-38 Schematic representation of the lymphatic drainage 
system in the normal fetus (left) and the failed lymphaticovenous 
connection in cystic hygroma (right). (Chervenak FA, Isaacson G, 
Blakemore KJ, et al. Fetal cystic hygroma: cause and natural history. 
N Engl J Med. 1983;309:822.)

A B

C

Figure 19-39 Cystic hygromas. A: Cystic hygromas (star) imaged 
on the lateral neck in a late fi rst trimester exam. B: Small unilater-
al hygroma (star) within the nuchal fold in a second trimester fetus. 
C: Large cystic hygroma demonstrating a midline septum. (Images 
courtesy of Philips Medical Systems, Bothell, WA.)
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Within the cystic structure, thinner septa probably rep-
resent fi brous structures of the neck and deposits of 
fi brin, resulting in the typical honeycomb appearance. 
Most cases seen in the second trimester have decreased 
amounts of amniotic fl uid (oligohydramnios), and a few 
have either normal fl uid or polyhydramnios. 15  Hygroma 
sizes vary greatly from small collections of fl uid to enor-
mous cysts larger than the fetus. Other craniocervical 
masses that must be differentiated from cystic hygromas 
include cystic teratomas, cephalocele, hemangioma, 
branchial cleft cyst, and nuchal edema (Table 19-4). 15  

 Prognosis for the fetus with a cystic hygroma var-
ies depending on gestational age, association with hy-
drops, and coexisting anomalies. The fatal combination 
of a hygroma with nonimmune hydrops has a strong 
association with abnormal karyotypes, resulting in a 
midgestation mortality rate close to 100%. 23,60  In the 
case of an isolated hygroma, the fetus may have a good 
outcome. The redevelopment or drainage of the lym-
phatic channels into the venous system results in re-
absorbtion of the fl uid collections, with the redundant 
skin becoming the webbed neck seen in many genetic 
and nongenetic conditions such as Turner syndrome. 3  

 PRESENCE OF AN ADDITIONAL STRUCTURE 

 Choroid Plexus Cysts 
 Choroid plexus cysts are round sonolucent areas in the 
substance of the choroid plexus of the lateral ventricles 
(Fig. 19-40). They are noted in 1% to 6% of all fetuses 
and are usually transient and without clinical signifi -
cance, resolving before the end of the second trimester 
without sequelae. 5  These cysts have an association with 
trisomy 18 and other karyotypic abnormalities. 3,5  Many 
of these fetuses may have other structural anomalies. 

 Choroid plexus cysts develop in one or both cho-
roids and may be multiple. Typically, the cysts develop 
within the atria of the lateral ventricles in the normal 
fetal brain. To classify the rounded, anechoic area as 
a choroid plexus cyst the area must measure greater 
than 2 mm. 1,5  It can be diffi cult to differentiate a large 
choroid plexus cyst slightly distending the cavity of a 
ventricle from primary ventriculomegaly. When this 

Figure 19-40 Choroid plexus cysts (C).

TABLE 19-4

Sonographic Comparison of a Cystic Hygroma and 
a Cephalocele

Cephalocele Cystic hygroma

Complex paracranial mass Cystic mass with septa
No bone coverage  Located posterolateral 

 neck region
May demonstrate microcephaly  Nuchal ligament 

 forms midline 
 segment

Hydrocephalus

occurs, separation of the cyst from the ventricle be-
comes important. These choroid plexus cysts demon-
strate internal septations and echogenic thick walls. 1  

 Porencephaly/Porencephalic Cysts 
 Porencephaly is a destructive lesion of the brain that 
appears as one or several hypoechoic, cystic areas in 
the cerebral cortex, usually communicating with the 
ventricle, believed to be related to an in utero ischemic 
event. 1  Though uncommon, multiple pregnancy fetuses 
have a greater chance of developing porencephaly. 3  It 
is thought that areas of prior intracranial hemorrhage 
or tissue necrosis resorb, leaving behind porencephalic 
cysts. This bilateral, symmetric process usually occurs 
only in the third trimester and is frequently associated 
with microcephaly. 1  Studies indicate that congenital 
infections, intrauterine narrowing, and internal carotid 
artery and middle cerebral artery occlusion are caus-
ative factors in the development of porencephaly. 1,3  

 Intracranial Hemorrhage 
 Intracranial hemorrhage (ICH) refers to bleeding any-
where in the fetal cranium and may be described as a 
germinal matrix, interventricular or intraparenchymal 
hemorrhage, or a subdural hematoma. 3  An interven-
tricular hemorrhage is the most common type seen in 
the fetus. Most frequently seen in the preterm and term 
neonate 48 to 72 hours after birth, it may occur antena-
tally as a consequence of coagulopathy, amniocentesis, 
drug use, trauma, or other unexplained factors. 1,3  

 Hemorrhage into the ventricles usually originates in 
the germinal matrix because of the thin-walled vessels 
within the matrix. Classifi cation of the bleed uses four 
grades to describe the location and severity of the hem-
orrhage (Fig. 19-41). Use of this nomenclature defi nes a 
hemorrhage in either the fetus or neonate. 

 To ensure accurate imaging of the fetal head, be-
gin with a symmetric, nonangled view of the head 
on an axial plane. The normal choroid plexus imaged 
on an asymmetric plane may result in simulation of a 
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fi nding includes the AVM with vein of Galen Ectasia, 
with the third as a varix of the vein. 1  Imaging an 
elongated cystic  structure at the level of the cistern 
of the vein of Galen in the third trimester represents 
the dilated, end-to-end arteries and veins without in-
tervening capillaries (Fig. 19-43). 1,3  Doppler studies 
demonstrate the characteristic turbulent venous and 
arterial blood fl ow through the structure. 1,3  Increased 
intracranial blood fl ow due to the artriovenous mal-
formation results in enlargement of the dural sinus 
and neck vessels. (Fig. 19-44). 1,3,5  This may lead to 
cardiac  overload; therefore cardiomegaly, hepato-
splenomegaly, soft tissue edema, polyhydramnios, 
and nonimmune hydrops may be present in the 
 affected  fetus. 1,5,65  

 Prognosis is poor for these fetuses, resulting in a 
high neonatal mortality rate due to heart failure. 1,5  The 
outcome depends on associated anomalies and the ex-
tent of the AVM. 

 FETAL SPINE 
 EMBRYOLOGY OF THE SPINE 

 The central nervous system begins as the neural tube 
in the embryo. Infolding of the slipper-shaped ecto-
derm of the neural plate during the third week of em-
bryonic life forms the neural tube (Fig. 19-45). 2  The 
neural groove fuses to form the neural tube beginning 
at midembryo and completing at the cranial and cau-
dal neuropore. Any disruption of this 2-day process 2  by 
infections, drugs, or genetic factors results in closure 
failure at either end of the neural tube, demonstrating 
the connection between spinal bifi da and caudal de-
fects. 3  If the neural tube fails to fuse, spina bifi da with 
myeloschisis develops. 1,2,3  

 Approximately a month after a missed period, the 
spine begins mineralization. 3  The centrum (vertebral 
body) and dorsum centers/neural processes form later-
ally. The transverse, spinous, and articular processes 
develop from the neural processes, creating the poste-
rior bony structures of the spine. 2  This process, which 

germinal matrix hemorrhage. Sonographic diagnosis of 
ICH varies, depending on the location, severity, and clot 
age. The acute hemorrhage has a similar echogenicity 
to the choroid plexus, making separation of the struc-
tures diffi cult. 3  As the clot begins to resolve, the sono-
graphic appearance changes to a retracted hypoechoic 
mass with an anechoic core. This grade III hemorrhage 
has an increased incidence of ventricular dilatation. 1,3  
In the grade IV hemorrhage, infarcts and white matter 
destruction complicates diagnosis. 1  This process may 
develop into a porencephalic cyst or hydranencephaly. 3  
Doppler sampling of the middle cerebral artery with 
a grade IV hemorrhage demonstrates reverse diastolic 
fl ow. A typical antenatal hemorrhage is usually seen 
as a hyperechogenic mass in the region of the germinal 
matrix or within the lateral ventricles (Fig. 19-42). 

 Aneurysm of the Vein of Galen 
 The vein of Galen aneurysm describes three types 
of cerebral arteriovenous malformations (AVMs). 
The initial fi nding is the isolated AVM, a secondary 

Figure 19-41 Grading of intracranial hemorrhage (indicated in black). Grade I, hemorrhage remains confi ned to the germinal matrix (arrow); 
grade II is an intraventricular hemorrhage (arrow); grade III is an intraventricular hemorrhage (arrow) and ventricular dilatation; and grade IV 
represents extension of the hemorrhage into the brain parenchyma (arrow). (Modifi ed from Malinger G, Katz R, Amsel S, Gewurtz G, Zakut H. 
Brain hemorrhage, germinal matrix. The Fetus. 1992;1:1–4.)

Figure 19-42 Sagittal image of 34-week fetus with an intracranial 
hemorrhage (arrow). (Image courtesy of GE Healthcare,  Wauwatosa, 
WI.)
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Figure 19-44 A: Anechoic structure within the fetal brain represent-
ing an aneurysmal vein of Galen (arrow). B: Color Doppler image 
demonstrating turbulent fl ow. C: 3D Color power angio (CPA) image 
with tissue subtracted. (Images courtesy of Philips Medical Systems, 
Bothell, WA.)

Figure 19-43 Vein of Galen malformation. The vein of Galen malformation comprises in reality a spectrum of vascular anomalies sharing a com-
mon dilatation of the vein of Galen. A: In the most severe and complicated form, a complex AVM with multiple anomalous arterial vessels arises 
from the circle of Willis. This condition results in  signifi cant vascular compromise, with a steal of blood from the cortex, infarction, hemorrhage, 
and high-output cardiac failure manifested during fetal life. B: Dilatation of the vein of Galen with few arterial vessels occurs in the simplest form. 
This condition is unlikely to cause vascular compromise and may become symptomatic (excessive head growth, headache) only postnatally. 
(Adapted from Mori. Neuroradiology and Neurosurgery. New York. New York: Theime-Stratton, 1985.)

A B
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Figure 19-45 Formation of the neural tube and neural crest. These schematic illustrations follow the early development of the nervous system 
in the embryo. The drawings above are dorsal views of the embryo; those below are cross-sections. A: The primitive embryonic central nervous 
system (CNS) begins as a thin sheet of ectoderm. B: The fi rst important step in the development of the nervous system is the formation of the 
neural groove. C: The walls of the groove, called neural folds, come together and fuse, forming the neural tube. D: The bits of neural ectoderm 
that are pinched off when the tube rolls up are called the neural crest, from which the PNS will develop. The somites are mesoderm that will 
give rise to much of the skeletal system and the muscles.

A  B  C  D  

Mesoderm
Ectoderm
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tube
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tube
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Figure 19-46 The neural tube at 8 weeks (open arrow). Formation of 
the neural structures is complete at approximately 32 days (Carnegie 
stage 13). Note the subchorionic hemorrhage (arrow). (Sonographic 
image courtesy of GE Healthcare, Wauwatosa, WI.)

begins at 13 weeks and completes in the third trimester, 
explains the development mechanism that fails result-
ing in spina bifi da. 3  

 THE ABNORMAL SPINE 

 Spina Bifi da 
 Spina bifi da is a neural tube defect resulting from in-
complete closure of the bony elements of the spine 
(lamina and spinous processes) posteriorly. Two types 
of lesions, ventral and dorsal, occur. The ventral defect 
involves vertebral body splitting and development of a 
neurogenic origin cystic structure. 3  These lesions occur 
higher in the spine at the lower cervical and upper tho-
racic spine and are quite uncommon. 3  

 The dorsal types of spina bifi da have subdivisions 
of open (defect not covered by skin) and closed  (defect 
covered by skin) forms. Closed spina bifi da, or spi-
na bifi da occulta, has the split vertebrae covered by 
skin. 1,3  Spina bifi da occulta is the simplest form, in 
which there is a failure of the dorsal portions of the 
vertebrae to fuse with one another. 2  The expected loca-
tion of this abnormality is at the sacrolumbar level. It 
has a skin covering and is not noticeable on the sur-
face, except for the presence of a small tuft of hair 

or other dermal lesion over the affected area. 2,3  It is 
usually an incidental radiologic fi nding that is without 
consequence (Fig. 19-46). 66  

 Open spina bifi da, or spina bifi da aperta, is a full-
thickness defect of the skin, underlying soft tissues, 
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Figure 19-47 Neural tube defects. Cross-section studies of spine. A: Normal vertebra and spinal cord. B: In occult (minimal) spina bifi da (spina 
bifi da occulta) the posterior vertebral arch fails to form. It is usually asymptomatic. C: In spina bifi da with meningocele, the meninges protrude 
through the defect. D: In spina bifi da with myelomeningocele, the meninges and spinal cord protrude through the defect. E: In anencephaly, 
almost all of the brain and spinal cord fail to form.

and vertebral arches—thus exposing the neural  canal. 3  
This lesion occurs in 85% 3  of all spina bifi da cases. 
The menigocele lesion has a thin menigeal membrane 
that does not contain neural tissue. 3  The myelome-
ningocele contains neural tissue inside the protruding 
sac. (Fig. 19-47) 2,3  

 Although the causative mechanism of NTDs re-
mains poorly understood, genetic factors, nutritional 
factors, environmental factors, or a combination of 
these are known to play a defi nite role. These include 
diabetes mellitus, obesity, and folate defi ciency, among 
 others. 67,68  The genetic factors in the pathogenesis of 
NTDs are not well defi ned but are suggested by ob-
servations that NTDs have a high concordance rate in 
monozygotic twins, are more frequent among fi rst-de-
gree relatives, and are more common in females than 
males. NTDs also occur as part of several genetic syn-
dromes (e.g., Meckel-Gruber) and in association with 
polymorphic variants in genes in the folate and homo-
cysteine pathways and in the VANGL1 gene. 67,68  

 Spina bifi da may be detected during routine ultra-
sound examination; however, many are found as a re-
sult of careful ultrasound examinations performed in 

pregnancies found to have elevations of MSAFP levels. 
Because MSAFP elevates in other conditions, amniotic 
fl uid AFP and acetylcholinesterase determinations may 
have an adjunctive role in the diagnosis of smaller 
 lesions. 70  

 During the sonographic examination, location and 
severity of the defect has the greatest chance of de-
tection on the sagittal views. 1  Although the defect of 
spina bifi da visualizes well on the sagittal plane, rul-
ing out smaller defects requires a meticulous trans-
verse examination of the entire vertebral column. 
 Sonographically, spina bifi da images on the transverse 
plane as a splaying of the posterior ossifi cation cen-
ters of the spine, giving the vertebral segment a “U” 
or “V” shape. The posterior ossifi cation centers show 
increased spacing when compared to caudal and ce-
phalic portions of the spine.  Remember, the normal 
cervical spine demonstrates a mild progressive widen-
ing of the spinal canal at the cephalic portion. In the 
presence of an intact meningocele or a meningomyelo-
cele, a protruding sac may be detected. Identifi cation 
of a small defect remains a challenge and diagnosis of 
meningomyelocele increases tremendously through a 
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nearly 100% association with the Arnold-Chiari mal-
formation. Viewing of the actual meningomyelocele, 
however, is the only defi nitive way to make a diagno-
sis (Fig. 19-48). 3  

 Examination of the fetal head aids in diagnosis of open 
spina bifi da because of the associated cranial abnor-
malities. Displacement of cranial structures  (cerebellar 
cermis, fourth ventricle, medulla oblongata) into the fo-
ramen magnum and the superior cervical  canal is due 
to cerebrospinal fl uid leakage (see section on Chiari 
type II). 1,3  Sonographically, this results in the character-
istic fi ndings of myelomeningocele—the “banana sign” 
and front “lemon sign.” 1,3  The observation of a normal 
appearance of the cerebellum and cisterna magna vir-
tually excludes a myelomeningocele. 3  Second-trimester 

hydrocephalus occurs in 70% of cases 1,2  and in all neo-
nates with spina bifi da aperta. 1  Quite often these fetuses 
also demonstrate bilateral club feet, rocker bottom feet, 
and hip deformities. 3  

 Normal brain anatomy and AFP result in low prenatal 
diagnosis of a closed spina bifi da. 1,3  With the fi nding of 
a meningocele or lipoma, the presence of spina bifi da 
occulta becomes suspect. 1,3  The differentiation between 
open and closed forms is best shown by the sonographic 
demonstration of abnormal or normal cranial anatomy. 3  

 The prognosis for spina bifi da depends on the lev-
el of the lesion. There is a high association with still-
births, and a fi fth of live-born infants die in the fi rst 
year. 3  Within another 4 years, 35% die. If the child 
lives beyond the age of 5, there is a chance of mental 

A B

C

Figure 19-48 A: Sagittal image demonstrating a meningomyelocele 
(arrow) in the sacral region. B: 3D surface rendering of a sacral defect. 
C: Spina bifi da vera with myelomeningocele. Lateral lumbar spine. 
Note the large myelomeningocele posterior to the lower lumbar spine 
and upper sacral area (arrows). (Images A and B courtesy of Philips 
Medical Systems, Bothell, WA.)
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retardation, paralyzed limbs, lower limb dysfunction. 
bowel and bladder dysfunction, inability to walk, and 
complications due to associated hydrocephalus. 3  

 Scoliosis and Kyphosis 
 Congenital scoliosis is an abnormal lateral curvature of 
the spine 5  due to anomalous development of the verte-
brae, either failure of formation or segmentation. Con-
genital scoliosis can be associated with various cardiac, 
genitourinary, and skeletal abnormalities. 71  An abnor-
mal anterior angulation of the spine is called kypho-
sis. 3,5  Kyphoscoliosis is the combination of the abnormal 
lateral and anterior curvature. Identifi cation of scoliosis 
and kyphosis becomes plane dependent because of the 
spinal curvature. Longitudinal images demonstrate the 
spine well with scoliosis imaging from the lateral plane 
and kyphosis from the posterior plane. 5  

 Scoliosis, which may also be seen with hemiverte-
brae, 53,71  meningomyelocele, 3  and multiple other syn-
dromes and malformations, may occur as an isolated 
defect of the spine. Hemivertebrae, caused by aplasia 
or dysgenesis of one of the two chondrifi cation centers 
forming the vertebral bodies, identify sonographically 
by lateral displacement of the anterior ossifi cation cen-
ters or improperly aligned vertebral bodies (Fig. 19-49). 53  
These may occur as an isolated entity but are more often 
seen in association with neural tube defects. In the ab-
sence of other anomalies, bends in the vertebral column 
should reach the extreme of 90 degrees and should be 
unchanging in serial scans. 

 Caudal Regression Syndrome 
 Caudal regression syndrome is a broad term that refers 
to a heterogeneous group of congenital anomalies affect-
ing the caudal spine and spinal cord, the hindgut, the 

Figure 19-49 Sagittal image taken from a 3D data set of the spine. The unfused hemivertebra (arrow) results in an abnormal spine curvature 
called scoliosis. (Image courtesy of Philips Medical Systems, Bothell, WA.)

BA

urogenital system, and the lower limbs. It can range from 
agenesis of the coccyx to absence of sacral, lumbar, and 
lower thoracic vertebrae. In the general population, the 
incidence is less than 1 in 10,000 births; however, a dia-
betic mother increases the risk by 250 times. 37,52  Other 
abdominal wall, genitourinary, and cardiac anomalies 
may also be found. 

 Disruption of the embryonic process of canalization 
in the third week of gestation results in the varying de-
grees of caudal regression. In the normal embryo the 
conus, fi lum terminale, sacral nerve roots, and lower 
genitourinary structures originate from the caudal me-
soderm. The disruption of this normal development oc-
curs with a genetic component, or in insulin-dependent 
mothers. 55  

 The severity and extent of the caudal regression re-
sults in variable sonographic fi ndings. The lumbar and 
sacral spine may have isolated anomalies or coexist with 
clubbed feet and knee and hip contractures. Typically, 
the sagittal and transverse views of the spine uncover 
vertebral absence, fused iliac wings, decreased femoral 
head distance, short femurs, and club feet. 52,53  Because 
of the lack of spine, and thus, the nerves, lower extrem-
ity movement decreases. Associated anomalies include 
renal and gastrointestinal anomalies. 53  During the fi rst 
trimester, a short crown-rump length and an abnormal 
yolk sac has been found to indicate the presence of this 
syndrome. 52  

 Sirenomelia, the main differential for caudal regres-
sion syndrome, was once considered a severe form. 55  
Increased understanding of this malformation has led 
sirenomelia to receive a unique classifi cation, as the 
cause differs from that of caudal regression syndrome. 
The mechanism of sirenomelia is thought to be shunt-
ing of blood from the aorta through the umbilical 
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artery, resulting in a vascular steal. 55  The main fi nding 
for sirenomelia, or mermaid syndrome, is the fusion of 
the legs. 52  

 Sacrococcygeal Teratoma 
 In the fetus, teratomas develop in the gonads, 53  umbili-
cal cord, 3  placenta, 72  or anywhere on the neural tube, 
with the caudal end (sacrococcygeal) the most com-
mon location. 53  Arising from the presacral area of the 
spine, this rare germ cell tumor has an occurrence rate 
of 1 in 40,000; however, it is the most common neo-
plasm in the newborn. 53  Seventy-fi ve percent of affect-
ed infants are female, 3,53  with male fetuses having an 
increased incidence of developing the malignant form. 3  
The American Academy of Pediatric Surgery classifi ca-
tion separates the masses on the contents, and the in-
ternal or external location of the tumor (Fig. 19-50). 
Most sacrococcygeal teratomas are Type I or II. 

 The origin of a sacrococcygeal tumor is unclear 
but the neoplasm is thought to be a remnant of the 
primitive streak leading to the inclusion of various 
 embryonic tissue types within the tumor. 2  The germ 
 layers—ectoderm, mesoderm, and endoderm—result 
in neural, gastrointestinal, and respiratory tissue within 
the neoplasm. 2,5  The location of teratomas depends on 
the cells from which they originate. 74  In the case of the 
sacrococcygeal tumor, the pluripotent tissue derived 
from the area around Hensen’s node migrates rostrally 
to lie in the coccyx. 3,74  Other authors have suggested the 
teratoma is the result of failed twinning. 3,74  

 On ultrasound, the tumor mass images as a protru-
sion between the anus and the coccyx, although some 

Figure 19-50 Types of sacrococcygeal teratomas. 
Sacrococcygeal teratomas may be almost entirely 
external or combined internal and external, or, as 
in type III, mainly internal. Those that are mainly 
 external are less commonly malignant, whereas 
type IV tumors, which are mainly internal, usually 
have a delayed diagnosis and often are malignant. 
(Reproduced with permission from Altman RP, et al. 
Sacrococcygeal teratomas. American Academy of 
Pediatrics Surgical Section Survey, 1973.)

tumors develop in the presacral space of the pelvis. 
The sagittal plane images the masses extending from 
the spine.  Tumors may be solid or complex with cystic 
components. 53  The choroid plexus tissue secretes the 
cerebrospinal fl uid contained within the tumor mass, 
resulting in a cystic component (Fig. 19-51). Prenatal-
ly, these fetuses are at risk of developing congestive 
heart failure and hydrops which is thought to be due to 
vascular arterial-venous shunting within the mass. 53,73  
Color and power Doppler demonstrate this vascularity 
within the solid teratoma. 3  

 3DUS has also been used in the prenatal assess-
ment of sacrococcygeal tumors. As an adjunct to 2D 
 sonography, 3D imaging increases visualization of the 
skeleton and pelvic bones and allows for delineation of 
the tumor into the pelvis. 3D color sonography also as-
sists in Doppler mapping the mass’s blood supply, even 
in small tumors where 2D sonography fails to identify 
the mass. 74  

 Perinatal mortality and morbidity are most strongly 
related to high-output cardiac failure because of arte-
riovenous shunting within the tumor, subsequent fe-
tal hydrops, polyhydramnios, and preterm delivery. 3  
Therefore, intrauterine surgery has been described as 
a treatment option for prenatally diagnosed sacrococ-
cygeal teratomas to interrupt the tremendous vascular 
shunting through the tumor. This may involve in utero 
debulking, complete resection, or percutaneous coagu-
lation of the main blood supply with radiofrequency 
ablation. However, fetal intervention is invasive and 
may cause signifi cant morbidity to the  mother and 
 fetus. 75  
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 • The normal fetal spine has three ossifi cation centers: 
the centrum, right, and left neural processes. 

 • Sagittal images of the spine include the vertebral 
body, lateral ossifi cation centers, caudal end taper-
ing, skin integrity, and examination of the spinal 
curvature. 

 • Transverse (axial) views of the spine are the best 
plane to identify spinal defects. 

 • Elevated MSAFP of 2.4 MoM raises suspicion for an 
open neural tube or abdominal wall defect. 

 • Hypertelorism exists with holoprosencephaly, cepha-
loceles, craniosynostosis, median cleft syndrome, 
and trisomy 18. 

 • A tongue extending beyond the maxilla (macroglos-
sia) has been found with trisomy 21 and Beckwith-
Wiedemann syndrome. 

 • Micrognathia, the hypoplastic mandible, is associat-
ed with Pierre Robin syndrome, trisomy 13, trisomy 
18, and musculoskeletal syndromes. 

 • Clefts are the most common facial abnormality. 

 • These malformations may be unilateral or bilateral. 

 • The two major groupings of CP and CL are a cleft 
involving the upper lip and anterior maxilla with or 
without involvement of soft and/or hard palate; and 
a cleft involving hard and soft without CL. 

 • Meroencephaly or anencephaly is the absence of the 
skull and cerebral hemispheres. 

 SUMMARY 
 • The neural tube segements that become the brain are 

the prosencephalon, mesencephalon, and rhomben-
cephalon. 

 • Most of the brain, spine, and facial structures de-
velop in the fi rst few weeks of embryogenesis; 
however, structures continue to form throughout 
gestation. 

 • The BPD level anatomy includes axial images of the 
thalami and third ventricle, a smooth calvarial wall, 
and brain/calvarium symmetry. 

 • Microcephaly is a small head in proportion to the fe-
tal face. 

 • The large fetal head is macroceophaly. 

 • The MCA carries 80% of fl ow to the brain structures 

 • Axial measurements of the cerebellum correlate to 
gestational age on a one-to-one ratio. 

 • A measurement of greater than 10 mm of the ven-
tricles obtained at the level of the atrium would be 
considered abnormal. 

 • Obtaining sagittal and coronal images of brain anat-
omy establishes normalcy or detects deviations from 
the norm. 

 • Inner ocular distance (IOD) and outer ocular distance 
(OOD) help date a gestation with either missing or 
abnormal head structure. 

Figure 19-51 The spectrum of sacrococcygeal teratomas. A: Type I with predominately cystic teratoma (arrow). B: Type II teratomas with cystic 
and solid elements (arrow). C: Type II solid teratoma. D: Type IV teratomas presenting as nonimmune fetal hydrops with a large  intra-abdomanal 
mass (arrow).

A B

C D
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 • The herniation of intracranial contents through a cra-
nial defect is a cephalocele. 

 • Arnold-Chiari malformations are the displacement of 
posterior fossa brain structures through the foramen 
magna into the cervical canal. 

 • Large ventricles, ventriculomegaly, is due to multiple 
causes and often called hydrocephalus. 

 • Cystic hygromas are the result of lymph vessel 
 obstruction, usually occurring in the head or neck 
region. 

 • Isolated choroid plexus cysts have no signifi cance 
and usually resolve by the third trimester. 

 • Intracranial hemorrhage is an uncommon intrauter-
ine occurrence and has the same grading system as 
seen in a neonatal patient. 

 • Spina bifi da is an open spinal defect that has varying 
degrees of severity. 

 • Scoliosis and kyphosis are abnormal curvatures of 
the spine and may be due to skeletal dysplasias or a 
hemivertebrae. 

 • Sacrococcygeal teratomas are germ cell tumors found 
in the sacral area. 

 • Meroencephaly demonstrates bulging fetal orbits 
with a froglike appearance on the sonographic image. 

 • Polyhydramnios, facial bones, and increased fetal ac-
tivity is seen with the meroanencephalic fetus. 

 • Acrania is the absence of the skull and may or may 
not have coexisting brain tissue. 

 • Hydranencephaly is a destructive lesion of the 
brain resuting in a large anechoic area within the 
cranial vault surrounded by midbrain and basal 
ganglia. 

 • Holoprosensephaly, seen with trisomy 13, is an ab-
normal development of the fetal brain. 

 • Agenesis of the corpus callosum is failure of all or 
part of the corpus callosum. 

 • DWC demonstrates a large cisterna magna, with an 
enlarged fourth ventricle and fl attened cerebellar 
hemispheres. 

 • Abnormal clefting of the brain is termed schizen-
cephaly. 

 • A smooth brain is said to demonstrate lissencephaly. 

 • Caudal regression syndrome results in lack of sacral 
development. 

 1. A 35-year-old G4P3A0 patient presents to your 
department with a diagnosis of large for gestational 
age. Her fi rst trimester sonographic dating exam at 
six weeks dates her at 26 weeks. The exam fi nds a 
fetus without brain structures, a froglike face, and 
polyhydramnios. At what stage of pregnancy does 
this abnormality develop? What is the cause of the 
excess fl uid? List other malformations that may ac-
company this fi nding. How would the sonographer 
date the pregnancy in the absence of a BPD?
ANSWER: Meroanencephaly is the result of the 
rostral neuropore failing to close. Though this oc-
curs at about 36 days (approximately 5 weeks), 
the embryo is too small to differentiate normal 
from abnormal development. As the pregnancy 
progresses, the portion of the brain that helps the 
fetus swallow fl uid lacks development, thus the 
fetus fails to swallow the amniotic fl uid, resulting 
in polyhydramnios. To date a pregnancy without 
a head, use the ocular distance, femur length, and 
abdominal circumference. A search for accompa-
nying malformations may fi nd spinal defects of 
varying degrees.

 2. During alcohol rehabilitation, your next patient 
discovered she was pregnant. With a history of 
poorly controlled gestational diabetes, she has a 
high level of anxiety pertaining to birth defects 
with this pregnancy. The sonographic examina-
tion demonstrated a single common ventricle with 

Critical Thinking Questions
a fused thalami without discernable brain mantle. 
The BPD measurement is two standard deviations 
below the norm and the facial views demonstrated 
a hypoechoic linear lucency in the midline of the 
lip. What malformation do these fi ndings sug-
gest? Explain the process that results in the brain 
 malformation.
ANSWER: Alobar holoprosencephaly of the pancake 
form. A small head measurement suggests micro-
cephaly while the facial fi nding is probably a median 
CL. Holoprosencephaly results from incomplete 
separation and rotation of the forebrain.

 3. A patient is sent for an examination from a small 
tertiary hospital with a diagnosis of agenesis of 
the corpus callosum. What sonographic views 
would confi rm this diagnosis? List image fi ndings 
seen in the brain with agenesis of the corpus 
callosum.
ANSWER: In the axial or transverse plane, the BPD 
and ventricular level demonstrate the absent cavum 
septi pellucidi with the third ventricle occupying the 
space. The ventricle demonstrates a teardrop shape 
with widened atria and displaced medial walls. In 
the sagittal plane, lateral to midline, the gyri and sul-
ci form a characteristic sunburst lesion due to radial 
orientation. Coronal views of the brain also image 
the ventricular changes. Endovaginal imaging helps 
with the fetal head in the pelvis; however, views are 
often restricted to the coronal and sagittal planes.
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 20  Ultrasound of the Normal Fetal 
Chest, Abdomen, and Pelvis
 Robert G. Magner, Jr. and Cheryl A. Vance 

KEY TERMS

 amniotic fl uid level  |  fetal lie  |  fetal position  |  anatomic position  |  ventral  |  cranial  |  
caudal  |  dorsal  |  look direction  |  pseudoascites  |  VOCAL  |  oligohydramnios 

OBJECTIVES

 Determine fetal lie in relation to maternal anatomy 

 Discuss the difference between anatomic planes and Digital Imaging and 
Communications in Medicine (DICOM) and International Society of Ultrasound in 
Obstetrics and Gynecology (ISUOG) anatomic reference terms 

 Explain basic embryology for systems located within the thorax, abdomen, and pelvis 

 Recognize the sonographic appearance of normal chest, abdomen, and pelvic anatomy 

 Summarize the use of three-dimensional (3D) volumes in determining normal vs. 
abnormal anatomy 

 Identify male and female genitalia on the sonographic image 

 Describe the appearance of pseudoascites of the abdomen 

 Chorioamnionitis An infl ammation of the fetal 
 membranes (amnion/chorion) due to infection

  Cranial Toward the head or cranium 

 Dorsal Toward the back or spine 

 Echogenic Generates echoes; brighter sonographically 

 Echogenicity Ability to generate echoes; 
the  sonographic brightness or darkness 

 Echotexture Relative level of sonographic echogenicity 
of a structure 

 Fetal lie Position of the fetus in utero 

 Fetal presentation Term used to describe which 
 portion of the fetus will deliver fi rst 

 HASTE Half-Fourier acquisition single-shot turbo 
 spine-echo; a fast spin method to obtain the MRI data set 

 Hematopoiesis Formation of blood cells 

 Hydronephrosis Dilation of the renal pelvices and 
calices, usually caused by obstruction 

 Hyperintense Areas of high intensity or increased 
brightness on the magnetic resonance imaging (MRI) 
image; equivalent to hyperechogenic 

GLOSSARY

 3D imaging From a volume data set, static 3D images 
can display height, width, and depth of anatomy (three 
dimensions) from any orthogonal plane 

 4D imaging Adds motion to static 3D imaging, 
 allowing for real-time 3D imaging of anatomy in motion 

 Anatomic position Body in the erect position with the 
palms forward and feet pointed forward 

 Aplasia Complete absence of a body part 

 Ascites Accumulation of fl uid in the abdominal cavity 

 B-mode imaging “Brightness-mode” imaging displays 
anatomy in two dimensions on the display screen. 
The stronger the returning echo, the brighter the 
 corresponding dot is on the display. Distance from the 
transducer face is displayed with the near-fi eld anatomy 
on the top of the display and far-fi eld anatomy at the 
bottom of the monitor display 

 Biliary atresia Congenital blockage or absence of the 
bile duct 

 Caliectasis Dilation of the renal calices 

 Cardiomegaly An enlarged heart 

Caudal Toward the feet or tail end
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 SCANNING TECHNIQUES AND 
PRINCIPLES 
 Principles for the sonographic evaluation of the fetus 
are to a large extent similar to those used in evaluating 
newborn infants. When using B-mode imaging, the 3D 
anatomy is envisioned via 2D images from the transverse 
(transaxial), sagittal, and coronal planes. The following 
are considerations that may limit optimal fetal imaging. 

 AMNIOTIC FLUID LEVELS 
 Imaging the fetus sonographically requires an adequate 
amount of surrounding amniotic fl uid to separate the 
fetus from the adjacent uterine wall. This is especially 
important in the evaluation of the skin surfaces of the 
thorax and abdomen or with 3D/4D data set acquisi-
tion. The fl uid acts as a window for sonographic evalu-
ation of internal and external fetal anatomy. Without 
suffi cient fl uid, anatomic interfaces become diffi cult, if 
not impossible, to visualize sonographically. 

 FETAL MOTION 
 Fetal position varies throughout the examination be-
cause of the natural movements of the fetus. During 
the fi rst and second trimesters, the fetus has more room 
to move within the gestational sac. The sonographic 
evaluation may become more challenging as the fetus 
moves into different positions. Not only is it diffi cult 
for the examiner to capture the anatomy before the fe-
tus moves, but shadowing from overlying structures 
also changes with each movement, causing additional 
imaging diffi culties. Although the fetus has less room 
to move, third-trimester sonographic evaluation is also 

 Sonography is the predominant imaging technique for 
the fetus. Diagnostic sonography has made a tremen-
dous evolution over the last 50 years. In the 1960s, the 
fetus was assessed using B-mode scanners that pro-
duced a bistable (black and white) static image. By the 
early 1970s, gray-scale imaging became prominent, and 
by the late 1970s’ real-time B-mode imaging appeared. 
Real-time imaging allowed the sonographer to track the 
moving fetus and make technical adjustments to en-
hance the image quality  continuously throughout the 
exam. The 1980s brought 3D imaging and, by the late 
1990s, real-time 3D (also known as 4D) had emerged. 
The 21st century has welcomed 3D/4D  technology to 
simplify pathology diagnosis. Its uses range from multi-
planar imaging to  computer-aided diagnosis. High-reso-
lution transducers have complimented the 3D/4D tech-
nology while  enhancing the ability to visualize minute 
details within the  growing fetus. This degree of detail 
visualization is critical when making decisions regard-
ing care during and  after the pregnancy. 

 Understanding and appreciating how the nor-
mal fetus appears sonographically leads to a greater 
awareness of variations that may help in the diag-
nosis of abnormalities. The ability to differentiate 
between subtle variations of normal permits the 
sonographer to achieve the sonographic diagnosis 
with confi dence. Accurate prenatal diagnosis of ab-
normalities allows for parental counseling and, when 
necessary, fetal karyotyping, in utero fetal therapy, 
advanced delivery preparations, and appropriate an-
tenatal follow-up. The information in this chapter 
will help the sonographer understand the normal so-
nographic anatomy of the normal fetal chest, abdo-
men, and pelvis. 

 Osteogenesis imperfecta Genetic disorder causing 
extremely fragile bones 

 Parvovirus infection Congenital disorder caused 
by transplacental transmission of the  parvovirus 
to the  fetus, characterized by hydrops, ascites, 
 ventriculomegaly, and other fi ndings 

 Pulmonary hypoplasia Incomplete development of the 
lung tissue 

 Real-time imaging B-mode images are built onto the 
screen as the sound beam sweeps through the tissue 

  Transverse Along the axial cross-section or short axis 
of the anatomy being imaged 

 Trisomy Genetic abnormality where there is the 
 presence of three copies of a particular chromosome 

Ventral Toward the belly or front 

VOCAL (virtual organ computer-aided analysis) 
Semiautomated process to calculate volume using a 
3D data set

 Hypoechoic Less echogenic or “darker” on a 
 sonographic image 

 Hypointense Areas of low intensity or increased 
brightness on the MRI image; equivalent to 
hypoechogenic 

 Hypoplasia Underdevelopment or incomplete develop-
ment of a body part 

 Isointense Areas of similar intensity or increased 
brightness on the MRI image; equivalent to isoechoic 

 IUGR (intrauterine growth restriction) Fetal weight 
below 10th percentile for gestational age 

 Longitudinal Along the length or long axis of the 
anatomy being imaged 

 Look direction Direction you are looking at a patient 
or structure, (i.e., anterior to posterior) 

 Myelomeningocele (spina bifi da) Congenital 
 disorder where the spinal cord does not close before 
birth 
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plane on the standard plane division of the body. These 
axis points become important when orienting with the 
3D data set and image. 

 In medical imaging, the right and left sides of the 
 patient are oriented as if we were facing the patient. 
When we display an image on a view box or monitor, it 
is as if the patient faces toward the clinician. Thus, the 
sagittal plane divides the right side of the patient, which 
is on the left side of the image. Following suit, the left 
side of the patient is on the right side of the image. 

 When dividing the body into anterior and posterior 
planes or the coronal plane, the back of the patient 
 labeling becomes posterior while the front is anterior. 
If there is a combination of directions, then the labels 
combine the direction of the plane in the look direction. 
The look direction is simply how you are viewing the 
patient. For example, if you are in front of the patient 
looking toward the back, the look direction is anterior 
to posterior or AP. 

 The International Society of Ultrasound in Obstetrics 
and Gynecology (ISUOG) published a labeling standard 
for fetuses to standardize terminology and labeling 
 between 2D and 3D imaging. 2  When viewing the  fetus 
from the front, the term cranial references the skull, 
equating to superior in the DICOM labeling. Similarly, 
the term caudal refers toward the feet, and the cranio-
caudal axis runs between the head and feet of the fetus. 
This terminology is used in respect to the head and 
main body (trunk) and not when considering the limbs. 

challenging. Later in the pregnancy, the fetus is evalu-
ated in a fl exed position because the uterus is smaller 
than the fetal length. In this instance, imaging the fetus 
may be challenging because the fetus may not move 
into a position that allows better sonographic visualiza-
tion of the anatomy. 

 SCAN PLANES AND LABELING 
STANDARDS 
 When discussing the fetal position and scanning tech-
niques, it is important to understand the terminology 
used to describe the various anatomical scan planes 
(Fig. 20-1). When referencing the maternal or fetal scan 
planes, sagittal refers to a vertical plane that divides the 
maternal or fetal body into sections. Transverse or axial 
refers to a vertical plane that divides the maternal or 
fetal body into unequal superior and inferior sections. 
Coronal references a vertical plane that divides the ma-
ternal or fetal body into anterior and posterior portions. 

 Two labeling standards exist to aid in both 2D and 
3D imaging. One part of the Digital Imaging and Com-
munications in Medicine (DICOM) standards outlines 
the anatomic position for the neonate or adult. 1  In stan-
dard anatomical position, the orientation superior and 
inferior correspond to the head and feet. The head end 
is referred to as the superior end, while the feet are 
 referred to as the inferior end. Thus, the axis formed by 
joining the two is the superior-inferior axis or the axial 

 Figure 20-1 Anatomical scan planes. The coronal plane separates the body into front and back sections, the sagittal plane divides the body 
into right and left sections, and the transverse creates upper and lower portions.  

Transverse
(horizontal)

plane
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plane

Frontal
(coronal)
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 The next plane is from the back (dorsal) to the abdo-
men (ventral). The dorsoventral axis forms by connect-
ing the front to the back of the fetus. This term may be 
shortened to dorsoventral or DV. 

 As with anteroposterior, the terms dorsal and ventral 
are also used to describe relative positions along the dor-
soventral axis. Thus, the fetal spine is dorsal to the cord 
insertion or the fetal heart is ventral to the spine. These 

axes become important when rotating the image/data 
set and maintaining fetal orientation (Table 20-1). 

 FETAL LIE 
 The examiner must be aware of the fetal orientation 
within the uterus. This is imperative when attempting 
to determine normal organ situs (i.e., fetal heart and 

 Anatomic Position Orientation 

DICOM ISUOG

Anterior to posterior Superior

Inferior

Left

Right

Su

In

Rt Lt

Cranial

Caudal

Left

Right

Cr

Ca

Rt Lt

Lateral Anterior

Posterior

Su

In

Po An

Dorsal

Ventral

Cr

Ca

Dr Vn

TABLE 20-1
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stomach on the fetal left side). A best practice is to use 
a dual display mode with one image  demonstrating 
the stomach, then the second image demonstrating 
the heart (Fig. 20-2). This gives the interpreting physi-
cian confi dence of heart/stomach situs. Bony elements 
cause shadowing that may obstruct the view of anato-
my deep to the bones. Therefore, the spine is best visu-
alized when the fetal spine is up (prone), whereas the 
abdominal organs and most of the heart structures are 
better visualized then the fetal spine is down (supine) 
or lateral. 

 To determine fetal lie, follow the transverse spine 
from head to rump, observing the location of the 
head and rump as the transducer is moved across the 
 patient. Once the location of the head and rump is iden-
tifi ed, fetal position can be determined (breech,  vertex, 
transverse, or oblique). Next, determine how the fetus 
is lying within the gestational sac by identifying the 
transverse spine’s location on the display monitor. If 
the transverse spine is toward the top of the monitor, 
the fetus is prone. If the transverse spine is toward the 
bottom of the monitor, the fetus is supine (Table 20-1). 

 When the fetus is vertex and the transverse spine is 
on the right of the monitor, the fetus is lying on its left 
side. When the fetus is breech and the transverse spine 
is on the right side of the monitor, the fetus is lying on 
its right side. When the fetus is vertex and the trans-
verse spine is on the left side of the monitor, the fetus is 
lying on its right side. When the fetus is breech and the 
transverse spine is on the left side of the monitor, the 
fetus is lying on its left side (Table 20-2). 

 Imaging success depends on scanning technique. 
Higher frequency transducers produce increased resolu-
tion. Lower frequency transducers have increased pen-
etration. Always use the highest frequency transducer 
that allows for proper depth penetration. Additionally, 

one should keep the transducer’s focal zones at or slight-
ly below the anatomy of interest. Structures deep to the 
transducer’s focal zones display with decreased resolu-
tion because of the tissue interaction with the sound. 

 Special techniques may be necessary to  adequately 
visualize the fetus. These techniques include small 
corrections in transducer angulation, broad shifting of 
the transducer position along the maternal abdomen, 
 altering the mother’s position on the table, having the 
mother walk around the department, or, in unusual 
circumstances, postponing evaluation to another day. 
Endovaginal and less “invasive” translabial imaging 
may aid in the evaluation of fetal structures lying low 
within the maternal pelvis at the time of the ultrasound 
examination. These two techniques may also be used 
when maternal obesity or abdominal scarring obscures 
adequate fetal visualization. 

 FETAL PRESENTATION 
 The fetal presentation varies throughout the pregnancy 
and is described in terms of what fetal part is closest to 
the cervix. The term vertex refers to the topmost point 
of the skull. In obstetrics, the term vertex (also called 
cephalic) is used to indicate when the fetal head is 
down (toward the cervix), which is the normal presen-
tation for birth. The fetus may be vertex facing toward 
the maternal back or vertex facing toward the maternal 
abdomen. Occasionally, the fetus does not move into 
the vertex position. When the fetus lies transverse in 
the maternal uterus, it is common practice to indicate 
the fetal presentation according to which side the fetal 
head is located in reference to the mother (e.g., “trans-
verse fetal lie–head maternal left”). The term breech 
indicates that the fetal buttocks are down ( toward the 
cervix). This is an abnormal presentation for birth 
and may require a cesarean delivery. There are several 
variations of breech. Complete breech refers to when 
the buttocks present fi rst (toward the cervix) and both 
the hips and knees are fl exed. Incomplete or “footling” 
breech indicates that the fetus has one or both feet 
down (toward the cervix), so its leg(s) are poised to 
deliver fi rst. Frank breech indicates that the fetal but-
tocks present fi rst (toward the cervix) and the hips are 
fl exed so the legs are straight and completely drawn 
up toward the fetal chest. And fi nally, the fetus may lie 
in an oblique position. When the fetus lies obliquely, 
it’s good practice for the examiner to indicate either 
 vertex or breech oblique presentation plus which side 
the  fetal head is lying (e.g., “breech oblique fetal lie–
head  maternal right”)(Fig. 20-3). 

 THE THORAX 
 The thorax is surrounded by the spine and ribs and is 
separated from the abdominal cavity by the diaphragm 
(at the base of the lungs). When examining the thorax 
and its contents, start at the thoracic inlet at the base 

 Figure 20-2 Dual display image demonstrating the stomach on the 
left side of the display and the heart on the right side of the display. 
Gives the interpreting physician confi dence that the stomach and 
the heart are on the same side within the fetus. 
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Fetal Position Based on Spine Location

Position Sonographic Image

Breech fetal position with the fetal spine toward the 
top of the monitor indicates a prone lie.

Vertex fetal position with the spine toward the top of 
the monitor indicates a prone lie.

Breech fetal position with the spine toward the bottom 
of the monitor indicates a supine lie.

Vertex fetal position with the spine toward the bottom 
of the monitor indicates a supine lie.

Vertex fetal position with the spine toward the right 
side of the monitor indicates the fetus is lying on its 
left side.

TABLE 20-2
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scapulae ossify beginning at 10 to 11 weeks, and ossifi -
cation of the sternum begins between 21 and 27 weeks. 3  
As the pregnancy progresses, more  hypoechoic, purely 
cartilaginous structures may also be visualized. 

 The clavicles are seen as bright echoes at the junc-
tion of the fetal neck and thorax. Their hypoplasia or 
aplasia may be noted as part of several clinical syn-
dromes. In the transverse plane, the clavicles should 
be symmetric. At times, especially in older fetuses, it 
may be diffi cult to image the clavicles in their entirety 
because of their natural curvature. Clavicular growth 
has a direct relationship to gestational age. 4  

 Ribs appear as echogenic bands projecting in a fan-
like pattern from the spine. It is diffi cult to image large 
portions of adjacent ribs because of their curvilinear 
shape. Use 3D techniques for better visualization of the 
ribs (Figs. 20-4 and 20-5). Assess the ribs for symmetry, 
as this is an indication of the correct scan plane for 
biometric measurements (e.g., thoracic and abdominal 
circumference [TC/AC]). Particularly thick or thin ribs 

of the neck (the level of the clavicles) and continue 
through the diaphragm. As with most anatomy, trans-
verse and longitudinal views are taken. The examiner 
should assess the fetal heart, the pulmonary echotex-
ture, the diaphragm, the bony elements (for symmetry), 
and the chest size (in relation to the fetus in general 
and in relation to the fetal abdomen in particular). With 
additional effort, smaller structures such as the fetal 
trachea, thyroid, and esophagus may be visualized. 

 BONY ELEMENTS OF THE THORAX 

 The bony thorax consists of the clavicles, ribs, scapulae, 
vertebral bodies, and sternum. The bony thorax sur-
rounds the lungs, heart, and mediastinum. In the early 
stages of pregnancy, only ossifi ed portions of the fetal 
skeleton are imaged (seen as areas of increased echo-
genicity). Knowledge of the timing of ossifi cation center 
development may help in determining  gestational age. 
The clavicles ossify as early as 8 to 9 weeks, the ribs and 

Fetal Position Based on Spine Location

Position Sonographic Image

Breech fetal position with the spine toward the right 
side of the monitor indicates the fetus is lying on its 
right side.

The fetus is vertex and the transverse spine is on the 
left side of the monitor, therefore the fetus is lying on 
its right side.

The fetus is breech and the transverse spine is on the 
left side of the monitor, therefore the fetus is lying on 
its left side.

TABLE 20-2 (continued)
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Body Scientific - w

 Figure 20-3 A–F: Fetal position variations. 
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 SOFT TISSUE STRUCTURES OF THE CHEST 

 The muscles of the chest wall are hypoechoic and thin. 
They become somewhat more evident as the pregnancy 
progresses through the third trimester. The soft tissues 
may appear thick with generalized fetal edema or be-
cause of subcutaneous fat deposits in infants of diabetic 
mothers. Anterior chest wall masses consistent with fe-
tal breasts under the infl uence of maternal hormone 
stimulation may be seen in fetuses of either sex. 

 CHEST BIOMETRY 

 Thoracic measurements may be taken in an attempt 
to assess gestational age or to rule out pulmonary hy-
poplasia. TC measurements (outer edge to outer edge) 
are obtained from a true transverse view just above the 

suggest abnormality (e.g., the ribs of a patient with os-
teogenesis imperfecta may be particularly thin). 

 The echogenic scapula images external to the ribs 
and surrounded by hypoechoic musculature. The typi-
cal scapula has a sonographic appearance of a Y or 
V shape, depending on the angle of insonation. 3D 
sonography is useful when assessing the scapula 
(Fig. 20-6). 

 Examine the vertebrae for convergence of the 
paired posterior ossifi ed elements toward the nonos-
sifi ed spinous process and a single anterior element 
(Fig. 20-7). Evaluate the posterior skin surface to rule 
out the possibility of a break in the skin surface asso-
ciated with myelomeningocele. The sternum is highly 
variable with respect to the development of its ossifi -
cation centers. 

 Figure 20-4 3D multiplanar image 
demonstrating the ribs in the bot-
tom left display. 

 Figure 20-5  A:  3D multiplanar image demonstrating a rendered view of the ribs in the bottom right display.  B:  3D image demonstrating the 
ribs using volume contrast imaging (thick slice display). 

A B



 512 PART 2 — OBSTETRIC SONOGRAPHY

 Figure 20-6 3D multiplanar image 
demonstrating the scapula  (green 
arrows) . 

 Figure 20-7 2D image demonstrating the two posterior and one 
anterior ossifi ed elements of the spine  (green arrows) . 

diaphragm at the level of the fetal heart (Fig. 20-8). A 
detailed explanation of the cardiothoracic ratio (CTR) 
technique can be found in Chapter 22. 

 Because the major components of the thorax are the 
heart and lungs, a signifi cant decrease in lung volume, 
as found with pulmonary hypoplasia, should be refl ected 
by TC measurements that are low for the patient’s pre-
dicted gestational age. Many sonologists evaluate the TC 
by gestalt. A more exacting approach to evaluating a fetus 
for pulmonary hypoplasia would be analyzing the TC/AC 
ratio. Not all low TC/AC ratios are caused by pulmonary 
hypoplasia and may be the result of a small thorax, often 

associated with various skeletal dysplasias. A normal 
TC also may be maintained in spite of pulmonary hy-
poplasia. Sonographic correlation of biometric measure-
ments with the actual intrathoracic image is necessary 
for proper diagnosis. As a good rule of thumb in assess-
ing the intrathoracic contents, a transverse view of the 
chest (at the level of the atrioventricular valves) should 
show the heart occupying about one-third of the thorax. 
If the heart (in the transverse view) appears to occupy 
more than its share of the thorax, pulmonary hypoplasia 
should be considered, as well as the more obvious pos-
sibility of cardiomegaly. 

 THE LUNGS 

 Embryology 
 Lung development occurs throughout gestation, re-
sulting in the division of development into stages. 
These stages, embryonic, pseudoglandular,  canalicular, 

 Figure 20-8 Thoracic circumference measurement. 
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to dorsal plane (Fig. 20-13). 8,9  For more information re-
garding VOCAL, refer to Chapter 32, “3D/4D Imaging in 
Obstetrics and Gynecology.” 

 MRI 

 Fetal lung imaging with MRI helps in estimating the rela-
tive lung volume, as low volume increases fetal risk for 
pulmonary hypoplasia. 5  MRI fetal lung imaging has an 
advantage over sonography in the case of maternal obesi-
ty and oligohydramnios, when imaging becomes diffi cult 
with ultrasound. 10  The T1-weighted image (T2WI) ob-
tained with a fast spin technique demonstrates the lungs 
as hypointense because of amniotic fl uid (Fig. 20-14). 11  

 THE DIAPHRAGM 

 Embryology 
 Development of the diaphragm completes at the end 
of week 8 with the fusion of the septum transversum, 
pleuroperitoneal membranes, dorsal mesentery of the 
esophagus, and muscular ingrowth from the lateral body 
walls. 5,6  Early in the gestation, at about 24 days, the sep-
tum transversum is close to the caudal end of the em-
bryo. As the diaphragm develops and the embryo grows, 
the diaphragm moves closer to the caudal end of the em-
bryo. At approximately 52 days, the diaphragm has be-
come located in approximately midembryo (Fig. 20-15). 6  

 Imaging Findings 
 Sonography 

 The diaphragm is seen as a thin, hypoechoic, dome-
shaped muscular band separating the abdominal cavi-
ties from the thoracic’s more echogenic lung tissues. 5,12  
The sagittal plane displays the diaphragm’s convex 
upper surface forming the fl oor of the thoracic cavity 
and its concave lower surface forming the roof of the 
abdominal cavity (Fig. 20-16). Imaging the diaphragm 
can help differentiate cystic intrathoracic masses of pul-
monary origin from those that are of intra-abdominal 
origin. However, as with all curved structures, even 
when the fetus is positioned optimally, the entire struc-
ture may not be visualized and small defects may be 
missed. Fetal breathing may be detected by diaphrag-
matic motion when the pregnancy nears term. 

 MRI 

 The diaphragm images quite similar on the MRI as on 
the sonographic image. The dome-shaped muscular 
structure displays as a darker area located between the 
chest and abdominal organs (Fig. 20-17). 

 THE THYMUS 

 Embryology 
 Several balloonlike diverticula, pharyngeal pouches, 
give rise to structures of the mouth and upper chest. 
These four pouches result in multiple organs,  however, 

 terminal saccular, and alveolar, begin in the fourth 
week of gestation. 

 The lungs begin development in the embryo as a di-
verticulum extending from the tracheal bud. Once these 
develop into two outpouchings, the primary bronchial 
buds grow laterally into what will become the pleu-
ral cavity. In the fi fth week, these buds join with the 
primitive trachea to form the bronchi. During the pseu-
doglandular period, the bronchi divide into secondary 
bronchi forming the lobar, segmental, and intersegmen-
tal branches. All the segmental bronchi form between 
the eighth and ninth week of gestation. At approximate-
ly the 16th to 28th week, during the canalicular period, 
vascularization and the terminal bronchioles increase in 
size. Because of the different development rates of the 
cranial and caudal lobes, the pseudoglandular and can-
alicular periods overlap. Respiration becomes possible 
during the 24th week because of some development of 
the terminal saccules. From 26 weeks to birth, during 
the terminal saccular period, there is continued devel-
opment of the saccules and an increase in the ability of 
the lung to perform gas exchange. The alveolar period 
overlaps the terminal saccular from approximately 32 
weeks to birth. During this time, the surfactant produc-
tion increases, branching of the airways continues, and 
the blood–gas barrier thins (Fig. 20-9). 5,6  

 Imaging Findings 
 Sonography 

 The lungs are separated from these abdominal organs 
by the diaphragm. Each lung may be compared to its 
counterpart. Normal fetal lungs have a homogeneous 
echotexture. Sagittal and coronal views allow the echo-
genicity of the lungs to be compared with that of the 
liver or spleen. Early in gestation, lung echogenicity is 
equal to or slightly less than that of the liver. As  gestation 
progresses, lung echogenicity increases progressively 
until it is greater than that of the liver during gestation 
(Figs. 20-10 and 20-11). 7  Sonography is not reliable to 
indicate fetal lung maturity. It may be used to assess fetal 
maturity and gestational age when elective delivery later 
in pregnancy is considered. Amniocentesis remains the 
gold standard in accessing lung maturity. 

 Color and power Doppler imaging becomes helpful, 
as underdevelopment of the lungs results in decreased 
fl ow. Some studies have shown that detection of color 
fl ow within the lung supersedes the use of MRI for di-
agnosis (Fig. 20-12). 7  

 The use of a 3D data set to obtain lung volumes be-
came possible with the development of virtual organ 
computer-aided analysis (VOCAL). Several studies con-
fi rm the usefulness and interobserver reliability of ob-
taining the lung volume via a 3D data set. 8  The speed of 
the data acquisition becomes important in imaging the 
mobile fetus, and detection of the often irregular lung 
via VOCAL increases accuracy. The best acquisition 
plane for this volume is transverse imaging in a ventral 
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 Figure 20-9 Lung development during the embryonic  (A–F)  and pseudoglandular  (G,H)  stages of organogenesis. The overall branching 
 pattern of the primitive lung (left panels) results in the development of the bronchial tree. The histologic organization of the fetal lung becomes 
more complex as branching morphogenesis progresses through these stages (right panels). 
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A B
 Figure 20-10  A:  Sagittal plane looking from ventral to dorsal demonstrating the lung  (arrow)  seen early in gestation. The bowel  (open arrow) , 
located below the domed hypoechoic diaphragm, has a less uniform appearance.  B:  The transverse image demonstrates the dorsal spine (Sp) 
at the top of the image with the lungs  (star) . (Image B courtesy of Philips Medical Systems, Bothell, WA.) 

A B
 Figure 20-11  A:  Fetal lungs are more hypoechoic earlier in gestation.  B:  Fetal lungs are more hyperechoic later in gestation. 

 Figure 20-12 Color Doppler image of lung vasculature helps rule 
out pulmonary agenesis. (Image courtesy of Philips Medical Systems, 
Bothell, WA.) 
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 Figure 20-13 To perform a semiautomatic VOCAL measurement, trace the lung on all three multi-planar reconstruction (MPR) images and 
activate the volume. In this case, the estimated lung volume of the right lung is 10.54 cm 3 . 

A B

C

 Figure 20-14  A:  Sagittal HASTE image through fetal spine and 
body.  B:  Axial HASTE image through fetal thorax.  C:  Coronal HASTE 
image through fetal thorax. 



 Figure 20-15 The diaphragm forms from the transverse septum, ingrowth of the pleuroperitoneal membrane from the lining of the cavity, a 
bit of dorsal mesentery of the foregut, and lastly, ingrowth of mesoderm from the body wall. The diaphragm is not a circular disc but a sheet 
of muscle that lies across the body over the liver and the stomach. The characteristic shape is due to migration in from the perimeter to give 
the central part more room to form a dome. Because it is formed from different sources, its sensory and motor supplies also come from sepa-
rate sources. Motor fi bers follow the transverse septum down from the head region (via the phrenic nerve of the cervical region), and sensory 
fi bers come from both the phrenic and the same nerves that serve the body wall in this area (via intercostal nerves). (From Sadler T.  Langman’s 
 Medical Embryology . 9th ed. Image Bank. Baltimore, MD: Lippincott Williams & Wilkins; 2003.) 
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 Figure 20-16 The diaphragm  (green arrows)  is the curved, hypoechoic 
structure separating the thoracic and abdominal cavities. 

 Figure 20-17 Large fi eld of view T2-weighted sagittal image dem-
onstrates the brain, chest, abdomen, and leg of a 20-week fetus. 
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only the third pharyngeal pouch contributes to the 
formation of the thymus (Fig. 20-18). The thymus de-
scends from the superior mediastinum to its fi nal loca-
tion posterior to the sternum (Fig. 20-19). 6  

 Imaging Findings 
 Sonography 

 The thymus is located posterior to the sternum at the 
level of the great vessels of the heart, anterior to the 
aorta and pulmonary artery. 13  It is a hypoechoic struc-
ture sonographically (Fig. 20-20). The thymus is rarely 
imaged in the routine targeted exam unless large pleu-
ral effusions are present. 14  Assessing the fetal thymus 
may be useful when determining intrauterine growth 
restriction (IUGR) and predicting chorioamnionitis. 

 MRI 

 The T2WI obtained with a fast-spin technique demon-
strates the thymus as an intermediate signal. 11  

 THE LARYNX 

 The larynx is located in the fetal neck anterior to the 
trachea at the level of the third to sixth cervical verte-
brae (Fig. 20-21). The oropharynx and laryngeal phar-
ynx are occasionally seen when they are fi lled with fl uid 
(Fig. 20-22). Transverse scans through the upper neck are 
quite successful for visualizing the pharynx, but longitu-
dinal coronal images display the anatomy to a greater ad-
vantage. 13  Laryngeal atresia or stenosis may be suspected 
with the presence of a persistently fl uid-fi lled trachea. 12  
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 Figure 20-18 Coronal views of pharyngeal arch transformations. The fi rst pouch hardly changes  (A) . It remains as a thin barrier between outside 
and inside—the tympanic membrane of the ear. On the inner side is the auditory tube, which is open to the throat, and on the outer side is the ear 
canal. The remaining clefts smooth over as a result of expansion and descent of the second arch, leaving the possibility of a trapped cyst or fi stula 
in the connective tissue of the neck  (B) . The second pouch harbors a condensation of lymphatic tissue—the future tonsil  (C) . Parathyroid glands 
and critical immunologic tissue (the thymus gland) develop from involutions of the third and fourth pouches. From the midline of the  ventral 
pharynx, the thyroid gland originates from the lining of the foramen cecum and descends external to the gut tube (C). (Adapted from Sadler 
TW.  Langman’s Medical Embryology . 10th ed. Baltimore, MD: Lippincott Williams & Wilkins; 2006. Fig. 16.10A & B, p. 263; Fig. 16.11, p. 264.) 



 20 — Ultrasound of the Normal Fetal Chest, Abdomen, and Pelvis 519

 THE ABDOMEN 
 Early in the second trimester, the fetal abdominal or-
gans have attained their normal adult position and 
structure. The liver, kidneys, and adrenal glands are 
readily identifi able. The anechoic gallbladder, stom-
ach, and blood-fi lled large vessels make them readily 
distinguishable from surrounding organs. Visualiza-
tion of the spleen is more variable, and the pancreas 
is seen far less often. Collapsed small bowel and, in 
the third trimester, fl uid- or meconium-fi lled colon are 
often seen. 

 Assess the fetal abdomen in the transverse, coronal, 
and sagittal planes, using angular transducer manipu-
lations to visualize the various organs. The transverse 

plane is used to visualize the spine, ensuring the pos-
terior elements are parallel to each other and do not 
 diverge or splay outward from the central vertebral 
body. The presence of an intact skin surface overly-
ing the individual vertebral bodies is a helpful second-
ary sign to rule out myelomeningocele (spina bifi da) 
(Fig. 20-23). Suffi cient surrounding amniotic fl uid and 
some distance from the uterine wall surface is needed 
to image the skin surface adequately. Images are re-
corded of the transverse view of the upper abdomen 
for AC measurements. This level usually demonstrates 
adequate views of the stomach and liver (Fig. 20-24). 
Continuing caudally down the abdomen, a transverse 
view is obtained to confi rm the presence of two kid-
neys and to evaluate their anatomy (Fig. 20-25). A 
sagittal view of the thorax, abdomen, and pelvis al-
lows evaluation of the relative size of the thorax and 
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 Figure 20-21 The larynx is located anterior to the trachea. 

 Figure 20-19 The thymus is located posterior to the sternum and 
anterior to the great vessels of the heart. 

 Figure 20-20 The thymus (between the  green arrows ) is more 
 hypoechoic when compared to the surrounding tissues. 

 Figure 20-22 The oropharynx/laryngeal pharynx momentarily fi lled 
with fl uid during fetal breathing/swallowing. 
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 Figure 20-23 Transverse lumbar spine image demonstrating the 
parallel posterior elements  (green arrows)  and an intact skin surface 
overlying the spine  (yellow curved line) . 

 Figure 20-24 AC image demonstrating the stomach and liver. 

 Figure 20-25 Bilateral kidneys  (green arrows)  demonstrated in the 
transverse plane. 

 Figure 20-26 HD fl ow (directional power Doppler) demonstrating 
the two umbilical arteries  (green arrows)  coursing caudally along the 
fetal bladder. 

abdomen, as well as the relation of umbilical vessel 
entry to the anterior abdominal wall. Umbilical vessel 
entry can also be readily noted on a transverse section 
of the abdomen taken at the level of the umbilicus. 
Both umbilical arteries traverse caudally from the ab-
dominal insertion toward the fetal bladder (Fig. 20-26), 
while the umbilical vein courses cephalic into the left 
portal vein. 

 The abdomen and its contents are checked for con-
genital abnormalities on transverse, sagittal, and coro-
nal views. While assessing the abdomen, evaluate the 
fetal body surface and orientation of the contained 
fetal structures. Right parasagittal views through the 
thorax and abdomen allow further comparison and 
evaluation of fetal lung and liver (Fig. 20-27A). Left 
parasagittal views denote the stomach and left kidney 
(Fig. 20-27B). Midline sagittal images allow evaluation 

of the umbilicus in relation to the fetal anterior ab-
dominal wall. The umbilical vein can be followed in its 
course from the anterior abdominal wall into the liver’s 
left portal vein. 

 Transverse and, to a lesser extent, sagittal views 
can help determine the relationship of the abdominal 
 organs (abdominal situs) to the intrathoracic organs, in 
particular, the position of the fetal heart and its apex. 
There is an increased incidence of anomalies among 
 fetuses and children with partial situs inversus (i.e., 
with their cardiac apex on the opposite side of the body 
from the fetal stomach). Mirror imaging of the thoracic 
and  abdominal contents, also known as situs inver-
sus totalis (i.e., with the heart on the right side of the 
thorax and the abdominal organs transposed, with the 
spleen and stomach on the right and the liver and gall-
bladder on the left side), has only a minimal increased 



 20 — Ultrasound of the Normal Fetal Chest, Abdomen, and Pelvis 521

A B
 Figure 20-27  A:  Sagittal view through the fetal right side demonstrating the lung, liver, and right kidney.  B:  Sagittal view through the fetal left 
side demonstrating the stomach and left kidney. 

incidence of abnormalities. Therefore, it is important to 
determine the arrangement of these structures in the 
fetus. When in cephalic presentation, a fetus with nor-
mal abdominal situs should have its spine,  stomach, 
and umbilical vein imaged in a clockwise manner on a 
transverse  image. These structures would be in a coun-
terclockwise arrangement when imaged on a transverse 
view of a fetus in breech presentation (Fig. 20-28). 
When the fetus is in a transverse lie, it is necessary 
to envision the lie of the fetus within the uterus, then 
determine the fetal stomach and heart’s lie (should 
be on the fetal left side). If the organs are aligned this 
way, the situs is normal or, at the very least, there is 
situs  inversus totalis, which, again, is cause for far less 
 worry than partial situs inversus. 

 As with the thorax, anatomic evaluation of the ab-
domen depends on fetal position, fetal fl exion, and 

 Figure 20-28 Fetus in cephalic presentation demonstrating fetal 
spine, stomach, and umbilical vein aligned in a clockwise  (green arrows)  
arrangement. 

an adequate amount of surrounding amniotic fl uid. Sig-
nifi cant maternal body fat may limit fetal evaluation. 

 ABDOMINAL SOFT TISSUES 

 Sonographically, the abdominal wall displays an outer 
echogenic skin line and a deeper, 1- to 3-mm hypoecho-
ic muscular layer. Occasionally, thin echogenic lines 
may be seen that represent fascial planes between the 
three main muscle groups (the internal oblique, trans-
verse abdominal, and external oblique). The hypoechoic 
muscular layer is often referred to as pseudoascites and 
should not be confused with true ascites, which would 
have a more crescent shape (Fig. 20-29). When the fetal 
abdomen is fl exed laterally, folds of fat may at times be 
visualized along the lateral skin line (Fig. 20-30). 

 UMBILICAL CORD AND ABDOMINAL 
VASCULATURE 

 The allantois, a caudal outpouching of the yolk sac 
(not visible sonographically), is involved in early blood 
production (Fig. 20-31). Its blood vessels eventually 
become the umbilical artery and veins. The umbilical 
cord consists of two umbilical arteries and one umbili-
cal vein (Fig. 20-32). In 1% of singleton pregnancies, 
the right umbilical artery regresses or does not form, 
and there is a single umbilical artery. 15  A two-vessel 
cord is more common in twins than singletons. 15,16  Usu-
ally, a single umbilical artery is not signifi cant, but it 
has been associated with gastrointestinal tract, renal, 
and cardiac abnormalities, as well as an increased inci-
dence of trisomy. 12,16  

 A major difference between fetal and adult abdominal 
anatomy is that the fetus has patent umbilical vessels and 
its ductus venosus acts as a conduit between the portal 
and systemic veins. The thin-walled single umbilical vein 
enters the anterior abdomen, taking a cephalad-oblique 
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A B
 Figure 20-29 A,B: Hypoechoic pseudoascites  (green arrows)  are normal and should not be confused with true ascites, which would have a 
more crescent shape. 

A B
 Figure 20-30  A:  Normal lateral skin folds demonstrated when fetus fl exes its abdomen.  B:  3D rendered image demonstrating normal skin 
folds when the fetus fl exes its abdomen. 

 BIOMETRY IN THE NORMAL ABDOMEN 

 Abdominal Circumference 
 The AC has proved to be a key and accurate measure-
ment in the evaluation of gestational age and fetal 
weight and in ruling out asymmetric growth. Fetuses 
from diabetic mothers often have increased abdomi-
nal tissue and therefore a larger AC measurement than 
nondiabetic mothers. The AC should be measured in 
a true axial plane of the abdomen, demonstrating the 
transverse spine, left-sided stomach, and the umbilical 
vein entering into the left portal vein (Fig. 20-37). Mea-
surements are made along the outer perimeter of the 
abdomen. Indications of proper positioning include a 
circular abdominal outline, equidistant left- and right-
side rib echoes, and  visualization of the three ossifi -
cation centers of the vertebral body. A long segment 
of the intrahepatic portion of the umbilical vein, es-
pecially if it extends anteriorly, suggests an oblique 

course and enters the left portal vein (Fig.  20-33). Some 
fetal blood fl ows from the left portal vein into the narrow 
channel of the ductus venosus, bypassing the liver and 
entering the systemic venous system by the left hepatic 
vein or inferior vena cava, but more typically, it fl ows 
medially into the right portal vein, perfusing the liver. 
After birth, the ductus venosus closes and is seen as an 
echogenic line in the fi ssure of the ligamentum venosum 
between the left and the caudate lobes. 

 The two umbilical arteries, which carry most of the 
fetal aortic blood to the placenta, can be followed cau-
dad from the anterior abdominal wall cord insertion 
site (Fig. 20-34) to the internal iliac arteries, which are 
just lateral to the bladder. The vessels can be followed 
to their origin at the iliac artery bifurcation (Fig. 20-35). 
The abdominal aorta and inferior vena cava can often 
be seen throughout its course and is often an aid in 
noting the expected position of the kidneys on coronal 
views (Fig. 20-36). 
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 Figure 20-31 Formation of the umbilical cord. The original yolk sac gets pinched off by lateral and longitudinal folding except for a  dwindling 
pouch in the very center of the embryo. This is now called the vitelline duct, and it is a blind pouch that simply dangles there until the 
 connecting stalk crashes into it during longitudinal folding, after which the vitelline duct and the blind pouch called the allantois incorporates 
with the connecting stalk as the umbilical cord. (Adapted from Sadler T.  Langman’s Medical Embryology . 9th ed. Image Bank. Baltimore, MD: 
 Lippincott Williams & Wilkins; 2003.) 

 Figure 20-32 A transverse image of a normal umbilical cord dem-
onstrating one umbilical vein and two smaller umbilical arteries. 

rather than a true axial view. Angulated views that in-
clude the lungs are not acceptable. A common error 
in AC measurements is measuring only to the boney 
structures (ribs/spine). The correct AC measurement 
should include the soft tissue surrounding the ribs/
spine. The AC can be measured using an ellipse func-
tion or by measuring the circumference from the two 

diameters (e.g.,  transverse abdominal diameter and 
anterior-to-posterior abdominal diameter). 

 LIVER, GALLBLADDER, PANCREAS, AND 
SPLEEN 

 Embryology 
 The liver, gallbladder, ducts, and pancreas develop 
from the embryonic foregut. In the fourth week, an out-
growth develops on the caudal portion of the forgut. 
The hepatic diverticulum becomes the liver. The rapid 
growth of the liver from the 5th to 10th week results 
in the liver occupying most of the abdominal cavity. 
The second-trimester liver makes up 10% of the total 
weight, decreasing to 5% by term. 6,13  Functional lobes 
of the liver depend on the fl ow of oxygenated umbilical 
vein blood. In the 6th week, the bright red appearance 
of the liver is due to the start of hematopoiesis. Bile 
secretion begins in the 12th week. 

 The gallbladder forms from a caudal portion of the 
hepatic diverticulum. Ducts canalize through degenera-
tion of epithelial cells, resulting in the tubular bile duct. 
After the 13th week, bile empties into the duodenum 
through the duct, resulting in the dark green color seen 
with meconium. 

 Concurrent development of the pancreas begins 
with development of two pancreatic buds.   The dorsal 
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 Figure 20-33 Diagram of fetal circulation showing umbilical vein coursing cephalic to the left portal vein. 

Figure 20-34 Transverse view of the abdominal umbilical cord  (green 
arrows)  insertion.



 20 — Ultrasound of the Normal Fetal Chest, Abdomen, and Pelvis 525

 Figure 20-35 Coronal view demonstrating the aorta and iliac arteries. 

 Figure 20-36 3D glass body rendering of the aorta and inferior vena 
cava and associated renal veins/arteries. 

 Figure 20-37 AC measured at the level of the transverse spine, 
stomach, and umbilical/portal vein using an ellipse measurement. 

and ventral pancreatic buds develop, with the ventral 
forming the uncinate process and head of the pancreas. 
This portion of the pancreas follows the bowel rotation, 
placing the ventral bud in close proximity of the dorsal 
bud. These two portions fuse and the ducts fuse. 

 The spleen is part of the lymphatic system rather 
than the digestive; however, because of the concurrent 
development and rotation, the spleen is grouped with 
the digestive organs. The spleen develops during the 
fi fth week of gestation as a lobulated organ located in 
the midline between the stomach and aorta. The organ 
contour smoothes before birth, occupying the charac-
teristic left upper quadrant location after the midgut ro-
tates and the liver moves into the right upper quadrant 
(Fig. 20-38). 

 Imaging Findings 
 Sonography 

 The fetal liver is a large, homogeneously echogenic organ 
occupying the right upper quadrant and crossing midline 
to the left. In an adult, the right lobe of the liver is much 
larger than the left lobe. In the fetus, the left lobe is as 

large as or slightly larger than the right lobe. This may 
make it diffi cult to determine which side of the body is 
being imaged unless the fl uid-fi lled, left-sided stomach 
is visible. The liver grows throughout pregnancy. 

 The gallbladder, in its position to the right of midline, 
separates the right lobe from the medial left lobe, as does 
the middle hepatic vein. Use color Doppler to differenti-
ate the fl uid-fi lled gallbladder (Fig. 20-39A) from the 
tubular intrahepatic portion of the umbilical vein (there 
should not be color fl ow in the  gallbladder). Key differ-
entiating points are the gallbladder’s usually teardrop 
shape, its off-midline position (rather than midline), its 
extrahepatic location (posteroinferior to the liver), and 
the lack of communication between the gallbladder and 
vessels of the umbilical cord (Fig. 20-39B). Unlike the 
umbilical vein, the gallbladder does not reach the ante-
rior abdominal wall. The gallbladder is passive in fetal 
life and does not respond to fat ingested by the mother. 
Absence of the gallbladder may be associated with sev-
eral conditions, including biliary atresia. 

 The pancreas is rarely discretely imaged. Its echo-
genicity is similar to that of surrounding structures. Oc-
casionally, the fl uid-fi lled stomach and the location of 
the pancreas anterior to the splenic vein may aid in its 
identifi cation (Fig. 20-40). Fetal pancreatic echogenicity 
is slightly greater than that of the liver. 

 The spleen is not always easily visualized. It is ho-
mogeneous and located posterior to the stomach and 
superior to the left kidney in the left upper abdomen. It 
is best seen on transverse scans. The spleen is similar 
in echogenicity to the kidney and slightly less echo-
genic than the liver (Fig. 20-41). 

 MRI 

 The T2WI demonstrates the liver and spleen as a dark 
structure, while the T2WI shows isointense organs. As 
with sonography, the gallbladder images as a cystic 
structure inferior to the liver 17  (Fig. 20-14). 
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 Figure 20-38  A–B: The accessory organs of digestion (liver, gallbladder, and pancreas) fi rst emerge as buds of the foregut tube in the space 
provided by the ventral mesentery.  C–E:  As the organs enlarge and move, the foregut mesentery goes with them and persists in the same 
way that the dorsal mesentery does. (From Sadler TW.  Langman’s Medical Embryology . 10th ed. Baltimore, MD: Lippincott Williams & Wilkins; 
2006. Figs. 14.14 and 14.15, p. 212; from  Stedman’s Medical Dictionary . 27th ed. Baltimore, MD: Lippincott Williams & Wilkins; 2000.) 
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 STOMACH AND BOWEL 

 Embryology 
 The stomach begins as a dilation of the stomach primo-
rium site in the fourth week. The greater curvature of 
the stomach is the result of faster growth of the dorsal 
border. At the same time, the caudal portion of the fore-
gut, splanchnic mesenchyme, and the cranial portion 
of the midgut begin to form the duodenum. During the 
fi fth to sixth weeks, the duodenal lumen closes until 
degeneration of the epithelial cells resulting in the re-
canalized lumen at the end of the fi rst trimester. 6  

 In the fi rst part of the sixth week, the midgut be-
gins to elongate, forming a U-shaped gut loop, which 
creates the physiologic umbilical herniation imaged in 
the fi rst trimester. This herniation, into the proximal 
portion of the umbilical cord, contains structures that 
will become the small intestine, most of the duodenum, 
cecum, appendix, ascending colon, and two-thirds of 

the transverse colon. The yolk stalk or vitelline duct 
provides communication between the midgut and yolk 
sac through the 10th week. At this stage, the liver and 
kidneys fi ll most of the abdomen, resulting in umbilical 
herniation of the rapidly growing midgut structures. In 
the latter portion of the fi rst trimester, and after midgut 
loop rotation, the intestinal structures return to the ab-
domen (Fig. 20-42). This reduction of the physiologic 
midgut herniation results in positioning of the bowel in 
the locations found in the neonate and adult. 6  

 Imaging Findings 
 Sonography 

 The stomach (Fig. 20-43A) images consistently in the 
second trimester because of variable fi lling of echo-free 
fl uid. Because of the periodic fi lling and emptying of 
the stomach, an absent stomach requires further exami-
nation over time (several hours or on a follow-up ex-
amination). An absent stomach may be associated with 

A B
 Figure 20-39  A:  Transverse view of the fetal abdomen demonstrating no color fl ow in the gallbladder.  B:  Dual format of a coronal view of the 
fetal abdomen demonstrating no color fl ow in the gallbladder, stomach, and fetal bladder. 

 Figure 20-40 Fetal pancreas ( green arrows ) is demonstrated as 
slightly more echogenic than the surrounding anatomy.  Figure 20-41 Fetal spleen and left kidney. 
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 Figure 20-42 Normal midgut rotation is shown with appropriate positioning of the stomach, duodenum, small intestine, and cecum from the 
fi fth gestational week  (A)  through completion by the 12th week (E). 

A B
 Figure 20-43  A:  Sagittal view of the fetus demonstrating the anechoic stomach  (green arrow) .  B:  Echogenic debris  (green arrow)  within the 
fetal stomach. 
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abnormal outcomes. Echogenicity within the stomach 
fl uid has been seen in cases of third-trimester placental 
abruption; this may represent swallowed blood or ver-
nix (Fig. 20-43). The echogenicity within the stomach 
fl uid is commonly seen in the second trimester and dis-
appears on follow-up examinations. 

 Early in pregnancy, the midgut herniation images 
on the ventral portion of the embryo. This herniation 
is seen on the transverse image (Fig. 13-21A). Surface 
rendering of the embryo from the 3D data set also im-
ages the normal midgut herniation (Fig. 13-21B). By 
week 12, this normal herniation has been reduced and 
pathologic abdominal wall defects may be diagnosed 
thereafter. Before signifi cant amounts of fl uid enter it, 
the small bowel may appear as a heterogeneous, echo-
genic pseudomass without shadowing, occupying a 
substantial portion of the abdomen. It is more echo-
genic than the liver but typically less echogenic than 
bones. In the third trimester, the bowel becomes less 
echogenic and more sharply defi ned. The rate of fetal 
swallowing eventually overcomes the resorptive capac-
ity of the stomach and proximal duodenum, allowing 
fi lling of the distal small bowel. Peristalsis may be seen 
in the small bowel that occupies the central abdomen. 
Normal fetal small bowel increases in diameter as ges-
tational age increases. 

 The colon is a long, continuous, tubular structure 
with a hypoechoic lumen at the abdominal periphery 
(Fig. 20-44). Although it may be seen as early as the 
late second trimester, it is usually visualized more con-
sistently in the third trimester. The transverse colon 
is seen most easily just caudad to the liver. The colon 
typically increases in diameter throughout the third tri-
mester. It has far less peristalsis than the small bowel 
(Fig. 20-45). Meconium is composed of the materials 
the fetus ingests during its gestation (e.g., mucous, am-
niotic fl uid, bile). It is less echogenic than the bowel 
wall and may be routinely noted in discrete portions 
of the colon. Sometimes, the normal colon with liquid 
meco nium is mistaken for cysts, dilated bowel, and 
other anomalies. 

 MRI 

 The MRI image demonstrates the stomach as a fl uid 
signal intensity. The distal small intestine and colon 
images hyperintense on T2WI and hypointense on the 
T1WI because of the presence of amniotic fl uid. The 
opposite is true in the presence on meconium. 17  Regard-
less of the type of MRI acquisition method, speed be-
comes important as the fetus seldom remains still for 
an extended period of time (Fig. 20-46). 

 GENITOURINARY SYSTEM 

 Embryology 
 The development of the genitourinary system is covered 
in detail in Chapter 2. 

 Imaging Findings 
 Sonography 

 Fetal urine becomes the primary source of amniotic fl uid 
in the latter half of gestation. 13  The presence of oligo-
hydramnios after 16 weeks’ gestation raises suspicion 
for a malfunctioning genitourinary system because of 

 Figure 20-44 Parasagittal image demonstrating the colon  (green 
arrows).  

 Figure 20-45 Transverse/oblique image demonstrating the fetal 
bowel  (green arrows).  

 Figure 20-46 Coronal HASTE image through fetal abdomen. 
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a lack of urine production. Although the fetal kidneys 
may be imaged as early as 10 to 12 weeks’ gestational 
age, the internal structures of the kidneys are not reli-
ably assessed before 14 to 16 weeks. The lack of signifi -
cant contrast between the kidneys and the nearby soft 
tissues decreases kidney identifi cation early in gestation. 
Because of increased contrast resolution and a decrease 
in artifacts, newer sonographic equipment has improved 
visualization of the kidney anatomy. In the case of poor 
kidney visualization, the incorporation of color Doppler 
imaging aids in documentation of the renal arteries. 

 On transverse images, the kidneys are hypoechoic, 
ovoid masses on either side of the spine (Fig. 20-47A).
Occasionally, the anechoic renal pelvis may be visual-
ized. The echogenic center of renal sinus fat is noted 
more consistently later in pregnancy. Parasagittal views 
of each kidney show them to be paraspinous and bean-
shaped. As in neonates, the normal hypoechoic med-
ullary pyramids (Fig. 20-47B) may be seen arranged 
in  anterior and posterior rows around the renal pelvis. 
They should not be mistaken for renal cysts. Kidney 
length ranges from 2 cm at 20 weeks to nearly 4 cm at 
term (Table 20-3). The renal pelvis is typically collapsed 
(i.e., not urine fi lled) and therefore is not imaged. If 
fi lled with urine, an anechoic renal pelvis may be noted 
(Fig. 20-48). This renal pelvic dilation is often evaluated 
by noting its anterior-to-posterior measurement. There 
is debate regarding how worrisome dilation is and how 
closely these fetuses should be monitored. Generally, al-
lowances of 5 mm of pelvic dilation up to 20 weeks and 
8 mm of pelvic dilation between 20 and 40 weeks. 18  This 
dilation may be related to transient fetal urinary refl ux 
or obstruction of pelvic urine outfl ow from a fl uid-fi lled 
fetal bladder. It is less worrisome if there is good bladder 
fi lling (evidence of at least one functioning and nonob-
structed renal system) and normal amounts of amniotic 
fl uid. Of key importance is the evaluation of this fetus 

and its kidneys when it is a neonate. This is best per-
formed at day 2 or 3 of life. 

 Another method to determine normalcy of the fe-
tal kidneys is through the calculation of the renal vol-
ume. The formula traditionally used (length  �  width 
 �  height  �  0.5233) often underestimates the actual 
volume. 19  3D sonography has increased the accuracy 
of determining renal normalcy through the calculation 
of a volume. After obtaining a 3D data set of the fetal 
kidney, the use of the VOCAL technique allows for au-
tomatic volume calculation of the bean-shaped organ 
(Table 20-4)(Fig. 20-49). 19  

   The adrenals are ovoid, triangular, or heart-shaped 
structures often imaged in the suprarenal area of the 
fetus. Adrenals may be imaged as early as the late fi rst/
early second trimester and are easiest to note in relation 
to the kidney on longitudinal images (Fig. 20-50A). On 
transverse view, the adrenals may resemble the shape 
of the kidney (Fig. 20-50B). This is particularly true 
in association with ipsilateral renal agenesis. There is 
an echogenic central medulla and a hypoechoic, thick 
outer cortex. 

 The fetal ureters are not normally visualized un-
less there is signifi cant genitourinary system refl ux 
or obstruction. The bladder (Fig. 20-51) is seen as an 
echo-free intrapelvic structure as early as 13 weeks’ 
gestational age. It is circular to oblong. Wall thickness 
cannot be appreciated in the normal bladder without 
the presence of ascites. It is a dynamic structure whose 
size varies with the degree of fi lling. The fetus voids 
about once per hour. If the bladder fi lls, at least one 
functioning kidney is present. If no bladder is seen on 
examination, a repeat examination is performed. Occa-
sionally, the bladder may appear distended when there 
is no pathologic process. When distended, normally or 
pathologically, the bladder rises out of the narrow pel-
vis and into the upper abdomen. 

A B
 Figure 20-47  A:  Transverse image of the bilateral fetal kidneys  (green arrows) .  B:  Sagittal image of the fetal kidney ( green arrows  outline the 
borders of the kidney). The normal hypoechoic medullary pyramids are visualized around the renal pelvis. 
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 TABLE 20-3 

 Mean 2D Renal Lengths for Various Gestational 
Ages 21–23  

 Gestational Mean Length (cm) 95%Confi dence
Age (wk)  Interval (cm) 

 18 2.2 1.6–2.8 

 19 2.3 1.5–3.1 

 20 2.6 1.8–3.4 

 21 2.7 2.1–3.2 

 22 2.7 2.0–3.4 

 23 3.0 2.2–3.7 

 24 3.1 1.9–4.4 

 25 3.3 2.5–4.2 

 26 3.4 2.4–4.4 

 27 3.5 2.7–4.4 

 28 3.4 2.6–4.2 

 29 3.6 2.3–4.8 

 30 3.8 2.9–4.6 

 31 3.7 2.8–4.6 

 32 4.1 3.1–5.1 

 33 4.0 3.3–4.7 

 34 4.2 3.3–5.0 

 35 4.2 3.2–5.2 

 36 4.2 3.3–5.0 

 37 4.2 3.3–5.1 

 38 4.4 3.2–5.6 

 39 4.2 3.5–4.8 

 40 4.3 3.2–5.3 

 41 4.5 3.9–5.1 

 Figure 20-48 Transverse image of bilateral urine-fi lled renal pel-
vises  (green arrows).  

 TABLE 20-4 

 Mean 3D Renal Volumes for Various Gestational 
Ages 19,24  

 Week Left Right 

  Mean Min-Max Mean Min-Max 
 Volume cm 2   Volume cm 2 

 20 1.8 0.6–3.0 1.5 0.32–2.7 

 21 2.6 1.1–4.0 2.2 0.4–3.6 

 22 3.3 1.6–5.1 3.0 1.4–4.6 

 23 4.1 2.0–6.1 3.7 2.0–5.5 

 24 4.6 3.0–6.3 4.5 2.2–6.6 

 25 5.3 3.4–7.5 5.0 3.1–6.9 

 26 5.7 3.9–7.6 5.6 4.0–7.2 

 27 7.0 4.6–9.3 6.6 4.9–7.9 

 28 7.7  4.3–11.0 7.5 5.7–9.1 

 29 8.9 4.6–13.1 8.2 6.7–9.7 

 30 8.8 5.4–12.2 8.5 5.6–12.0 

 31 9.8 6.7–12.9 10.0 7.7–12.3 

 32 10.6 7.9–13.3 10.2 7.7–12.7 

 33 11.2 6.5–16.0 11.0 7.0–15.1 

 34 12.1 8.3–15.9 12.1 9.1–15.0 

 35 13.2 7.6–18.8 12.6 8.2–16.9 

 36 14.0 8.0–19.9 13.4 8.8–17.9 

 37 14.7 8.6–20.9 14.8 9.3–19.8 

 38 15.5 9.0–22.0 14.8 9.8–19.8 

 39 16.3 9.5–23.0 15.6 10.4–20.7 

 40 17.2 2.0–24.1 16.3 10.9–21.7 

 MRI 

 Most of the time, sonography images the fetal uri-
nary tract; however, in cases of maternal body habi-
tus, overlying bony structures, or oligohydramnios, the 
MRI exam helps with fetal renal imaging. In the case 
of inconclusive sonographic fi ndings, MRI becomes the 
modality of choice. The urinary system, comprising the 
kidneys, renal pelvis, and bladder, images as fl uid-fi lled 
structures on the T2WI (Fig. 20-52). 17  

 THE PELVIS 

 The pelvis is a small structure in the fetus. Its sono-
graphic image is made up predominantly of the bones 
of the pelvis, the pelvic muscles, and the bladder. The 
bony pelvis consists of echogenic iliac crests separated 
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 Figure 20-49 VOCAL tracing of a 
fetal kidney. 

A B
 Figure 20-50  A:  Longitudinal view of the left fetal kidney and adrenal ( green arrows  outline the adrenal).  B:  Transverse view of both adrenal 
glands (yellow arrows). (Image B courtesy of Philips Medical Systems, Bothell, WA.) 

 Figure 20-51 Transverse image of the fetal bladder  (green arrow) . 
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 Figure 20-52 Coronal HASTE image through fetal kidneys. 
 Figure 20-53 Fetal pelvis demonstrating sacral ossifi cation centers, 
iliac bones, and normal soft tissue posterior to the sacrum. 

from the echogenic sacrum by the hypoechoic sacro-
iliac joint (Fig. 20-53). Three ossifi cation centers are 
noted along the sacrum. As in the craniocervical re-
gion, some soft tissue prominence may be noted in the 
lumbosacral region as hypoechoic density between skin 
and spine. Masses should not be seen. Thin fascial lines 
may separate the hypoechoic gluteal muscles. The is-
chium and pubis are noted as echogenic anterior densi-
ties, and often the echogenic, nonossifi ed femoral head 
can be seen at the acetabular area. 

 GENITALS 

 Embryology 
 The development of the external genitalia is covered in 
detail in Chapter 2. 

 Imaging Findings 
 Sonography 

 The identifi cation of fetal genitalia requires adequate 
visualization of the perineum. A crossed thigh can read-
ily hide a scrotum. Gender identifi cation is of clinical 

signifi cance when suspecting X-linked inherited disor-
ders, twin-to-twin transfusion, and other syndromes. 
Proof of different genitalia in twins can help prove dizy-
gosity and rule out twin-to-twin transfusion syndrome 
and other problems associated with monozygotic twins. 
Rare intersex problems may be diagnosed if there is a 
discrepancy in karyotype gender from visualized geni-
tals (e.g., testicular feminization syndrome, in which a 
fetus has a male karyotype and female genitalia). 

 In the male fetus, the penis and scrotum (Fig. 20-54) 
are readily visualized between the thighs. The sonogra-
pher must be aware of the possibility of a nearby um-
bilical cord simulating a penis. Voiding into the amniotic 
fl uid may be seen. Erections are not unusual. In the third 
trimester, testicles have typically descended into the scro-
tum and are noted as echogenic structures. 

 In female fetuses (Fig. 20-55), the labia majora are not-
ed as masses of moderate echogenicity off the perineum. 
A central linear echogenicity between them represents the 
labia minora. The normal ovaries,  uterus, and vagina are 
not typically visualized in a normal fetus. 

A B
 Figure 20-54  A:  Fetal male genitalia imaged displaying the scrotum and penis.  B:  3D rendered image of the male genitalia displaying the 
scrotum and penis. 
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 SUMMARY 
 • In obstetrics, the term vertex or cephalic indicates 

when the fetal head is down toward the cervix. 

 • Complete breech refers to when the buttocks present 
fi rst (toward the cervix) and both the hips and knees 
are fl exed. 

 • Incomplete breech or “footling” breech indicates that 
the fetus has one or both feet down so its legs are 
poised to deliver fi rst. 

 • Frank breech indicates that the fetal buttocks pres-
ent fi rst and that the hips are fl exed so the legs are 

straight and completely drawn up toward the fetal 
chest. 

 • Obtain thoracic measurements from a true transverse 
view just above the diaphragm at the level of the fetal 
heart .

 • Sonography is not reliable to indicate fetal lung ma-
turity; amniocentesis remains the gold standard in 
this assessment .

 • The thymus is located at the level of the great vessel of 
the heart, anterior to the aorta and pulmonary artery. 

 • The umbilical cord consists of one umbilical vein and 
two umbilical arteries. 

 • Usually, a single umbilical artery is not signifi cant, 
but it has been associated with gastrointestinal tract, 
renal, and cardiac abnormalities as well as an in-
creased incidence of trisomy .

 • Measure the abdominal circumference in a true axial 
plane of the abdomen, demonstrating the transverse 
spine, left-sided stomach, and the umbilical vein en-
tering into the left portal vein. 

 • Measurements are made along the outer perimeter of 
the abdomen. 

 • Absence of a visible stomach can be associated with 
abnormal outcomes; an absent stomach requires fur-
ther examination over time. 

 • Echoes within the stomach can be associated with 
swallowed blood. 

 • By week 12, the small bowel should not be herniated 
within the base of the umbilical cord. 

 • The internal structures of the fetal kidneys are not 
reliably assessed before 14 to 16 weeks. 

 • Normal hypoechoic medullary pyramids should not 
be mistaken for renal cysts. 

 • Proof of different genitalia in twins can help prove 
dizygosity and rule out twin-to-twin transfusion syn-
drome and other problems associated with monozy-
gotic twins. 

 Figure 20-55 Female genitalia displaying the labia majora and labia 
minora. 

 Case 1 Images: 

  1. A 36-year-old patient presented for a targeted ultra-
sound because of advanced maternal age. The exam 
was unremarkable with the exception of echoes 
appearing within the fetal stomach. The sonographer 
imaged the stomach echoes in both sagittal and trans-
verse planes to ensure that they were not artifacts. 
Once the echoes were confi rmed nonartifactual, the 
sonographer interrogated the patient to determine if 
she had experienced any bleeding or had any inter-
ventional studies during this pregnancy. The patient 
had amniocentesis last week but denied any bleeding 
with this pregnancy. What is the signifi cance of the 
echoes visualized within the stomach? 

 Critical Thinking Questions 

  ANSWER : Echogenic debris within the stomach is not 
an ominous sign. It is usually an idiopathic fi nding. 
The echogenic debris represents swallowed blood 
or vernix and may be associated with postinterven-
tional exams such as amniocentesis and intrauterine 
transfusions. During obstetrical imaging, the stomach 
is documented for position, anomaly, and proper 
fi lling. If debris is visualized within the stomach, 
it is important to ask the patient if she has experi-
enced any bleeding during the pregnancy or had any 
interventional studies. The echogenicity within the 
stomach fl uid commonly disappears on follow-up 
examinations. 
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  2. A patient arrives for a biophysical profi le. The 
history reveals she has pregnancy-induced hyper-
tension. The fetus measured 26 weeks 3 days and 
had normal breathing, tone, and movement. The 
four-pocket amniotic fl uid index measured 12 cm. 
During the examination, the sonographer noticed 
that the right renal pelvis was prominent. The left 
renal pelvis measured 0.24 cm and the right renal 
pelvis measured 0.57 cm. The bladder appeared 
normal. The bladder emptied and began fi lling dur-
ing the course of the biophysical profi le. What are 
the normal parameters for the renal pelvis at this 
gestational age? 

  ANSWER : Imaging the fetal kidneys is a routine part of 
most standard obstetrical examinations. Pelviectasis, 
also known as pyelectasis, is the enlargement of the 
renal pelvis. Generally, allowances of 5 mm of pelvic 
dilation up to 20 weeks and 8 mm of pelvic  dilation 
between 20 and 40 weeks. 18  This fetus was 26 weeks, 
so a renal pelvis measurement of 0.57 cm is within 
normal limits. When pelviectasis occurs, one should 

  ANSWER : The fetus measuring 4 days smaller than ex-
pected by previous exam, is well within normal limits. 
In this particular exam, there was a question con-
cerning the bowel echogenicity. From the image, the 
echogenicity appears normal. Pseudoechogenic bowel 
is not an uncommon fi nding. Bowel is not considered 

determine if there is pathologic urinary tract dilation. 
Transaxial and longitudinal images should be utilized 
to evaluate the kidneys. Measurements for renal 
pelvis enlargement are taken anteroposterior on the 
transaxial images. Pelviectasis is a common fi nding 
particularly in male fetuses and may be associated 
with posterior urethral valve obstruction. Caliectasis 
(dilation of the renal calices) in association with pel-
viectasis is an indication of hydronephrosis. 

  3. A patient presented for targeted exam with a prior 
history of IUGR. The gestational age by last exam is 
26 weeks 3 days. Today’s exam measures the fetus 
at 25 weeks 6 days. Describe the echogenicity of the 
bowel. What is the importance of this fi nding? 

(continued)

A B
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Key terms | Key terms | Key terms | Key terms | Key terms | Key terms | Key terms | Key 
terms | Key terms | Key terms | Key terms | Key terms | Key terms | Key terms | Key terms | 
Key terms | Key terms | Key terms

OBJECTIVES

Objective bulleted list

Objective bulleted list

Objective bulleted list

 Meconium ileus Bowel obstructed by mucus 

 Mediastinum Chest area lying between the lungs, 
which contains the heart, aorta, esophagus, trachea, and 
thymus 
 Midgut volvulus Bowel obstructed due to bowel twisting 

 Omphalocele Membrane-covered ventral wall defect con-
taining abdominal contents involving the umbilical cord 

 Potter sequence This group of fi ndings, also called 
Potter’s syndrome or oligohydramnios sequence, in-
cludes renal conditions such as agenesis, obstructive 
processes and acquired or inherited cystic disease 

 Prune belly syndrome Congenital disorder of the uri-
nary system resulting in the absence of the abdominal 
muscle s

 Pulmonary sequestration Noncommunicating lung 
tissue that lacks pulmonary blood supply 

 Renal agenesis Failure of renal development 

 Situs inversus Reversal of normal organ position 

 Upper GI Radiographic study using barium sulfate as 
a contrast agent to outline and fi ll the gastrointestinal 
tract 

 GLOSSARY 

 Anasarca Generalized edema in the subcutaneous  tissue 

 Bladder exstrophy Congenital anomaly where the 
bladder is outside the body through a ventral wall 
 defect inferior to the umbilical cord 

 Bronchogenic cyst Solitary cyst within the lung 

 Congenital diaphragmatic hernia (CDH) Birth defect 
of the diaphragm that allows the abdominal contents to 
enter the chest 

 Congenital multicystic adenomatoid malformation 
(CCAM) Replacement of normal lung by nonfunction-
ing cystic lung tissue 

 Duodenal atresia Congenital absence or closing of the 
duodenal lumen .

 Gastroschisis Membrane-free ventral wall defect with 
protrusion of abdominal contents lateral to the umbili-
cal cord 

 Hemangioma Benign mass made up of blood vessels 

 Hirschsprung disease Congenital lack of nerves in the 
colon resulting in fecal impaction and a megacolon 

 Hydrops Accumulation of fl uid in the fetal tissues, 
peritoneum, and pleural cavities due to either immune 
or nonimmune factors 

 KEY TERMS 

 congenital multicystic adenomatoid malformation (CCAM)  |  pulmonary sequestration  |  
bronchogenic cyst  |  pulmonary hypoplasia  |  immune fetal hydrops  |  nonimmune 
fetal hydrops  |  congenital diaphragmatic hernia (CDH)  |  omphalocele  |  gastroschisis  |  
midgut volvulus  |  duodenal atresia  |  meconium ileus  |  renal agenesis  |  Potter sequence  |  
prune belly syndrome  |  bladder exstrophy 

 OBJECTIVES 

 Differentiate intrathorax pathologies of a bronchogenic cyst, congenital cystic 
adenomatoid malformation, pulmonary sequestration, and a diaphragmatic hernia 

 Describe methods to use color Doppler to aid in identifi cation of lung malformations, 
ventral wall defects, and Potter sequence renal malformations 

 Summarize immune and nonimmune fetal hydrops causes and sonographic 
appearance 

 Explain the sonographic identifi cation of omphalocele, gastroschisis, and bladder 
exstrophy 

 Discuss bowel malformations of a midgut volvulus, duodenal atresia, and meconium ileus 

 Identify the causes, sonographic appearance, and consequences of fetal hydronephrosis 

  21  Ultrasound of the Abnormal Fetal 
Chest, Abdomen, and Pelvis 
 Gertrude Alfonsin Layton 
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 Knowledge of normal anatomy, embryology,  biometry, 
and pathology, in combination with equipment advances, 
operator experience, and meticulous technique,  allows for 
the superior diagnosis of abnormalities of the fetal tho-
rax, abdomen, and pelvis. This chapter  discusses some 
of these abnormalities and their diagnostic sonographic 
fi ndings. Though not often used prenatally, complemen-
tary imaging such as radiography helps us understand 
sonographic fi ndings and the underlying mechanism of 
anomalies of the chest, abdomen, and pelvis. 

 THORAX 
 Evaluation of the fetal thorax includes observation of 
overall size and symmetry of bony and soft tissue ele-
ments as discussed in Chapter 20. The normal intra-
thoracic contents consist of homogeneous, relatively 
symmetric lung parenchyma surrounding the central 
heart and mediastinum. Evaluation of the sonographic 
image for asymmetry, mass, mass effect, or mediasti-
nal shift is essential in detecting possible intrathoracic 
pathology. 

 Routine observation of fetal breathing movements in 
the second and third trimester should be included, as 
well as the heart orientation. The heart lies with the 
apex oriented to the spleen in the midline left chest. 1  
Careful imaging of the diaphragm in both sagittal and 
transverse planes helps exclude possible defects and 
abnormal locations of organs. 

 THE LUNGS 

 Normal fetal lungs have a symmetrically  homogeneous 
appearance on the sonographic image as seen in 
 Figure 20-10. Pleural effusions comprise half of all in-
trathoracic abnormalities noted on fetal examination. 2  
Imaged intrathoracic masses, excluding congenital dia-
phragmatic hernias (CDH), are usually cystic, but they 
are at times solid and echogenic. These anomalies dis-
rupt the homogeneity of the lung parenchyma or cause 
cardiac or mediastinal shifts. 1,2  The predominant cystic 
masses of the lung include the typically unilocular bron-
chogenic cyst and the multicystic cystic adenomatoid 
malformation (CCAM). Other reported masses  include 
aortic aneurysm, pulmonary sequestration, congenital 
lobar emphysema, neurenteric cyst, bronchial atresia 
and, in rare instances, teratoma. 2  

 Bronchogenic Cyst 
 Several cases of bronchogenic cyst have been diagnosed 
antenatally. 2,3  These cysts may be unilocular or multiloc-
ular and can displace mediastinal structures, although 
this is an uncommon fi nding in neonatal life. Broncho-
genic cysts result from abnormal budding of the ven-
tral diverticulum of the primitive foregut and are lined 
by epithelium similar to that of a normal bronchus and 
subsequently may contain cartilage, muscle, or mucus 

glands. 4  The cysts may be found within the lung paren-
chyma or mediastinum and often communicate directly 
with the trachea or main stem bronchi (Fig. 21-1). 2  

 Congenital Cystic Adenomatoid Malformation 
 Excluding diaphragmatic hernias, congenital cystic ade-
nomatoid malformation or CCAM is the most frequently 
identifi ed mass in the fetal chest. 5  Accounting for 25% of 
congenital lung malformations, 6  this typically unilateral 
disorder involves either part of a lobe or more frequently 
an entire lobe. 2  It usually is found in the upper lobes 
and rarely includes the entire lung. 7  Involvement may 
also occur with equal frequency in both lungs. Histologic 
characterization demonstrates an adenomatoid increase 
in terminal respiratory elements, leading to the develop-
ment of a pathologic mass consisting of multiple cysts of 
different sizes. 1,2,6  

 There are three forms of CCAM: 
 • Type I consists of a single cyst or multiple large 

cysts measuring 2 to 10 cm in diameter with a 
trabeculated wall and, often, smaller  cystic out-
pouchings. Broad, fi brous septa and mucin-
producing cells may be responsible for areas of 
echogenicity within the mass and are unique to 
this subtype of CCAM. 

 • Type II is a mass effect made up of multiple, uni-
form-sized cysts 0.5 to 2 cm in diameter. These 
cysts resemble bronchioles. 6  

 • Type III consists of multiple microscopic cysts mea-
suring between 0.5 and 5.0 mm that, like the mul-
tiple small cysts of infantile polycystic kidney dis-
ease (PKD), present numerous refl ecting surfaces 
to the ultrasound beam. Because these small cysts 
cannot be resolved individually, they appear as a 
single, solid, homogeneously echogenic mass. 1,6  

 Patients with CCAM may have associated renal, cardi-
ac, or gastrointestinal malformations (GI). These anoma-
lies occur more commonly with type II CCAM. Fetuses 

Figure 21-1 Anechoic bronchogenic cyst seen on a sagittal image. 
(Image courtesy of Philips Medical Systems, Bothell, WA.)
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signifi cant decrease or the spontaneous resolution of 
CCAMs  antenatally (Fig. 21-2). 1,2,6,8   

 Other Imaging Modalities 

 The plain radiograph allows for diagnosis, with com-
puted tomography (CT) used to clarify confusing cases 
(Fig. 21-3). CT has a higher accuracy rate for classifi cation 
of the CCAM type (Fig. 21-4). 11  In the case of a suspected 
congenital malformation detected prenatally, magnetic res-
onance imaging (MRI) has a high rate of success. The mul-
tiple cysts seen with CCAM appear as a higher-intensity 
signal on the T2-weighted image. Pulmonary sequestration 
and CCAM have similar MRI appearances (Fig. 22-7). 12  

 Differential Diagnosis 

 The differential diagnosis of type I and II lesions includes 
cystic lung and mediastinal masses as well as pleural 
and pericardial effusions. The differential diagnosis of 
the type III, solid-appearing CCAM includes pulmonary 
sequestration, rhabdomyoma, mediastinal teratoma, and 
herniated abdominal contents, which may include liver, 
spleen, or rarely kidney. 1,6  Noting the position of the 
 fl uid-fi lled stomach and any fl uid-fi lled bowel, if pres-
ent, can help differentiate between types I or II CCAM, 
in which the affected fetus has stomach and bowel in 
the normal subdiaphragmatic location and a  fetus with a 
diaphragmatic hernia, in which the fl uid-fi lled stomach 
and bowel are in an intrathoracic location, simulating 
CCAM. 1,6  CT is more accurate than sonography and radi-
ography in classifying CCAM type. 1,6  

with CCAM may present with fetal hydrops, ascites, and 
polyhydramnios because of the compression placed on the 
lung. The CCAM lesion expansion results in a greater than 
normal increase in thoracic diameter as well as inversion 
of the diaphragm. 8  Stillbirth and premature labor are com-
mon among these fetuses. Patients with life-threatening 
intrauterine hydrops have the poorest prognosis. Fetuses 
whose lesions are imaged as cystic, types I and II, have a 
better prognosis than those with solid-appearing type III 
CCAM, which tends to be more extensive. Eighty percent 
of neonates who survive with CCAM present with respira-
tory distress at birth. 1,6   Patients can be asymptomatic and 
usually do well after surgical excision of these masses. 9,10  

 Sonographic Imaging 

 The sonographic appearance of CCAM includes a uni-
lateral pulmonary mass with one or more large cysts 
(type I), an echogenic mass containing small cysts 
(type II), or a homogeneous echogenic mass (type III). 
This process begins to  develop in the fi rst trimester; 
however, detection is not  until the second trimester be-
cause of the size of the cysts. A large mass may result 
in a mediastinal shift and inversion of the diaphragm. 
Some fetuses demonstrate ascites, pleural effusion, and 
hydrops. Color Doppler imaging identifi es arterial sup-
ply via the pulmonary vessels which is due to how the 
lungs develop in the embryo.3 Identifi cation of fl ow into 
the mass differentiates the CCAM from pulmonary se-
questration 8 and diaphragmatic hernia. As with other 
lung masses, serial examinations have demonstrated a 

PATHOLOGY BOX 21-1

Congenital Cystic Adenomatoid Malformations1,2,5,6

Type Histologic Findings Sonographic Appearance Differential Diagnoses

I Single large cyst, usually 
3–7 cm but at least 
2 cm; trabeculated wall 
with smaller cystic 
outpouchings

Usually unilateral
May involve a lung lobe or part of a lung 

lobe
Rarely involves entire lung 
Can be  bilateral
Single large cyst with smaller cystic 

outpouchings visualized superior to the 
diaphragm in the fetal lung

Can have echogenic areas within the cyst

Bronchogenic cyst
Mediastinal mass
Pleural and pericardial effusions
Fluid-fi lled stomach and bowel in dia-

phragmatic hernia

II Mass made up of multiple 
similar-sized cysts, 1.5 
cm in diameter

Usually unilateral
May involve a lung lobe or part of a lobe
Rarely involves entire lung
Can be bilateral
Multiple similar-sized cysts seen in 

the fetal lung replacing normal lung 
 parenchyma

Same as type I

III Multiple small cysts 
(0.5–5 mm)

Cysts too small to be resolved sono-
graphically appear as a single solid 
echogenic mass in the fetal lung

Pulmonary sequestration
Rhabdomyoma
Mediastinal teratoma
Herniated liver, spleen, or rarely kidney



A B
Figure 21-2 A: Sagittal view of the fetal chest with CCAM. B: Axial or transverse image of the same fetus demonstrating the cystic malforma-
tion of the lungs. (Images courtesy of Philips Medical Systems, Bothell, WA.)

A B

C

Figure 21-3 A,B: Congenital cystic adenomatoid malfor-
mation of the lung. C: A roentgenogram of the surgically 
resected specimen.
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from CCAM, which has the arterial supply originating 
from the pulmonary artery. There is a localized, irre-
versible form of sequestration that may simulate the 
ultrasound image of types I and II CCAM. 16  

   Other Imaging Modalities 

 Radiographs demonstrate a lack of airway communica-
tion with the lung tissue. This mass may appear as a 
cyst or infection with fl uid levels. The mass effect may 
produce displacement of the bronchia on both the plain 
fi lms and GI contrast studies. 14  

 Sonography, the primary prenatal imaging modality 
for prenatal surveys, has limitations in differentiating 
and diagnosing pulmonary sequestration, often because 
of maternal obesity, lack of image contrast, a limited 
view fi eld, and lack of sonographer skill. Thus, the MRI 
helps to eliminate many of these limitations for the pre-
natal exam. Fetal lungs image as homogeneous struc-
tures with a high T2 signal because of the amniotic fl uid 
fi lling the lungs. In the case of pulmonary sequestra-
tion, the chest contains a well-defi ned mass with signal 
intensities higher than the normal lung but lower than 
amniotic fl uid. MRI often is able to establish feeder ves-
sels to the suspected sequestration (Fig. 22-7). 13,14  

 Prognosis 

 Patients diagnosed with extralobar masses have a very 
favorable prognosis. Occasional cases have been noted 
to resolve spontaneously in utero. 13,17  These masses are 
associated with anomalies and fetal hydrops resulting 
in a poor prognosis. 1  

 Differential Diagnosis 

 Differential diagnoses for this malformation depend on the 
type. Intralobar sequestration, which occurs within the 
pulmonary visceral pleura, may appear as a solid, fl uid, or 
hemorrhagic mass. Atelectasis adjacent to the area often 
occurs, as well as cystic or emphysematous elements. The 
extralobar sequestration occurring below the diaphragm 
may mimic adrenal or abdominal organ masses. 14  

 THE BONY THORAX AND ITS SOFT TISSUES 

 Some abnormalities that actually extend from the head 
and neck may be large or long enough to appear to involve 
the thorax. Inferior cephaloceles, a herniation of the me-
ninges and brain through a defect in the calvarium, 1  and 
myelomeningocele, and a similar defect of the vertebral 

 Pulmonary Sequestration 
 A pulmonary sequestration is a solid, nonfunctioning mass 
of lung tissue contained within the pleural sac that lacks 
communication with the tracheobronchial tree and has a 
systemic arterial blood supply. This type of malformation 
accounts for approximately a quarter of lung lesions found 
in the prenatal exam and has a 4:1 male-to-female ratio. 13  
The extralobar type either above or below the diaphragm 
has its own pleural sac and a systemic venous drainage. 1,13  

 Sonographic Imaging 

 The lung mass of intralobar pulmonary sequestration is 
spherical, homogeneous, highly echogenic, and often 
found at the lung base or just inferior to the diaphragm 
(Fig. 21-5). A midline shift may occur in the presence 
of a large chest mass. 14  Color Doppler has been used 
to image the abnormal vascular supplies arising from 
the thoracic or abdominal aorta. 13,15  The determination 
of blood supply also aids in diagnosis as sequestration 

Figure 21-4 Transverse thoracic CT view of a newborn with CCAM.

Figure 21-5 The echogenic homogeneous mass (arrow) within the 
posterior chest raises suspicion for pulmonary sequestration. (Image 
courtesy of Philips Medical Systems, Bothell, WA.)

PATHOLOGY BOX 21-2

Sonographic Appearance of Pulmonary Sequestration

Spherical mass
Homogeneous
Echogenic
Midline shift
Vascular supply from aorta
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In general, fetuses with cystic hygroma and hydrops suc-
cumb in utero or shortly after birth, but there have been 
reports of antenatal resolution of this fi nding. 25,26  

 Other soft tissue masses involving the thorax are un-
common. Fetuses of diabetic mothers may exhibit soft 
tissue increases in the thorax based on subcutaneous fat 
deposition. Similar soft tissue increases may also be seen 
in patients with fetal anasarca or edema due to subcu-
taneous fl uid. Another consideration is a teratoma with 
combined cystic and solid components. This mass may 
increase in size during pregnancy and become more echo-
genic or solid in appearance. 27  Hamartomas, a benign 
nonneoplastic overgrowth of the normal cellular elements 
of an affected area, often arise within a rib. They may 
have a disproportionately large intrathoracic component 
capable of displacing the fetal heart and causing respira-
tory insuffi ciency. Early diagnosis followed by complete 
resection in neonatal life is usually curative. 28  

 The clavicles may be absent or hypoplastic in sev-
eral syndromes, including cleidocranial dysplasia, Holt-
Oram syndrome, and pyknodysostosis. Several skeletal 
syndromes and mucopolysaccharidoses demonstrate 
thick ribs, but diagnosis on prenatal ultrasound is often 
diffi cult. Any obvious narrowing of the fetal thorax in 
relation to the fetal abdomen should prompt the so-
nographer to rule out any skeletal dysplasias such as 
short-rib polydactyly syndrome, Jeune syndrome, and 
Ellis-Van Creveld syndrome. 

 PULMONARY HYPOPLASIA 

 The abnormal or lack of development of the lung 
 (hypoplasia) is usually secondary to lung compression 
in utero. This is the result of numerous entities related 
to compression from intrathoracic masses but can also 
result from abdominal masses that restrict the down-
ward movement of the diaphragm or have an intratho-
racic component. The small thorax of several skeletal 
dysplasias is associated with lung underdevelopment. 
Fluid movement due to maternal breathing, heart and 
body motion on the chest wall is said to be necessary 
for normal lung development. In oligohydramnios, 
there is little fl uid to transmit these movements and 
may be the cause of associated pulmonary hypoplasia.  

 Sonographic Imaging 

 Biometry allows for evaluation of the thorax for pulmo-
nary hypoplasia and syndromes involving the size of the 
chest wall. Lung hypoplasia may be diagnosed by gestalt; 
a small chest cavity in relation to a larger abdominal cav-
ity or a heart that occupies more than one-third of the 
thorax on a transverse view in a fetus without obvious 
cardiac disease suggests pulmonary hypoplasia. 2  Biomet-
ric methods for the evaluation of hypoplasia have been 
sought. Thoracic circumference-to-abdominal (AC) ratios 
have been most helpful. The normal ratio has a mean 
of 0.89, and measurements under 0.77 ( � 2 Standard 
 Deviations below the norm) are considered abnormal 

column, are predominantly cystic masses that may or may 
not contain echogenic brain or spinal cord. Upon elimina-
tion of an abnormality of the spine or calvarium, with a 
cystic mass in the region of the neck and upper thorax, the 
differential diagnosis must include fetal edema and cystic 
hygroma. Both of these abnormalities have an increased 
connection with karyotype abnormalities. 2,18  

 Fetal edema may be limited to the neck but is more of-
ten associated with fetal hydrops and increased soft tissue 
thickness, forming a halo pattern around the neck, tho-
rax, or abdomen. Nuchal area edema has been associated 
with nonimmune fetal hydrops, fetal demise, and some 
skeletal dysplasias. 2,19  The presence of abnormal and ex-
cessive skin or soft tissue in the nuchal area is a well-
known clinical fi nding in many newborns with trisomy 
21 (Down syndrome). Benacerraf and colleagues were the 
fi rst to note this fi nding on antenatal ultrasound examina-
tion. 20  Gray and Crane showed that ultrasound screening 
for a nuchal fold thickness of 5 mm or greater (42% sen-
sitivity) in the 14- to  18-week gestational age group and 6 
mm or greater (83% sensitivity, positive predictive value 
of 1 in 38) in the 19- to 24-week gestational week group 
could be a more effective tool in diagnosing Down syn-
drome than the use of maternal age greater than 35 years 
(20% sensitivity) or low maternal serum  alpha-fetoprotein 
levels (33% sensitivity). 21   Amniocentesis can certainly 
karyotype those fetuses with thick nuchal areas. 1,2  

 Cystic hygromas, benign abnormalities of  lymphatic or-
igin occurring in 1 of every 6,000 pregnancies, are thought 
to be a result of a failure in the development of normal 
lymphatic venous communication. They are among the 
most common abnormalities seen in the fi rst trimester. 1  
The lymphatic sacs dilate, and sonographically, they ap-
pear as unilocular or multilocular cystic masses. Eighty 
percent of these originate at the posterolateral neck, and 
care must be taken to differentiate a cystic hygroma from 
nuchal skin thickening though they may occur simultane-
ously. 1  At least half of cystic hygromas are evident in ante-
natal life; 10% are  bilateral. 6  They may be seen extending 
to or  originating from the thorax or the mediastinum, as 
well as the axilla or groin. 22  Internal solid elements seen 
on the sonographic image probably represent surrounding 
 connective tissue or hemangiomatous elements. 23  

 The differentiation of cystic hygroma from the statis-
tically less likely thoracic wall hemangioma is diffi cult. 
Large hemangiomas may be associated with cardiac dila-
tation because of the presence of arteriovenous shunting 
and increased blood return to the heart. 24  Cystic hygromas 
may spontaneously resolve before birth, possibly owing 
to further development of lymphatic channel communi-
cation with the venous system. This is thought by some 
to be the source of the webbed neck seen in patients 
with Turner syndrome, the most common abnormal fetal 
karyotype (XO) with cystic  hygroma. 1,6  Cystic hygromas 
may also cause venous obstruction. In an affected fetus, 
ascites, pleural effusions, generalized edema, an enlarged 
edematous placenta, or cystic cutaneous lymphangiecta-
sia may develop. The prognosis for such fetuses is poor. 
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 Reported mortality is 50% and is highest when the 
pleural effusion is discovered before 33 weeks’ gesta-
tion, is bilateral, or is associated with fetal hydrops. 2  

 Sonographically, pleural effusions appear as hypoecho-
ic areas on one or both sides of the chest, conforming 
to the shape of the chest cavity and its diaphragmatic 
contour. Large amounts of fl uid may compress the lungs, 
resulting in pulmonary hyperplasia and displacement of 
the mediastinum and heart. Hydrothorax unrelated to hy-
drops usually has an extrathoracic cause, but an intratho-
racic lesion such as CCAM plays an etiologic role. If large, 
the pleural effusion may fl atten or evert the diaphragm. 2  

 The underlying cause of pleural effusion and the degree 
of pulmonary hypoplasia affects fetal mortality. In the case 
of a fetus without lung abnormalities, an  ultrasound-guided, 
mid-trimester thoracentesis removes pleural fl uid. 20  

 The typical isolated pleural effusion associated with 
respiratory distress in the newborn is a milky fl uid con-
sisting of lymph and fat (chylous), but these effusions 
appear just as anechoic as serous pleural effusions ow-
ing to the absence of large lipoproteins in the fetus. 2  An 
accumulation of lymph within the chest is referred to 
as a chylothorax. Most often unilateral and right sided, 
it occurs twice as often in male infants. This process 
has associations with congenital pulmonary lymphan-
giectasia, tracheoesophageal fi stula, trisomy 21, and 
extralobar pulmonary sequestration. 33  

 Pleural fl uid may be an isolated fi nding, but more 
typically, it is part of other fetal pathologic processes. 
It is most often seen in association with fetal hydrops, 
a condition associated with excessive fl uid accumula-
tions within the fetal soft tissues and body cavities. 1,2  
The two types of hydrops are immune and  nonimmune. 

 Immune Fetal Hydrops 
 Erythroblastosis fetalis (severe anemia) or immune hy-
drops occurs in a fetus whose mother has been sensitized, 
usually in previous pregnancies, by a blood factor histoin-
compatibility, typically Rhesus (Rh) factor.  Potentially any 
of myriad fetal red blood cell antigens can serve as sensitiz-
ing agents. An immune reaction occurs between maternal 
immunoglobulin G (IgG) and the fetal blood factor. This 
reaction leads to signifi cant fetal morbidity and mortal-
ity, with a small amount of ascites or pericardial effusion 
representing early signs of impending decompensation. 
At one time, Rh incompatibility was the cause of 98% 
of all immune hydrops. The development of RhoGam to 
protect the Rh-negative mother from  histoincompatibility 
reactions with a future Rh-positive fetus reduced this to 
about 55%. 2  The degree of fetal anemia can be deter-
mined through amniocentesis or cordocentesis. The same 
umbilical vessels allow for necessary blood transfusions 
in the fetus with a low hemoglobin level (Table 21-1). 1  

 Nonimmune Fetal Hydrops 
 Nonimmune hydrops is a condition resulting from a va-
riety of severe fetal diseases and is not associated with 
incompatibility of the fetal and maternal blood. This 

and suggestive of lethal pulmonary  hypoplasia. 1,2  The 
thorax-to-abdomen ratio is roughly 3 to 1 and measured 
around the bony component of the thorax. 29  

 Prognosis 

 Prognosis is related to the degree of hypoplasia and is rarely 
the primary cause of inadequate lung growth. 2,6   Mortality 
is high in infants with pulmonary  insuffi ciencies because 
of the lungs’ inability to support extrauterine life. 30  

 THE MEDIASTINUM 

 The mediastinum can be challenging to image clearly. Few 
clear-cut mediastinal masses image antenatally. These 
include extra pericardial and intrapericardial teratoma, 
enteric cyst, lymphangioma, thymic cyst, and mediastinal 
meningocele. 31,33  All may be associated with pleural effu-
sion. Any shift of the mediastinum or heart during a survey 
of the fetal thorax should alert the sonographer for a possi-
ble mass. Compression on the esophagus by a mass could 
lead to polyhydramnios because of GI tract obstruction. 
Restriction of the trachea leads to pulmonary hypoplasia 
and respiratory distress postnatally. Mass  impression on 
the vena cava may compromise blood return to the fetal 
heart and lead to the development of fetal hydrops. 2  

 PLEURAL EFFUSION AND FETAL HYDROPS 

 Pleural effusion, also known as hydrothorax, is easily 
diagnosed using ultrasound. Any fl uid in the pleural 
space of a fetus of any gestational age is abnormal. 

PATHOLOGY BOX 21-3

Causes of Pulmonary Hypoplasia

Intrathoracic masses that compress developing lung
Pleural effusion
Pulmonary cyst
Teratoma
Meningocele
Hemangioma

Abdominal mass that prevents downward displacement of 
 the diaphragm or compresses developing lung tissue

Ascites
Renal mass
Diaphragmatic hernia and its contents

Oligohydramnios with a lack of transmitted fl uid pulsation 
  on the chest wall (said to be necessary for tracheobron-

chial tree development)
Bilateral renal agenesis or obstruction
Bilateral ureteral obstruction
Bladder outlet obstruction, usually urethral atresia
Prolonged rupture of membranes

Small thorax as part of a skeletal dysplasia
Thanatophoric dwarfi sm
Jeune syndrome
Ellis-Van Creveld syndrome
Hypophosphatasia
Cleidocranial dysostosis
Metatropic dwarfi sm
Campomelic dwarfi sm
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 • Intrauterine infection, the TORCH infections:  to xo-
plasmosis,  r ubella,  c ytomegalovirus,  h erpes 

 • Chromosomal abnormalities: Turner syndrome, 
trisomy 18 or 21 

 • Abdominal or pulmonary masses leading to ve-
nous obstruction: CCAM or neuroblastoma 

 • Congenital hematologic disorders:  alpha-thalassemia, 
a common cause in Asia 

 • Renal abnormalities, congenital nephrosis 
 • Maternal origins such as diabetes and toxemia 1,2,6  

 Sonographic Imaging 

 Regardless of the cause, hydrops has a specifi c pre-
sentation during the sonographic examination. The 
overaccumulation of fl uid in fetal tissues results in 
skin thickening, pleural and pericardial effusion, as-
cites, hepatomegaly, and splenomegaly. The placenta 
thickens to greater than 4 cm because of severe fetal 
anemia. Before the development of frank hydrops, 
polyhydramnios is a warning sign of fetal distress. 
Suspicions are raised when at least two of these fi nd-
ings are present in a large for gestational age patient 
(Fig. 21-6). 34  

usually fatal form of hydrops occurs in 1 in 1,500 to 1 in 
4,000 births. 34  Sources include the following: 

 • Fetal cardiac arrhythmias or anomalies such as 
hypoplastic left heart and supraventricular tachy-
cardia, the probable cause in many of the cases 
labeled idiopathic 

A B

C

Figure 21-6 A: Sagittal image of the fetal chest and torso demon-
strating pleural effusion (P ) and ascites (A). Note the oligohydramnios 
and subcutaneous edema (anasarca). B: Another fetus demonstrating 
subcutaneous edema (arrow). C: Scalp edema (arrow) has a different 
appearance than the anteriorly located placenta (P). (Images courtesy 
of Philips Medical Systems, Bothell, WA.)

TABLE 21-1

Fetal Hydrops

Type Cause
Sonographic 
Features

Immune Fetal anemia
Rh incompatibility

Nonimmune Heart arrhythmias
Intrauterine infection
Chromosomal 
 anomalies
Masses causing 
 venous obstruction
Blood disorders
Renal anomalies
Maternal disease

Anasarcia
Pleural effusion
Ascites
Hepatomegaly
Splenomegaly
Thick placenta
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and autosomal recessive inheritance patterns have 
been documented. 35,37  These occur bilaterally in 20% of 
cases (a far greater incidence compared to the 3% inci-
dence found among sporadic cases), and have a 2-to-1 
male predominance and fewer associated anomalies. 2  
One Finnish study showed a 2% recurrence risk of CDH 
among subsequent siblings. 38  

 The majority cases of CDH have no known cause or 
related syndrome, with up to half occurring as an iso-
lated defect. 35  In a fetus with congenital malformations 
of the diaphragm, the cause is a single or multiple chro-
mosome anomalies. Though rarely inherited, clusters 
may occur in families in the form of a genetic syndrome 
or chromosomal anomaly. 35  

 Sonographic Imaging 

 Early diagnosis is an important factor in the outcome 
and with the continued advances in sonographic de-
tail resolution; several fi rst-trimester cases have been 
reported using an endovaginal technique. The stomach, 
bowel, or other organs most often move into the chest 
via a posterior diaphragmatic defect. Peristalsis of the 
herniated small bowel and fl uid-fi lled structures differ 
greatly from normal echogenic lung parenchyma. Cys-
tic abnormalities of the lung can simulate CDH, and 
the sonographer must carefully survey the abdomen 

 CONGENITAL DIAPHRAGMATIC HERNIA 

 Congenital diaphragmatic hernia (CDH) is a defect of the 
diaphragm that allows the contents of the abdomen to 
migrate into the thorax. CDH has an incidence of approx-
imately 1 in 10,000 live births. 2  The origin of the hernia 
is the fl awed formation or fusion of the diaphragm. This 
opening in the pleuroperitoneal membrane may result in 
several different diaphragmatic  abnormalities: 

 • The posterolateral herniation through the foramen 
of Bochdalek, which accounts for over 90% of 
those found, usually on the left side 1,2,35  

 • Retrosternal, anteromedial herniation through the 
foramen of Morgagni 35  

 • Protrusion of the bowel through the diaphragm 
(eventration) 

 • Complete uncommon absence of a diaphragm 33,35  
 Left-sided involvement is fi ve times more common 

than right-sided involvement, 1,2,36  which may be because 
of the presence of the liver, whose mass is known to pre-
vent cranial progression of the abdominal viscera into the 
thorax, thereby lessening symptoms and improving prog-
nosis. CDH is unilateral 96% of the time and is found 
somewhat more commonly in male infants (Fig. 21-7). 2,30   

 Rarely occurring are familial forms of CDH, reported 
in less than 2% of all cases. 35  Both autosomal dominant 
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Diaphragm
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Aorta
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Intestine

Compressed lung

Intact but weak diaphragm

Figure 21-7 Congenital diaphragmatic hernia, typical (above) and variation (below).
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Figure 21-8 A: Sagittal image of a diaphragmatic hernia resulting in bowel within the chest. B: Axial or transverse view of the same fetus 
demonstrating the bowel to the left of the heart within the chest cavity. (Images courtesy of Philips Medical Systems, Bothell, WA.)

A B

PATHOLOGY BOX 21-4

Sonographic Findings of CDH

Stomach, bowel, or other abdominal organs within 
 the chest
Peristalsis of structures within the chest
Small abdominal biometry
Descension and ascension of organs with fetal breathing
Pleural effusion
Polyhydramnios
Documentation of portal and umbilical vessels via color 
 Doppler modes

to confi rm the absence of the stomach. The fetus with 
CDH often has a smaller than normal AC measurement. 
The heart and mediastinum shift away from the side of 
herniation. During fetal breathing, the abdominal or-
gans may descend on the normal side and, paradoxical-
ly, ascend on the affected side. Other fi ndings include 
polyhydramnios and pleural effusions. Polyhydram-
nios, in particular, is not a prognostically good sign; 
one series reported a 55% survival rate among patients 
with CDH without associated polyhydramnios but only 
11% survival in cases with associated polyhydramnios. 
Patients with smaller diaphragmatic defects or hernia-
tions that occur later in gestation have a better progno-
sis. The left-sided hernia is easier to visualize because 
of the cystic nature of the stomach and its ectopic pres-
ence in the chest. The similar echogenicity of the liver 
and lung tissue can make the right-sided hernia more 
diffi cult to identify. 39  Color fl ow Doppler examination 
of the portal and umbilical veins aids in determination 
of position. Liver herniation seen with the CDH results 
in an abnormal location. 40  A careful sonographic search 
should be made of fetuses with CDH for other congeni-
tal anomalies (Fig. 21-8). 1,2,6  

 Other Imaging Modalities 

 The radiograph of a neotate with a diaphragmatic her-
nia demonstrates air- and fl uid-fi lled loops of bowel 
within the chest, usually the left side. This results in a 
mediastinal shift into the contralateral chest. If an oro-
gastric tube is present, the position indicates the lateral-
ity of the mediastinal shift (Fig. 21-9). 

 The ability of MRI to differentiate internal fetal anat-
omy has resulted in an increase in its use to confi rm 
the diagnosis of CDH. The fast spin-echo MRI data sets 
allow for calculation of lung  volumes, which aid in de-
termination of pulmonary hypoplasia, which directly 
relates to fetal outcomes (Fig. 21-10). 

 Differential Diagnosis 

 Anomalies mimicking CDH include CCAM, pulmonary 
sequestration, bronchogenic cyst, teratomas, or a neu-
roenteric cysts and bronchial atresia. 

 Prognosis 

 The pressure of the herniated abdominal contents on 
the pulmonary vessels and lungs, mimicking an intra-
thoracic mass, can lead to pulmonary hypoplasia. The 
hypoplasia may be bilateral despite a unilateral dia-
phragmatic lesion. 41  Overall mortality for CDH is 50% 
to 80%, 18  which includes a 35% rate of stillbirth. CDH 
is associated with major congenital anomalies of other 
body systems. Associated cardiovascular and central 
nervous system anomalies are the most lethal. 42  

 The outcome of surgery and the degree of the dia-
phragmatic defect determines the prognosis for these 
children. Surgical intervention performed before fetal 
lung development is complete, usually by 24 weeks’ 
gestation, can result in an improved prognosis by re-
ducing pressure and avoiding development of signifi -
cant pulmonary hypoplasia. 43  There is a direct relation-
ship between the severity of the defect to the mortality 
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to rule out protrusions from the abdominal sidewalls. 
Thickened abdominal wall soft tissues is a fi nding 
 noted not only in hydrops fetalis but also in the off-
spring of diabetic (type C) mothers. 9  

 Abdominal situs is determined by noting the liver’s 
position on the side opposite the cardiac apex. This is 
best accomplished by caudad and craniad angulations 
of the transducer in the transverse plane. Complete si-
tus inversus (cardiac apex on right and liver on left) 
can be diagnosed only by meticulous attention to fetal 
position and visualized anatomy. 1,2  In cases of correct 
abdominal situs, transverse images of the abdomen 
show the spine, stomach, and umbilical vein in clock-
wise relation when the fetus is in cephalic presentation 
and counterclockwise when the fetus is breech. 

 Measurements of the AC assess conformity with 
 accepted measurements for gestational age. Biometric 
evaluation of AC allows assessment of the nutritional 
status of the fetus. Asymmetric intrauterine growth 
 retardation (representing 80% of all cases of IUGR) 
shows a smaller AC, owing to loss of glycogen stores in 
the liver and the resultant decrease in liver size; there 
is no associated  decrease in head circumference (HC) 
or femur length (FL) measurements. HC/AC and FL/AC 
ratios also help determine IUGR. 1,2  

 The remainder of the routine fetal abdominal survey 
includes evaluation of the transverse AC view for the 
presence of a fl uid-fi lled stomach and assessment of 
the liver. A transverse view at the level of the kidneys 
may reveal renal obstruction. Coronal and longitudinal 
views may supplement the transverse views in further 
evaluating any area or organ of concern. 

 ABDOMINAL WALL DEFECTS 

 Ventral abdominal wall defects vary in type and 
complexity. The two most common types, ompha-
locele and gastroschisis, have been well evaluated 

rate 39  and the location of the liver. 2  A liver within the 
abdomen shows over 90% survival rate. 2  

 ABDOMEN 
 SCANNING TECHNIQUES 

 A general fetal abdominal survey begins with evalua-
tion of the anterior abdominal wall to determine intact-
ness. This is most important at the site of umbilical 
cord entry. While imaging the abdominal wall, be sure 

Figure 21-9 A,B: Congenital diaphragmatic hernia. There is herniation of small intestine, large intestine, and stomach (or parts thereof) into 
the left hemithorax. Note the air in the descending colon.

A B

Figure 21-10 Congenital diaphragmatic hernia. Coronal T2-weight-
ed image of a chest at 32 weeks’ gestation demonstrates hernia-
tion of stomach, bowel, and spleen into the left hemithorax. There 
is minimal deviation of mediastinal structures with the right lung and 
left upper lobes expanded.
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pregnancy, method of delivery, and surgical treatment 
( Table 21-2). 1,2,6,30  

 Omphalocele 
 The omphalocele is a midline defect occurring in 1 in 
4,000 births. These are separated into two types by the 
mechanism of origin: those containing only bowel; and 
those containing organs, usually the liver, and bowel. A 
normal migration of the bowel into the umbilical cord 
occurs during embryologic development sometime be-
tween 8 and 12 weeks (Fig. 13-21). Occasionally, the 
bowel does not migrate back into the abdomen and re-
mains in the extraembryonic coelom of the umbilical 
cord. 1,30  An omphalocele develops because body stalk 
persistence in an area normally occupied by abdomi-
nal wall. Type 1 is due to a fusion failure of the lateral 

by sonography. A common fl aw is an umbilical her-
nia, with the linea alba defect and protruding bowel 
covered by skin and subcutaneous tissue. The dis-
tinguishing feature of an umbilical hernia versus an 
omphalocele is the position of the cord insertion. 1  
Other rarer fi ndings include the complex defects of 
cloaca or bladder exstrophy, ectopia cordis, amni-
otic band syndrome, and the limb–body wall com-
plex. The development of the anterior abdominal wall 
is based on fusion of four ectomesodermal folds, a 
cephalic, a caudal, and a pair of lateral folds. Ab-
dominal wall malformations are one of the sources 
of elevated alpha-fetoprotein levels in amniotic fl uid 
or maternal serum. Knowledge of the actual defect 
and its associated abnormalities is necessary for mak-
ing informed decisions with regard to continuation of 

Anomalies Involving the Body Wall

Type of Anomaly Description Sonographic Appearance Diagnostic Considerations

Omphalocele Herniation of abdominal 
  viscera into the base of 

the umbilical cord; liver 
involvement common

Complex membrane-enclosed 
  sac; midline anterior wall 

defect continuous with 
umbilical cord. Size varies with 
amount of involved viscera.

29%–66% association with 
  other anomalies

Gastroschisis Herniation of abdominal viscera
  through an off-midline defect 

in the abdominal wall, usually 
located just to the right of the 
umbilicus; liver involvement 
very unusual

Free-fl oating bowel loops 
  not bound by a sac. Normal 

umbilical cord insertion.

Common: Associated 
  gastrointestinal anomalies
Rare: Anomalies of other 
  systems

Umbilical cord
 hernia

Protrusion of a small amount 
  of intestine at the umbilicus

Similar to omphalocele; 
  covered by skin and 

subcutaneous tissue, usually 
less than 2–4 cm

Limited clinical signifi cance
Rare: Associated anomalies

Bladder exstrophy Congenital failure of abdominal 
  wall to develop over bladder; 

urinary bladder may be 
everted (inside may protrude 
through abdominal wall)

Variable: May see a fl uid-
  fi lled intrapelvic portion of 

bladder with a contiguous 
extra-abdominal mass with 
echogenicity similar to that of 
soft tissue. More commonly, 
no fl uid-fi lled intrapelvic 
bladder

Most common in boys; 
  associated anomalies:

• Gastrointestinal
• Genitourinary
• Musculoskeletal

Must be differentiated from 
  urachal cyst

Ectopic cordis Defect of the lower sternum 
  and anterior abdominal 

wall; heart protrudes into 
extrathoracic sac covered by 
skin or a thin membrane

Beating heart protrudes 
  through anterior abdominal 

wall into amniotic fl uid

Associated with:
• Amniotic band syndrome
• Craniofacial
• Limb deformities
• Omphalocele

Very poor prognosis

Limb–body wall 
 complex

Complex of anomalies including
  lateral body wall defects of 

thorax and abdomen with 
herniation of viscera; cranial, 
craniofacial, spinal, and limb 
anomalies common

Herniated viscera within a 
  complex membrane-involved 

mass, severe scoliosis, cranial, 
and spinal defects

A severe form of amniotic band
  syndrome is thought to play 

a major role in pathogenesis; 
no genetic predisposition 
has been identifi ed; not 
compatible with life

TABLE 21-2
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ectomesodermal folds, whereas type 2 is the failure of 
the muscle, fascia, and skin to fuse. 2  The sonographer 
may fi nd abdominal viscera and/or bowel protruding 
into the base of the umbilical cord. This defect can range 
anywhere in size from 2 to 10 cm and is always covered 
by a membrane and centrally located. The membrane 
is made up of amnion and peritoneum. There is often 
associated fetal ascites (Fig. 21-11). 2  

 Sonographic Imaging 

 Proper imaging protocol to rule out an omphalocele re-
quires evaluation of the anterior abdominal wall and 
noting the entry of the cord into an intact wall. Use 
of color Doppler helps document the umbilical cord 
vessels and the position of the abdominal organs and 
bowel. Because of the normal physiologic herniation 
of bowel into the umbilical cord, the clinician must be 
cautious about the diagnosis of omphalocele before 
12 weeks’ gestational age, by which time the physiolog-
ic event should have ended. A defi nitive fi rst- trimester 
diagnosis is made by some imagers only if the ompha-
locele is larger than the abdomen itself. 2  Bowerman 
reported that an omphalocele may be suggested early 
in pregnancy, if the cord containing midgut has a maxi-
mal dimension of 7 mm or greater. 44  Occasionally, the 
antenatal evidence of a sac membrane enables an om-
phalocele to be differentiated from gastroschisis on the 

postnatal examination of an infant whose sac ruptured 
during delivery (Fig. 21-12). 

 Other Imaging Modalities 

 MRI provides additional detail of the centrally located 
omphalocele defect. Herniation of the viscera into the 
thin-walled sac images well during the MRI exam. The 

Figure 21-11 Typical features of the omphalocele with intracorporeal live on external examination (A) and on the cross-section view (B).

Figure 21-12 Axial image of an omphalocele demonstrating the 
central insertion of the umbilical vessels (arrow). This defect has al-
lowed the liver to extend into the sac. (Image courtesy of Philips 
Medical Systems, Bothell, WA.)
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and atrial septal defects, tetralogy of Fallot, pulmonary 
artery stenosis, and abnormalities of the great vessels. 
Forty to 60% of patients have a chromosomal abnor-
mality, including trisomies 13, 18, and 21, as well as 
Turner, Klinefelter, and triploidy syndromes. 1,2,6,30  The 
smaller the abdominal wall defect and the fewer the 
associated anomalies, the better the prognosis. Fetuses 
with defects greater than 5 cm are more likely to have 
adverse results. The presence of spleen or heart in the 
sac has been associated with a poor outcome. 33  

 Omphaloceles are an element of several signifi -
cant fetal malformation syndromes. One-seventh of 
omphalocele cases are associated with the Beckwith-
Wiedemann syndrome: organomegaly, macroglossia, 
hypoglycemia, and hemihypertrophy. This also places 
the fetus at an increased risk for Wilms tumor. Cloacal 
exstrophy involves a low omphalocele with cloacal or 
bladder exstrophy and variable caudal abnormalities. 
The pentalogy of Cantrell includes an omphalocele as-
sociated with ectopia cordis. 2,35  

 Gastroschisis 
 Gastroschisis is a smaller abdominal wall defect, mea-
suring from 2 to 4 cm, which typically occurs just to the 
right of the cord insertion and is unrelated to the umbil-
ical cord. Theoretic causes include abnormal involution 
of the right umbilical vein and disruption of the ompha-
lomesenteric artery. 1,2,30  Gastroschisis occurs once in 
every 3,000 pregnancies, usually in younger mothers. 2  
Maternal use of vasoactive substances such as nicotine 
or cocaine increases the risk of fetal gastroschisis devel-
opment. 43  Except for bowel malrotation and jejunal or 
ileal atresia, associated anomalies are probably related 
to vascular compromise of the malrotated bowel and 
are far less common than with omphalocele. 2,30  

 Prenatal maternal serum screening reveals an in-
crease in alpha-fetoprotein due to the direct contact 
of the bowel with the amniotic fl uid. Though they can 
be elevated with an omphalocele, the values are much 
higher. 2  

 The herniated viscera, usually comprising small 
or large bowel, are free-fl oating and not covered by a 
membrane (Fig. 21-14). This leads to the development 
of a fi brinous coating on the bowel, probably the result 
of chemical peritonitis produced by its contact with fe-
tal urine in the amniotic fl uid. 2  The liver is rarely pres-
ent in this herniation. Although there is active debate 
over the method of delivery, most clinicians favor ce-
sarean section to avoid further contamination of the 
uncovered, eviscerated bowel. During surgical repair, a 
Silastic covering protects the bowel and abdominal wall 
defect in the case of staged repairs. 45,46  

 Sonographic Imaging 

 The omphalocele images as early as 14 to 16 weeks 
with ultrasound because of the free-fl oating loops of 
bowel within amniotic fl uid. This defect results in a 

liver has a low signal intensity on the T2-weighted 
 image (Fig. 21-13). 14  

 Prognosis 
 Between 50% and 70% of omphaloceles are  associated 
with other anomalies whose presence worsens the prog-
nosis. Type 1 omphaloceles are more frequently associ-
ated with chromosomal and other abnormalities. 1,6,40  GI 
anomalies are found in 30% to 50% of cases—usually 
bowel malrotation, but sometimes atresia or stenosis 
of small bowel, bowel duplication, biliary atresia, tra-
cheoesophageal fi stula, and imperforate anus. Half of 
the anomalies are cardiovascular, including ventricular 

A

B
Figure 21-13 Omphalocele with extracorporeal liver at 35 weeks. 
A: MRI shows prolapse of the liver (white arrowhead) and small 
bowel loops (black arrowhead) into the omphalocele sac. B: An axial 
 image shows prolapse of the stomach (black arrow) and colon (white 
arrow). (Reproduced with permission from Shinmoto H, Kashima K, 
Yuasa Y, et al. MR Imaging of non-CNS fetal abnormalities: a pictorial 
essay. Radiographics. 2000;20[5]:1227–1243.)
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 PERITONEUM AND ASCITES 

 Ascites represents fl uid within the peritoneum. True 
fetal ascites is always abnormal. Depending on the 
amount, the fl uid may collect in dependent portions 
of the fetus, for example, in the pelvis of a fetus in 
breech position. Large amounts can surround and 
shift intraperitoneal structures superiorly, inferiorly, 

right-sided cord insertion and a small AC because of 
the lack of internal organs. Sometimes the image may 
simulate that of an omphalocele, and the sonogra-
pher must rule out that possibility by proving that 
the mass is not associated with the umbilical cord. 
The free-fl oating bowel thickens as a result of chemi-
cal peritonitis, which occurs due to contact with the 
amniotic fl uid. In approximately one-third of cases, 
oligohydramnios is present; however, polyhydram-
nios is also possible. 6  Color Doppler helps to confi rm 
the course of the umbilical cord and vessels and to 
distinguish the bowel loops from the cord (Figs. 21-15 
and 21-16). 

 Other Imaging Modalities 

 The MRI evaluation demonstrates bowel loop hernia-
tion through the periumbilical abdominal defect. The 
free-fl oating bowel images within the amniotic fl uid 
and, as with ultrasound, demonstrate dilated, fl uid-
fi lled, thickened bowel (Fig. 21-17). 6,40  

 Prognosis 

 Gastroschisis rarely occurs with other anomalies out-
side of bowel malformations increasing the survival 
rate. 40  The survival rates range from 85% to 95%. 40  This 
is a far better prognosis than that of a fetus with an 
omphalocele. 

Figure 21-14 Typical features of gastroschisis shown on external examination (A) and on cross-sectional view (B).

Figure 21-15 Bowel (B) fl oating in fl uid outside of the abdomen (A) 
diagnosis a gastroschisis. (Image courtesy of Philips Medical Sys-
tems, Bothell, WA.)
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weeks is required before fetal ascites can be detected 
sonographically. 47  

 Commonly noted in association with the multiple 
fi ndings of fetal hydrops, fetal ascites may develop as 
an isolated fi nding in bowel perforation. Urinary asci-
tes results from bladder outlet obstruction or renal for-
niceal rupture. 48  Heart failure, infections, tumors, and 
twin–twin transfusions are other sources. Sonography 

or laterally. Intraperitoneal fl uid is seen best in the 
subhepatic space, fl anks, and lower abdominal cavity 
or pelvis. The retroperitoneal structures such as the 
kidneys lie posterior to the free fl uid. With patency of 
the processus vaginalis, ascitic fl uid may extend into 
the scrotum as apparent hydroceles. In studies of in-
trauterine transfusions, the presence of at least 10 mL  
of intraperitoneal fl uid at 22 weeks and 15 mL at 26 

A B
Figure 21-16 Compare the omphalocele on this sagittal image (arrow) (A) with an image of a gastroschisis (B). (Image A courtesy of GE 
Healthcare, Wauwatosa, WI; image B courtesy of Philips Medical Systems, Bothell, WA.)

A B
Figure 21-17 Gastroschisis in a 28-week-old fetus. A: A sagittal single-shot fast spin-echo MRI shows a midline abdominal wall defect and 
prolapse of a bowel loop (arrow) into the amniotic fl uid. B: A follow-up sagittal MRI obtained 3 weeks later shows progressive change in the 
bowel prolapse; the markedly dilated small bowel loops are clearly identifi ed (arrow). Polyhydramnios has increased in volume. (Reproduced 
with permission from Shinmoto H, Kashima K, Yuasa Y, et al. MR imaging of non-CNS fetal abnormalities: a pictorial essay. Radiographics. 
2000;20(5):1227–1243.)
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tree. A liver cyst as large as 10.5 cm has been report-
ed. 7  The most common type of choledochal cyst is 
the cystic dilatation of the common bile duct, which 
may be seen in an intrahepatic or subhepatic loca-
tion. Other types include multiple intrahepatic and 
extrahepatic cysts or a common bile duct diverticu-
lum. Choledocal cysts may be mistaken for duodenal 
atresia or a defect of the stomach or bowel. These 
cysts usually lie in an anterior location, adjacent to 
the gallbladder. 1 Antenatal detection and early surgery 
during infancy may prevent some severe clinical con-
sequences, especially the development of biliary cir-
rhosis and portal hypertension. 51,52  

 Diffuse liver calcifi cations occur in fetuses with 
intrauterine infections, especially those caused by 
pathogens responsible for TORCH infections, and in 
particular toxoplasmosis and herpes simplex infection. 
There are also reported cases of fetal liver calcifi cation 
due to ischemic, neoplastic, and idiopathic causes. 
Calcifi ed portal thromboemboli have been reported 
on autopsy and plain fi lms of newborn and stillborn 
infants. In a retrospective analysis of 25 fetuses with 
liver calcifi cations as their only imaged abnormality, 
prognosis was excellent, with 96% of the fetuses sur-
viving (Fig. 21-18). 2  

 Neonatal liver masses are unusual with the infan-
tile hemangioendothelioma—the most common vas-
cular tumor. This tumor has associations with hepa-
tomegaly, anemia, or high-output congestive heart 
failure. Sonography has shown these masses to be of 
variable, mixed echogenicity in neonates. There are re-
ports of the antenatal detection of liver hemangiomas, 

typically demonstrates only 25% to 50% of the causes 
of ascites. 49  

 If fetal ascites is detected, the sonographer must 
 investigate further, looking for any bowel dilatation, a 
result of bowel obstruction, or dilatation of the pyelo-
caliceal system or bladder, indicating a genitourinary 
(GU) problem. Intra-abdominal cysts or peritoneal 
calcifi cation can point to bowel perforation and resul-
tant meconium peritonitis or pseudocyst formation. 2  
Normal peristalsis is necessary to extrude meconium, 
so this phenomenon usually is not seen until the fi fth 
month of fetal life. 2,6  

 If sterile meconium associated with bowel perfo-
ration releases into the peritoneal cavity, an intense 
foreign body reaction occurs. Punctate echogenicities 
develop over time, owing to the resultant irritative peri-
tonitis caused by meconium and its subsequent calcifi -
cation. This calcifi cation is most easily detected around 
the liver. Localized fi brotic reactions may cause walls to 
form around the areas of greatest meconium concentra-
tion within the peritoneum, forming meconium pseu-
docysts. These complex calcifi ed masses may simulate 
retroperitoneal teratomas or calcifi ed neuroblastomas. 
Other causes of peritoneal recess calcifi cation include 
infections from TORCH ( to xoplasmosis,  r ubella,  c yto-
megalovirus,  h erpes) organisms. 1,2,6  

 Pseudoascites 
 Chapter 20 discusses this phenomenon at length. Pseu-
doascites is a simulation of fl uid that lies along the in-
ner aspect of the anterior abdominal wall. The echo 
of the anterior abdominal wall and its subcutaneous 
tissue produces this hypoechoic band. Pseudoascites 
is a common observation in fetuses over 18 weeks’ 
gestation. 1  The pseudoascites image is created by the 
hypoechoic quality of the abdominal wall musculature 
sandwiched between the highly echogenic subcutane-
ous and preperitoneal fat. Unlike true ascites, it does 
not outline parts of the falciform ligament or umbilical 
vein, and it does not surround other abdominal organs 
(Fig. 20-29). 1,2  

 LIVER AND SPLEEN 

 The normal fetal liver has a homogeneous appearance. 
The fetal liver enlarges in association with immune 
or nonimmune hydrops. This is a result of increased 
production or red blood cells or hematopoiesis. 1  If the 
longest liver length to the right of the aorta on a coro-
nal image increases more than 5 mm in a week, isoim-
munization must be ruled out. 2,6  The umbilical vein is 
enlarged in hydrops and in association with placental 
chorioangioma. Macrosomic fetuses have large livers, 
as do the fetuses of diabetic mothers, whereas growth-
retarded infants have small livers. 50  

 Solitary liver cysts may develop because of inter-
ruption of the development of the intrahepatic biliary 

Figure 21-18 Intrahepatic calcifi cation. Transverse view of the fetal 
abdomen reveals a calcifi cation (arrow) with distal shadowing in the 
fetal liver.



 556 PART 2 — OBSTETRIC SONOGRAPHY

 THE GASTROINTESTINAL TRACT 

 Esophagus 
 Rapid proliferation of the esophageal epithelium dur-
ing the fetal embryonic period creates almost com-
plete closure of the esophageal lumen. One infant in 
every 2,500 live births, predominantly male infants, 
may have a complication thought to be caused by this 
esophageal maldevelopment or by unequal partitioning 
of the foregut into the esophagus and trachea, result-
ing in esophageal atresia. 30  Several types are described. 
The most common consists of a proximal esophageal 
pouch, which communicates with the more distal 
GI tract through a fi stula. The fi stula follows a track 
between the tracheobronchial tree of the respiratory 
tract, usually at or near the tracheal bifurcation, and 
the distal esophagus and allows amniotic fl uid to pass 
into the stomach. Communication with the more dis-
tal GI tract signifi cantly reduces the number of fetuses 
that present with polyhydramnios because of impaired 
swallowing. 

 Polyhydramnios has been reported in 76% of affect-
ed fetuses but in only 8% of those with an associated 
fi stula. Another helpful sign for the antenatal diagno-
sis of esophageal atresia is the absence of a fl uid-fi lled 
stomach. A fetus with a tracheoesophageal fi stula may 
have a stomach that is only partially fi lled with fl uid, 
some of which can be the result of gastric secretions. If 
the esophagus is fi lled with swallowed amniotic fl uid, 
the area of atresia may be visualized with ultrasound. 1  
Serial scans that document polyhydramnios and non-
visualization of the stomach may be necessary to diag-
nose complete esophageal atresia. 

as well as cases of focal nodular hyperplasia. 2,53–55  
 Hemangiomas are usually avascular when interrogat-
ed with color Doppler and, in some instances, contain 
 calcifi cations. 56  

 A gallstone in the fetus images as echogenic mass-
es within the fetal gallbladder that may or may not 
demonstrate posterior shadowing. Similar to sono-
graphically imaged gallstones discovered in neonates, 
the stones often resolve, possibly as a result of post-
natal hydration or because of changes in bile metabo-
lism. 56  In some cases, they may not be true gallstones 
but tumefactive sludge or thickened bile. The fi nd-
ing of sludge or gallstones is usually incidental and 
unrelated to fetal well-being. Those that have not 
resolved appear to be asymptomatic in neonatal life 
(Fig. 21-19). 23,29,57  

 The formation of blood cells in the spleen (extra-
medullary hematopoiesis) or hydrops results in an 
enlarged spleen in the Rh and other isoimmunized 
fetuses. A signifi cant correlation has been noted be-
tween the perimeter measurement of the spleen and 
fetal hemoglobin defi cit, allowing spleen size to pre-
dict severe fetal anemia. 58  The spleen may also be 
enlarged in chronic infections such as toxoplasmosis, 
cytomegalovirus, rubella, and syphilis, as well as in 
inborn metabolic errors, such as Gaucher, Niemann-
Pick, or Wolman disease. 35  The antenatal diagnosis of 
a congenital splenic cyst can be made if a cyst is noted 
in the left upper quadrant and can be separated from 
the imaged kidney and adrenal gland. Asplenia and 
polysplenia are associated with signifi cant congenital 
heart disease, but the antenatal diagnosis of these en-
tities is diffi cult. 10,59  

A B
Figure 21-19 Transient echogenic material in the gallbladder. Transverse views of two fetal abdomens demonstrate nonshadowing echogenic 
material in the fetal gallbladders (arrows), with (A) and without (B) the “comet-tail” artifact. Postnatal sonograms in both of these fetuses dem-
onstrated normal gallbladders without stones or sludge.
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bowel may twist about the axis of the superior mesen-
teric artery, resulting in poor vascular fl ow distal to the 
point of obstruction or volvulus. This may also occur if 
the long mesenteric attachments that fi x the bowel to 
the posterior abdominal wall fail to develop. Infarction 
results if this is not corrected surgically (Fig. 21-20). 2,30  
Midgut volvulus is usually diagnosed in the fi rst days of 
life; the infant may present with distention or obstruc-
tion, but, most typically, with bilious vomiting. 

 Sonographic Imaging 

 The sonographer may note, antenatally, a fl uid-fi lled 
proximal duodenum with an arrowhead twist at the 
point of descending or transverse duodenal obstruc-
tion. 1,2  Mild polyhydramnios, an echogenic mass under 
the fetal liver, and slightly dilated bowel loops are other 
fi ndings. Because of the twisting around the mesenter-
ic vessels, the characteristic “whirlpool sign” images 
within the abdomen. 2  The color Doppler exam may also 
demonstrate the twisted vessels (Fig. 21-21). 

 Other Imaging Modalities 

 The upper GI is the gold standard for the midgut vol-
vulus and malrotation. The sensitivity of radiography 
is as high as 95% with the barium study. Classic radio-
graphic fi ndings include obstruction leading to stomach 
and duodenal dilatation. The duodenojejunal junction 
moves inferior and anterior. The abnormal jejunual 
position contributes to fi ndings of a dilated fl uid-fi lled 
duodenum, proximal segment bowel obstruction, and 
mural edema. (Fig. 21-22). 66  

 Duodenal Atresia 
 Duodenal atresia is the failure of the duodenum to 
change from a solid cord of tissue during development 
to a tube; it occurs in 1 in 10,000 births. There are three 
types of duodenal recanalization anomalies: 

 1. Duodenal diaphragm or web, resulting in stenosis 
 2. Solid cord with atresia 
 3. Segmental or partial absence of the duodenum 37  
 The majority of atresias of the duodenum occur dis-

tal to the ampulla of Vater. The pancreatic and common 
bile duct join to form the hepatopancreatic  ampulla, 
which is a major landmark marking the foregut to 
the midgut transition. It is at the halfway point of the 
second part of the duodenum. Pancreatic tissue may 
 surround this second portion, causing obstruction or 
stenosis depending on the amount of pancreatic tis-
sue. The annular pancreas is a secondary, not primary, 
cause of atresia or stenosis (Fig. 21-23). 37  

 Jejunoileal or ileal atresia or stenosis occurs in 1 in 
3,000 births. These small bowel atresias occur higher 
in the abdomen and demonstrate multiple cystic struc-
tures with associated hydramnios. Although small 
bowel obstructions may be caused by one long atresia 
or multiple, smaller-length areas of atresia, the antena-
tal ultrasound image typically shows only one area of 

 Esophageal atresia is associated with Down syn-
drome and other chromosomal abnormalities and is part 
of the VACTERL association. Fetuses suspected of hav-
ing esophageal atresia should be studied to note if any 
of these associated abnormalities are present. 6  The most 
common of these malformations is anorectal atresia. 1  

 Stomach 
 A fl uid-fi lled stomach noted in the left upper quadrant 
may allow the sonographer to image adjacent normal 
structures, such as the spleen, and rule out some other 
abnormalities, for example, abdominal situs inversus, 
diaphragmatic hernia, and obstruction of the upper GI 
tract. Oligohydramnios and the stress of nonimmune hy-
drops may result in physiologic absence of stomach fl uid. 
However, absence of a stomach or the continuous imag-
ing of an unusually small fetal stomach after 18 weeks’ 
gestational age, with normal amniotic fl uid levels is asso-
ciated with a guarded prognosis. Long-term studies have 
identifi ed GI tract anomalies, respiratory malformations, 
aneuploidies, and neuromuscular syndromes, as well as 
central nervous system and renal anomalies associated 
with prenatal stomach abscence. 60  Failure to identify the 
stomach on the prenatal sonogram raises suspicion for 
chromosomal abnormalities, however, 70% of the time 
the fetus has a normal karyotype. 2,60    

 Duplications of Stomach and Bowel 
 Duplications can exist throughout the bowel, probably 
caused by errors of GI lumen recanalization, and in 
the stomach in particular, by errors in the develop-
ment of normal inpouching of the longitudinal folds. 
Stomach duplication is the least common, although 
approximately 300 cases were reported in the litera-
ture through 2002. 61–65  

 Diagnoses of antenatal duplications occur in all parts 
of the GI tract. They are typically echoless cystic struc-
tures, occasionally fi lled with echogenic hemorrhagic 
or inspissated material. The mucosal lining results in 
echogenic inner walls.61–65   

 SMALL BOWEL OBSTRUCTION 

 Causes of small bowel obstruction include the afore-
mentioned intestinal duplications, as well as bowel 
atresia or stenosis, midgut volvulus and congenital 
peritoneal bands, internal hernias, and Hirschsprung 
disease when it involves the entire colon. 2  

 Midgut Volvulus 
 A volvulus is an obstruction caused by the bowel twist-
ing upon its blood supply. 2  The bowel attains its normal 
position and confi guration after a 270-degree rotation, of 
which the fi rst 180 degrees occurs in the extraembryonic 
coelom at the base of the umbilical cord during weeks 
6 through 10. The remaining 90 degrees occurs within 
the fetal abdomen. If the small bowel fails to completely 
return to the abdominal cavity and rotate properly, the 



 558 PART 2 — OBSTETRIC SONOGRAPHY

third trimester. In distal obstructions, any increase in 
amniotic fl uid occurs later and to a lesser degree. Of 
note, normal fl uid-fi lled loops of bowel image in the 
third trimester. 1  

 An extensive small bowel atresia, known as apple-
peel or Christmas tree atresia, involves most of the small 
 bowel distal to the obstruction. In this instance, the en-
tire intestine may twist or wind around a fi xed point 

dilated fl uid-fi lled loops proximal to the obstruction. 2  
Smaller areas of jejunoileal atresia are more common, 
with the most common sites of involvement being the 
proximal jejunum or the distal ileum. Impairment of 
the antenatal blood supply is thought to be responsible 
or is a secondary result of volvulus or gastroschisis. 1  
The polyhydramnios associated with proximal small 
bowel obstructive lesions is usually seen only in the 

Figure 21-20 Malrotation with volvulus. A: Normal small bowel mesenteric attachment (as demonstrated by the arrow). This prevents twisting 
of small bowel because of the broad fi xation of the mesentery. B: Malrotation of colon with obstructing duodenal bands. C: Midgut volvulus 
around the superior mesenteric artery caused by the narrow base of the mesentery.



A B
Figure 21-21 Volvulus. A: Oblique view of the fetal abdomen reveals markedly dilated loop of bowel (arrowheads). B: Transverse section of 
the upper abdomen, superior to above this dilated loop, reveals multiple minimally dilated segments of bowel (arrows). Based on this appear-
ance, a diagnosis of volvulus was made prenatally and was confi rmed after birth.

Figure 21-22 A: Plain radiograph of an infant with malrota-
tion. There is a paucity of small bowel gas. B: Upper gas-
trointestinal contrast study demonstrating malrotation with 
midgut volvulus and duodenal obstruction. The position 
of the duodenojejunal junction is abnormal. C: Plain fi lm 
showing a contrast-fi lled colon and cecum on the patient’s 
left (asterisks). The entire small bowel is to the right of mid-
line. These are typical radiographic fi ndings of malrotation.

  559
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patients with some sort of duodenal obstruction. 37  Al-
most half of all duodenal atresia cases are associated 
with other anomalies. Associated malformations in-
clude cardiovascular anomalies, bowel malrotations, 
esophageal atresia, and tracheoesophageal fi stula (Ta-
ble 21-3). 

 Other Imaging Modalities 

 Radiographs demonstrate a double-bubble sign similar 
to the sonographic fi nding. This characteristic fi nding of 
duodenal atresia is due to the resultant obstruction. Bowel 
gas in the distal bowel indicates a stenosis (Fig. 21-25). 

 Differential Diagnosis 

 In the presence of the double-bubble sign, differential 
diagnoses include not only duodenal atresia but also 
an annular pancreas. Because of air in the stomach and 

such as a congenital band or the ileocecal  vessels. 67  
Prompt diagnosis and treatment leads to an excellent 
prognosis. 

 Sonographic Imaging 

 Fluid fi lling the stomach and the duodenum at the site 
of obstruction creates the classic “double-bubble” im-
age of duodenal atresia. The double-bubble image is 
nonspecifi c and can be seen in other entities, including 
duodenal stenosis, annular pancreas, anomalous peri-
toneal bands or Ladd bands, proximal jejunal atresia, 
bowel malrotation, and diaphragmatic hernia. 1,2  Affect-
ed fetuses often demonstrate symmetric growth retar-
dation and, as with any high GI tract obstruction, many 
have polyhydramnios (Fig. 21-24). 1,2  

 Duodenal atresia is most commonly associated with 
trisomy 21, occurring in as many as 22% to 30% of 

Figure 21-23 Anatomic forms of duodenal atresia (A–C) and webs (D,E). In particular, (E) demonstrates the unique wind sock deformity. This 
lesion is important and potentially confusing because the point of obstruction is not at the apparent point of change in luminal diameter.
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Figure 21-24 Transverse view of the fetal upper abdomen demon-
strating the classic “double-bubble” sign representing the dilated 
stomach (S) and duodenum (star). (Image courtesy of Philips Medical 
Systems, Bothell, WA.)

 Meconium Ileus 
 The third most common bowel obstruction in neo-
nates is meconium ileus, most often due to cystic 
fi brosis. 1  This autosomal recessive 35  dysfunction of 
the exocrine and mucus-producing glands can pres-
ent with dilated bowel loops in its early form. Cys-
tic fi brosis most particularly affects the pancreas, 
biliary tract, intestines, and bronchi, with associated 
disturbances of mucus and electrolyte secretion. It 
is the most common lethal genetic condition among 
whites, occurring at an approximate frequency of 
1 in 35,000 live births. 35  The small bowel obstruc-
tion of the distal ileus that fetuses with cystic fi bro-
sis may have is a meconium impaction, the result of 
increased thickness and stickiness of the meconium 
and related poor motility of the bowel. Meconium 
ileus, like other causes of small bowel obstruction, 
can lead to bowel perforation and the complications 
and fi ndings of meconium peritonitis. 2,6  

TABLE 21-3

Fetal Hydrops

Type Cause

Midgut 
 volvulus

Fluid-fi lled proximal duodenum
Polyhydramnios
Echogenic mass inferior to the liver
Dilated bowel loops
Whirlpool sign
Twisted vessels with color Doppler

Duodenal
 atresia

Fluid-fi lled stomach and duodenum
 creating the double-bubble sign
Symmetric intrauterine growth retardation
Polyhydramnios

Muconium 
 ileus

Dilated echogenic ileum
Intraperitoneal fl uid/ascites
Possible pseudocyst
Intra-abdominal calcifi cations
Polyhydramnios 
Dilated small bowel
Increased abdominal biometry
Decreased bowel peristalsis

duodenum, these spaces appear black or radiolucent on 
the radiograph. At times, it is diffi cult to differentiate 
between the two entities as they often coexist. In the 
absence of the second bubble, the suspicion of duodenal 
atresia increases. Other differentials include duodenal 
stenosis or a midgut volvulus. 

 Prognosis 

 Early neonatal surgery is associated with a good GI tract 
result. 1,2,6  

PATHOLOGY BOX 21-5

Prevalence of Anomalies Associated with Duodenal 
Atresia1,2,6

Anomaly Prevalence (%)

Cardiovascular 20
Bowel malrotation 22–40
Trisomy 21 33
Symmetric growth 50
 retardation
Polyhydramnios 45
Esophageal atresia 7
 or tracheoesophageal
 fi stula

Figure 21-25 Duodenal atresia with double-bubble sign. The left 
bubble (open arrow) represents air in the stomach; the right bubble 
(solid arrow) refl ects duodenal gas. There is no gas in the small or 
large bowel distal to the level of the complete obstruction.



 562 PART 2 — OBSTETRIC SONOGRAPHY

abdomen, consider that the increased echogenicity or 
calcifi cation is neither in the organ parenchyma such as 
the liver nor within bowel lumen, but rather is on the 
peritoneal surface (Fig. 21-27). 

 Sonographic fi ndings that should make the examiner 
suspect small bowel obstruction include: 

 • Polyhydramnios 
 • Disproportionately dilated proximal small bowel 
 • Failure to detect normal colon in late pregnancy 
 • Fetal ascites 
 • Peritoneal calcifi cations 
 • Decreased or absent peristalsis in dilated bowel 

loops noted over a period of time 
 • Large AC for gestational age 

 Meconium peritonitis may result from meconium 
 ileus and cystic fi brosis. 68  Meconium peritonitis oc-
curs following rupture of the bowel, presenting with 
scattered calcifi cations throughout the peritoneum. 
These calcifi cations form from the response of for-
eign body giant cells and calcium deposits within in-
fl amed tissue caused by sterile chemical peritonitis. 
The calcifi cations can usually be seen within 8 days 
of rupture, occurring in 86% of muconium peritonitis 
cases. 56  At least half of these perforations are thought 
to result from distal mechanical obstructions, where-
as the remainder may be caused by  viral infections 
such as cytomegalovirus or parvovirus B19. 

 Lack of bowel contents entering the large bowel can 
produce a microcolon. Associated bowel perforations, 
which often close before birth, may be the cause of 
ascites and meconium peritonitis. 2  Peristalsis, which 
in postnatal work may highlight bowel just proximal 
to a point of early obstruction, is not always easy to 
determine in antenatal small bowel evaluation. Func-
tional causes of bowel dilatation may simulate obstruc-
tion, including the rare congenital chloridorrhea, with 
its profuse chloride diarrhea, dilated small bowel, and 
microcolon (Fig. 21-26). 2  

 Sonographic Imaging 

 The meconium-impacted ileum becomes dilated, ap-
pearing echogenic on the sonographic image. If this 
bowel perforates because of the meconium overproduc-
tion, an infl ammatory response occurs. With the initial 
perforation, free intraperitoneal fl uid images with the 
development of a pseudocyst because of this chronic 
meconium peritonitis. Pseudocysts with a calcifi ed rim 
or eggshell calcifi cation may also form because of the 
chronic peritonitis. 1  In analyzing an area of increased 
echogenicity or possible calcifi cation in the fetal 

Figure 21-26 Meconium ileus causing obstruction of the terminal 
ileum from abnormally thick, inspissated meconium.

A B
Figure 21-27 A: A transverse image through the fetal abdomen demonstrating an anechoic meconium cyst (star). Use the aorta (open arrow), 
which lies slightly to the left of midline, to determine this cystic structure is on the left of the abdomen. B: A longitudinal image through the 
abdomen of the same fetus. The stomach (solid arrow) helps localize the cyst as a separate structure inferior to the left side of the hypoechoic 
diaphragm (open arrow). Sp, spine; Pl, placenta. (Image courtesy of Philips Medical Systems, Bothell, WA.)
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 ECHOGENIC BOWEL 

 The use of higher-frequency transducers in fetal ultra-
sound has resulted in the increase of echogenic bowel 
as a sonographic fi nding. It is reported to be the most 
common echogenic mass found in the fetal abdomen. 26  
Clinical reports have noted that collapsed small bowel 
often appears as an echogenic nonshadowing mass in 
the lower abdomen and pelvis of normal fetuses. This is 
an especially common fi nding in the second trimester, 

 Other Imaging Modalities 

 Usually not seen on a radiograph, meconium may ap-
pear as a mottled area within the abdomen in the fi rst 
few days of life. More often the result of a rupture, me-
conium peritonitis appears as infl ammation. Obstruc-
tion from the impacted meconium appears as multiple 
air-fi lled loops of bowel (Figs. 21-28 and 21-29). 

 Differential Diagnosis 

 Differential diagnoses include Hirschprung disease, 
bowel obstruction, meconium plug syndrome, and cys-
tic fi brosis. 69,70  

 Prognosis 

 Prior to 1970, patients with meconium ileus had poor 
outcomes; however, surgical improvements have result-
ed in very favorable outcomes. 70  In the case of cystic fi -
brosis as the cause for this fi nding, the prognosis mirrors 
the general cystic fi brosis morbidity and mortality rates. 70  
Currently, prognosis is excellent for these patients. 

 LARGE BOWEL OBSTRUCTION 

 Obstructions of the colon or large bowel are more diffi -
cult to diagnose antenatally than are those of the small 
bowel, and they are not associated with increases in 
amniotic fl uid. Normal colon tends to image only in the 
third trimester and is frequently observed without any 
obvious bowel peristalsis. The major causes of large 
bowel obstruction are imperforate anus, meconium il-
eus and Hirschsprung disease or megacolon, and agan-
glionosis of part of or the entire colon. 

 First described in 1886 by Danish physician Harold 
Hirschsprung, Hirschsprung disease is a functional 
disorder of the distal colon that results in perpetually 
contracted or tonic bowel. The colon does not relax 
because of the congenital absence of the neuroenteric 
ganglion cells in the mucosal layer of the bowel. These 
cells control the relaxation phase of peristalsis and con-
sequently affect the movement of meconium resulting 
in a functional obstruction. Occurring more often in 
males, Hirschsprung disease usually affects a segment 
of bowel beginning at the distal portion. 6,67  Total colonic 
Hirschsprung disease is a particularly diffi cult diagno-
sis to make because of the lack of a normal segment of 
bowel for comparison. 1,2  Other entities may affect the 
motility of the fetal bowel and formation of a meco-
nium plug, including maternal preeclampsia, maternal 
diabetes mellitus, maternal administration of magne-
sium sulfate, prematurity, sepsis, and hypothyroidism. 67  

 A colon wall-to-wall diameter measurement varies 
with gestation age; however, a descending colon measure-
ment greater than 20 mm in a preterm fetus is considered 
abnormal. 71  The fetal rectosigmoid colon, however, can 
reach a size of 2 to 3 cm when fi lled with meconium near 
term. An antenatal indication of Hirschsprung disease is 
a focal bowel dilatation proximal to the obstruction. 

Figure 21-28 A: Plain fi lm radiograph of calcifi ed pseudocyst in 
complicated meconium ileus. B: In utero ultrasound demonstrating 
calcifi ed pseudocyst.
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can be associated with other fetal abnormalities, espe-
cially of the spine or GI tract in 30% of cases. As many 
as 40% of enteric cysts involve the ileum and raise a 
possibility of small bowel obstruction. 56  

 AMNIOTIC FLUID 
 Amniotic fl uid is a dialysate of maternal serum, essen-
tial for the maintenance of an even fetal temperature 
and biochemical homeostasis. Its presence allows fetal 
movement and growth, and it is thought to be essential 
for the development of the tracheobronchial tree. 6  Typi-
cally anechoic, occasionally sonographers fi nd echogen-
ic material moving within the fl uid. In one study of 19 
fetuses with very echogenic amniotic fl uid that soon af-
ter had a third-trimester amniocentesis, the echogenici-
ty was caused by vernix caseosa in all but one case of 
fetal distress and intrauterine meconium passage. 72  

 At 12 weeks’ gestation, amniotic fl uid volume aver-
ages 60 mL, increasing 20 to 25 mL per week until 16 
weeks and then increasing 50 to 100 mL per week until 
20 weeks. The mean fl uid volume at 20 weeks is 500 mL. 
The fetus may contribute to amniotic fl uid volume by fl u-
id transfer across the fetal skin surfaces, including skin, 
cord, chorion, and amnion. Fetal urine production begins 
at 12 weeks, but the amount is insignifi cant until the 18th 
to 20th weeks of gestation. By the late third trimester, 
the fetus is producing approximately 450 mL of urine per 
day. Beyond 20 weeks, transudation of fl uid across fetal 
surfaces is inadequate to maintain normal amniotic vol-
ume, and the fetus essentially modifi es fl uid volume and 
composition only by swallowing and urination. 1,2,6  

 Normal amniotic fl uid volume may be maintained 
by one functioning kidney and a nonobstructed GU 
tract. Oligohydramnios of fetal origin results from 

with approximately 50% of the reported cases resolving 
spontaneously. 56  However, it also can be a normal fi nd-
ing at other points in pregnancy, particularly the late 
third trimester because of the presence of meconium in 
the bowel. 2,6  

 Several differential diagnoses with increased bowel 
echogenicity are as follows include 

 • Congenital fetal infections including cytomegalo-
virus 

 • Chromosomal abnormalities such as triploidy and 
trisomy 21, 18, or 13 

 • Mesenteric ischemia 
 • Meconium ileus with its hyperechoic intraluminal 

meconium 
 • Swallowed blood from intra-amniotic bleeding 
 • Intraluminal gas produced by bacteria associated 

with maternal amnionitis 1,2,6  
 Exactly what represents increased echogenicity is 

 highly subjective (Fig. 27-2). Certainly, bowel echo-
genicity greater than the echogenicity of nearby  fetal 
bone has been commonly acclaimed as indicating 
greater risk for meconium ileus/cystic fi brosis and the 
pathologic processes associated with increased bowel 
echogenicity. Because of the increased association with 
fetal demise and IUGR, these fetuses should be fol-
lowed closely. 2  

 ENTERIC INCLUSION CYSTS 

 Enteric inclusion cysts are a rare fi nding but are more 
likely to be imaged with the increased resolution of so-
nographic equipment. 72  They may present as cystic or 
solid-appearing structures within the fetus. These cysts 
are formed by an inner epithelium of a respiratory or in-
testinal type and a two-layer smooth muscle wall. They 

Figure 21-29 A. Plain radiograph of neonate with meconium ileus. B: Contrast enema in an infant with meconium ileus demonstrating an 
unused but intrinsically normal microcolon.
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 Asymmetry of renal tissue within or beyond the re-
nal bed or an unusual kidney shape may be caused by a 
single horseshoe kidney, a duplicated system, a tumor, 
or fused or nonfused crossed renal ectopia. 1  Horseshoe 
kidneys are formed by the fusion of the lower poles and 
occur in 1 in 500 births. Seven percent of patients with 
Turner syndrome are diagnosed with a horseshoe kid-
ney. 73  Crossed renal ectopia is found more frequently in 
male fetuses and affect the left kidney. 1  Renal function 
is usually normal in these incidences. 

 Bilateral renal agenesis, often considered the clas-
sic form of Potter sequence, 2  occurs at the rate of 1 to 
3 cases per 10,000 live births, predominantly in male 
infants. 6  The reoccurrence rate in families is as high as 
50% with autosomal dominant pattern and approxi-
mately 25% in autosomal recessive conditions. 6,35  Fe-
tuses with bilateral renal agenesis have an increased 
incidence of other anomalies, especially involving the 
musculoskeletal system (in particular sirenomelia) and 
the cardiovascular system. 6  GI and central nervous 
system malformations are also diffi cult to confi rm be-
cause of the lack of amniotic fl uid. In the presence of 
an esophageal atresia or tracheoesophageal fi stula, 
there may be an appearance of a normal amount of 
fl uid. 1  

 Sonographic Findings 
 The inability to locate a kidney during the prenatal 
exam raises suspicion for unilateral agenesis. This fi nd-
ing during sonographic exam should result in a search 
of the fetal abdomen from the pelvis to the renal fossa. 
In the case of the unilateral kidney, the size is larger 
than in a fetus with two kidneys because of compen-
satory mechanisms. Unilateral agenesis may not result 
in a change in amniotic fl uid levels or bladder fi lling; 
however, with both kidneys absent, oligohydramnios 
and an empty bladder images. 8  In the presence of renal 
agenesis, the adrenal glands move into the renal fossa, 
assuming a position parallel to the spine. 6  See the ad-
renal section for a complete discussion of this fi nding. 
The adrenal gland may also enlarge imaging as a globu-
lar structure within the renal fossa. 2  

 Severe oligohydramnios is usually noted between 
the 16th and 28th weeks of gestation in fetuses with 
bilateral renal agenesis. Bilateral renal agenesis results 

abnormality of the GU tract, usually bilateral renal 
agenesis, urethral atresia, or bilateral nonfunctional re-
nal dysplasia. Oligohydramnios hinders fetal anatomy 
analysis because of the limitation of the fl uid imaging 
window. The diagnosis of oligohydramnios is somewhat 
subjective and varies with fetal gestational age. Sono-
graphically, the diagnosis is made by noting decreased 
fl uid surrounding the fetus and crowding of fetal parts. 
Use of the amniotic fl uid index (AFI) represents a more 
objective method of analyzing the fl uid level. Uterine 
contractions compress the fetal abdomen, decreasing 
the surrounding amniotic fl uid that may cause a pseu-
do-omphalocele. 

 GENITOURINARY SYSTEM 
 A routine second-trimester prenatal ultrasound may 
incidentally reveal abnormalities of the GU system. 
The identifi cation of the fetal kidneys is possible by 22 
weeks’ gestation in 95% of patients scanned. 73  Fetal 
malformations are noted once in every 200 births and, 
of those, GU system anomalies are the most common. 
They account for about 30% of congenital abnormali-
ties in the fetus. This early diagnosis not only allows 
for intervention, but also leads to controversial thera-
pies for obstructive processes. 74  The amount of amni-
otic fl uid observed has a direct correlation to the renal 
function of the fetus. Any unusual variation of the fl uid 
 volume should lead to careful assessment of the GU 
system. This survey includes visualization of the blad-
der and confi rmation of renal arteries with color Dop-
pler. By 9 weeks’ gestational age, the kidneys should 
have attained their normal position and the blood sup-
ply established. A quarter of adults have more than two 
renal arteries on each side. 1  

 The bladder, which may appear quite large in nor-
mal fetuses, images either on initial or during a di-
uretic enhanced follow-up examination in all fetuses 
older than 15 weeks. This fi nding helps to rule out 
bilateral renal dysfunction, bilateral renal, or ureteral 
obstruction. Fetal voiding decreases bladder size, thus 
eliminating bladder outlet obstruction with the fi nding 
of a large bladder. Bladder wall thickening, a sign of 
outlet obstruction, often caused by posterior uretheral 
valves (PUV), should be excluded. A dilated posterior 
urethra in a male fetus suggests obstruction, usually 
PUV. 1,2,6  

 RENAL MALFORMATIONS 
 RENAL AGENESIS 

 Absence of one kidney, unilateral renal agenesis, occurs 
in 1 in 1,000 births and is considered very common. 75  
Occurring in approximately 1 in 2,000 pregnancies, ec-
topic kidneys are found anywhere on the embryologic 
“migratory path.” An ectopic kidney remaining in the 
pelvis appears as a mass in a female fetus. 1  

PATHOLOGY BOX 21-6

Sonographic Findings with Renal Agenesis

Identifi cation of one or both kidneys
Normal or oligohydramnios
Small thorax
Dolichocephaly
Absent bladder
Adrenal gland fl attened in renal fossa
Absent renal arteries with color Doppler
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the emptying of full bladders. 1  The postnatal confi rma-
tion of hydronephrosis should not be made within the 
fi rst day or two of life because of neonatal dehydration 
and relatively low glomerular fi ltration rate of young 
infants, which may contribute to a falsely normal ap-
pearance of the newborn renal pelvis. 1,2,6  

 A dilated renal pelvis can be caused by obstruction 
at any level of the urinary tract or by vesicoureteral 
refl ux, or it can be related to prune belly syndrome.8   
On rare occasions, dilation can be caused by pressure 
from a pelvic mass. The fi nding of dilated renal pel-
vis raises suspicion for chromosomal anomalies. 2  The 
majority of kidneys with antenatal pyelectasis of less 
than 1 cm prove to be normal at birth. Many cases of 
antenatal GU tract dilatation are unrelated to either 
obstruction or vesicoureteral refl ux in the neonate. As 
a result, serial sonograms to monitor the dilation have 
become common.   

 It is important to diagnose fetal hydronephrosis for 
a positive outcome. A grading system developed by the 
 Society for Fetal Urology helps assess fetal hydronephrosis 
in relation to neonatal clinical outcome (Table 21-5). 33,34,43  
The grades are also applied to various degrees of refl ux as 
stated below: 32  

 • Grade I- physiologic dilatation, ureter only 
 • Grade II- intermediate hydronephrosis, ureter re-

nal pelvis, calyces without dilatation 
 • Grade III- intermediate hydronephrosis, dilatation 

of the ureter and/or dilated pelvis 
 • Grade IV- shape of calyces maintained but dilated, 

requires surgical intervention, renal pelvis greater 
than 1.5 cm 

 • Grade V- gross dilatation, requires surgical inter-
vention, anteroposterior (AP) measurements of 
the renal pelvis greater than 1.5 cm 64  

 Fifty percent of patients with intermediate hydro-
nephrosis require postnatal surgical intervention. 
There is no standardized international classifi cation 
or measurement technique; however, the Australasian 
Society for Ultrasound in Medicine uses the AP renal 
pelvic diameter correlating the size to gestational age. 
From 18 to 20 weeks, 4 mm is considered normal; 6 
mm is considered normal at 32 weeks. Severe hydro-
nephrosis is any gestation with greater than 10 mm of 
dilation (Fig. 21-30). 33  

 Sonographic Imaging 
 After 24 weeks’ gestation, it is common to see at least 
some dilatation of the central renal pelvis. The anecho-
ic fl uid is a sharp contrast to the normal echogenicity 
of the renal parenchyma. The renal pelvis may measure 
between 5 and 10 mm in AP diameter depending on 
gestational age and is often a transient fi nding. 1  Bilater-
al hydronephrosis is found in as many as 40% of  cases, 
though only 5% of those require surgical intervention 
after birth. 73  Normal ureters are not imaged unless 
they are obstructed. Serial follow-up scans assess any 

in dolichocephaly and a small thorax due to oligohy-
dramnios and the resultant uterine compression. Color 
Doppler visualizing the aorta and renal arteries is one 
method to confi rm either unilateral or bilateral agen-
esis. The inability to image both the kidney and a renal 
artery helps diagnose this anomaly. 

 Other Imaging Modalities 
 If sonography is unable to provide a defi nitive diagno-
sis of renal agenesis, MRI may be of benefi t. 2  

 Differential Diagnosis 
 Other renal diseases to include with the fi nding of oli-
gohydramnios include bilateral cystic kidney disease, 
bladder outlet obstruction, IUGR, and premature rup-
ture of membranes. 6  

 Prognosis 
 Bilateral renal agenesis is incompatible with life. 2,8  
Individuals with one kidney, and no other coexisting 
malformations, have a normal life span. 2,6  

 FETAL OBSTRUCTIVE UROPATHIES 

 Any blockage of urine fl ow in the urinary system re-
sults in a condition defi ned as an obstructive uropa-
thy. The obstruction can occur anywhere along the 
tract: the ureter, bladder, or urethra. 75  Sonography al-
lows for early detection of fetal hydronephrosis, the 
most common fetal anomaly. 1  The recognition of the 
dilated renal pelvis is important, because long-term 
obstruction can cause permanent damage to the kid-
neys (Table 21-4). 

 In some fetuses, the degree of pelvic dilatation has 
been noted to change, usually decrease, with fetal blad-
der emptying. This may be similar to the decrease or 
absence of renal pelvic dilatation seen in adults after 

TABLE 21-4

Etiologies of Hydronephrosis

Type % of Occurrences

Transient 48%
Physiologic 15%
Ureteropelvic junction (UPJ) 11%
Vesicoureteral refl ux (VUR)  9%
Megaureter (obstructed or 
 unobstructed)

 4%

Multicystic dysplastic kidney  2%
Ureterocele  2%
Posterior urethral valves  1%
Other (ectopic ureter, prune belly, 
 urachal cyst, and urethral atresia)

 8%

Woodward M, Frank D. Postnatal management of antenatal 
hydronephrosis. BJU International. 2002;89(2):149–156.
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change in the AP measurement of the renal pelvis. With 
a persistent AP measurement of greater than 10 mm, 
85% of fetuses have some sort of anatomic anomaly 
(Fig. 21-31). 75  

 Complementary Imaging 
 The neonate with prenatally diagnosed hydronephro-
sis may need a voiding cystourethrogram (VCUG) to 
detect urinary refl ux or ureteral abnormalities. An MRI 
provides images to aid in determination of anomalies 
causing the renal dilatation. 2  

 Prognosis 
 The prognosis for fetuses with dilated renal pelvises de-
pends on any coexisting malformations. There is a poor 
prognosis in fetuses with bilateral hydronephrosis, an 
obstructed bladder, low fl uid, and resultant pulmonary 
hypoplasia. 2  Early diagnosis of renal obstruction and 
subsequent early pediatric surgery for correction is nec-
essary to ensure future renal function. 

 CAUSES FOR HYDRONEPHROSIS 

 Ureteropelvic Junction Obstruction 
 The most common cause of congenital obstructive hy-
dronephrosis is ureteropelvic junction (UPJ) obstruc-
tion, which occurs in 1 of every 2,000 newborns and is 
bilateral in almost one-third of cases. Bilateral involve-
ment is usually asymmetric; severe bilateral involve-
ment is unusual. 6  

 UPJ obstruction occurs at the junction of the renal 
 pelvis and the ureter. Several anatomic causes of UPJ are: 

 • Abnormal ureteral insertion 
 • Unusual shapes of the pyeloureteral outlet 
 • Ureteral valves 
 • Fibrous adhesions, bands, or kinks 
 • Aberrant lower pole vessels 
 • Absence of the longitudinal muscle essential to 

the excretion of urine from the kidney 1,75  

TABLE 21-5

Grading System for Fetal Hydronephrosis64

Grade 0 Normal

Grade I Renal pelvis: �1 cm in
 AP diameter
Calyces: Not visualized
Cortex: Unremarkable

Grade II Renal pelvis: 1.0–1.5 cm
Calyces: Not visualized
 (normal)
Cortex: Unremarkable

Grade III Renal pelvis: �1.5 cm
Calyces: Slight dilatation
Cortex: Unremarkable

Grade IV Renal pelvis: �1.5 cm
Calyces: Moderately
 dilated
Cortex: No signifi cant
 abnormality

Grade V Renal pelvis: �1.5 cm
Calyces: Severe
 dilatation
Cortex: Atrophic

Figure 21-30 Transverse image of mildly dilated renal pelvis dem-
onstrating the proper measurement method.
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Figure 21-31 Various degrees of fetal hydro-
nephrosis. Mild, grade I, on a longitudinal (A) 
and transverse (B) image. Moderate, grade II, 
on a longitudinal (C) and transverse (D) image. 
 Increasing hydronephrosis, grade IV, demonstrat-
ing dilatation of the calyces (E) on a longitudinal 
image. A grade V on a coronal (F) and transverse 
(G) image.
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 Sonographic Imaging 

 Hydronephrosis without a hydroureter supports the 
 diagnosis of UPJ obstruction. 8  Amniotic fl uid levels are 
normal to increased. 6,8  

 Ureterovesical Junction Obstruction 
 Ureterovesical junction obstruction is rare and noted by 
dilatation of the ureter to the level of the bladder. Mega-
ureter can be classifi ed as primary or secondary and is 
frequently idiopathic. 75  Primary megaureter can cause 
obstruction by lack of peristalsis in a focal portion of 
the distal ureter. A defect caused by fi brosis or stenotic 
ureteral valves can be the source of the megaureter. 1  Sec-
ondary megaureter is a result of an obstruction at anoth-
er location, possibly from pressure of a vessel or mass. 1,75  

 Occasionally, an antenatal observation of partial 
obstruction occurs in only one portion of a kidney. A 
common anomaly is renal duplication, consisting of two 
renal collecting system portions and their separate ure-
ters. This may occur unilaterally or bilaterally. The up-
per pole of the duplicated kidney can appear cystlike be-
cause of obstruction. This is usually because of ectopic 
placement of its distal ureter and often is in association 
with an ectopic ureterocele. The lower portion, or moi-
ety, frequently has associated vesicoureteral refl ux that 
occasionally results in the appearance of pyelocalyceal 
dilatation. The prenatal diagnosis of a duplicated kidney 
system is often limited by the small size of the upper 
part and the changing size of the ureterocele owing to 
intravesical pressures. Ureteroceles found outside the 
bladder may simulate any pelvic cystic mass, including 
ovarian cyst, anterior meningocele, and hydrocolpos. 

 Sonographic Imaging 

 During the sonographic exam, the fi nding of a tortu-
ous dilated ureter and renal pelvis raises suspicion for a 
ureterovesical junction obstruction. Unilateral obstruc-
tion demonstrates normal amniotic fl uid levels with bi-
lateral obstruction resulting in oligohydramnios. 6,8  

 Posterior Urethral Valves 
 Posterior urethral valves may cause a distal urinary tract 
obstruction that may result in hydronephrosis, hydro-
ureters, and dilation of the bladder. 1  Posterior urethral 
valve is a predominately male abnormality because of 
redundant membranous folds in the posterior urethra 
that lead to varying degrees of obstruction. Typically, 
there is a thick-walled, dilated bladder, and often an ap-
parent dilated posterior urethra. If the obstructed urine 
refl uxes with pressure into the renal pelvis, there may 
be forniceal rupture and the development of a perirenal 
urinoma or urinary ascites. These have been character-
ized as three different types of valves. 75  

 • Type I—folds distal to the verumontanum, insert 
into lateral wall of urethra 

 • Type II—folds originate in the verumontanum, 
pass to the bladder neck, and divide into multiple 
membranes 

 • Type III—folds distal to verumontanum though not 
attached, small opening in diaphragm-like structure

The verumontanum is a landmark on the fl oor of 
the prostatic urethra near the entrance of the seminal 
vesicles. 

 Sonographic Imaging 

 Uretheral obstruction may result in low fl uid levels and 
a thick-walled, dilated bladder. The urethra may be di-
lated with bilateral hydronephrosis and hydroureters. 8  

 Bladder Outlet Obstruction 
 Any condition that blocks fl ow from the bladder is known 
as bladder outlet obstruction. 75  This type of obstruction 
is seen in patients with PUV, urethral atresia, and the 
caudal regression syndrome. In each case of bladder out-
let obstruction, or megacystis, there may be retrograde 
fi lling and dilatation of bladder, ureters, and renal pelvis. 
The bladder wall proximal to an area of obstruction may 
become trabeculated and appear thickened. 

 Severe hydronephrosis is seen in about 15% of 
cases and may lead to Potter sequence. Another con-
sideration should be megacystis-microcolon intestinal 
hypoperistalsis syndrome. 1  Complete urethral atresia 
is similar to severe PUV. The fetal urinary bladder 
changes in size as the fetus micturates into the ab-
dominal cavity. If the bladder is not seen during an 
ultrasound examination, a recheck after 20 to 30 min-
utes demonstrates a fi lling bladder. 75  

 PRUNE BELLY SYNDROME 

 This syndrome, also known as the urethral obstruction 
malformation complex, 1  presents with a triad of fi ndings: 

 • Distention of the anterior abdominal wall 
 • Obstruction of the urinary tract 
 • Cryptorchidism 29  
 The fetal abdomen can assume a particularly dis-

tended appearance from fetal ascites or an extremely di-
lated bladder, resulting in the characteristic laxity of the 
abdominal wall. The thorax is smaller in comparison, 
with hypoplastic lungs, and there is usually a degree of 
hydronephrosis observed along with oligohydramnios. 
Successful placement of a bladder shunt to drain the 
excess urine can result in reduced pressure, allowing 
development of the lungs and an improved prognosis. 1  
Other sonographic fi ndings include a large bladder with 
a thick wall, tortuous and dilated ureters, hydronephro-
sis, renal dysplasia, and a patent urachus. Associated 
anomalies include GI malformations, pulmonary hypo-
plasia due to oligohy dramnios, and cardiac and skeletal 
malformations. 

 CYSTIC KIDNEY DISEASE 
(POTTERS SEQUENCE) 
 Polycystic kidney disease (PKD) is the result of a single 
gene mutation and is one of the most common renal 
disorders.35   The autosomal dominant form has a higher 
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incidence than the recessive form, affecting about half 
a million people in the United States. Affecting 1 in 500 
to 1,000 individuals, the autosomal dominant form is 
more common than the recessive form. 35  Included in 
Potters sequence is multicystic renal dysplasia (MCRD), 
which is due to metanephros development failure and 
obstructive cystic dysplasia, which occurs as the result 
of a mechanical process. 6,30  

 Osthanondh and Potter classifi ed cystic dysplasias of 
the kidneys into four types: 

 • Type I- autosomal recessive polycystic kidney dis-
ease (ARPKD), also known as infantile polycystic 
kidney disease 

 • Type II- multicystic renal dysplastic disease (MCRD) 
 • Type III- autosomal dominant polycystic kidney 

disease (ADPKD), also known as adult polycystic 
kidney disease 

 • Type IV- obstructive cystic dysplastic disease 1,6,30  
 Potter type I ARPKD affects both kidneys; its reported 

incidence is 2 cases in 100,000 births, 1  with a 25% recur-
rence rate in affected families. Saccular dilatations of the 
collecting tubules create multiple small cysts (typically 
1 to 2 mm) that are too small to be resolved as cysts 
on sonography. The classic image is that of massively 
enlarged, homogeneously echogenic kidneys taking up 
most of the abdomen’s space. 8  Unlike in other dyspla-
sias, there is no increase in connective tissue within 
these kidneys. Affected fetuses tend to have severe oli-
gohydramnios because of bilateral renal dysfunction, 
and the bladder is not imaged. Hypoplasia is the lead-
ing cause of neonatal death. Cases have been reported 
of kidneys later proven to have ARPKD that appeared 
normal on early antenatal scans, and abnormal only on 
scans in later pregnancy. Surviving children with PKD 
often have associated hepatic fi brosis, with a severity 
inversely related to the severity of their renal disease. 2,6  

 Potter type II multicystic dysplastic disease is the most 
common of the cystic renal dysplasias. Some believe that 
MCKD results from early ureteropelvic atresia. Typically, 
MCKD is a unilateral fi nding and the amniotic fl uid lev-
el is unaffected, allowing for normal lung development. 
Contralateral kidney anomalies are a common fi nding, 
as are contralateral UPJ obstructions. Bilateral MCKD oc-
curs at 19% incidence in one study of contralateral MCKD 
or MCKD with contralateral renal agenesis (11%). There is a 
question of at least a partial genetic infl uence in this dis-
order, which has a 3% to 5% familial recurrence rate. The 
sonographic image (Fig. 28-22) consists of multiple, large 
anechoic cysts of variable size, the largest of which is  not  
central, a more typical fi nding of hydronephrosis. The kid-
ney may vary in size from small to normal to large, but 
the reniform shape is often absent. Increased echogenicity 
between the cysts is usually the result of connective tis-
sue proliferation. The renal pelvis and proximal ureter are 
absent or atretic. Histologically, these kidneys typically 
consist of thick-walled cysts, small groups of tubules, and 
poorly formed glomeruli. Dysplatic kidneys occasionally 

increase in size as a result of urine production by the 
few remaining nephrons. Many reports of disappearing 
MCDKs may, in part, be related to eventual cessation of 
any urine production.2,6 

 Potter type III ADPKD is rarely seen in antenatal life, 
though it may be diagnosed when there is a family his-
tory of polycystic kidneys. 1  Also known as adult PKD 
(APKD), this condition typically begins in adulthood 
and is often asymptomatic for years. 75  Case reports note 
cysts interspersed in the cortex and medulla of bilater-
ally enlarged kidneys. Small cysts may not be resolved, 
and the kidneys may appear only echogenic. Although 
Adult PKD is a bilateral disease, there may be asymme-
try of involvement. The liver, pancreas, and occasion-
ally, the spleen may also contain cysts. Amniotic fl uid 
levels may be normal or decreased. 2,6  

Potter type IV obstructive cystic disease is thought 
to be secondary to an early obstruction of the GU tract.  
Usually seen in severe cases of PUV, it is commonly seen 
in association with the more severe obstruction of ure-
thral atresia. It has been reported in the caudal regres-
sion syndrome with persistent cloaca and other obstruc-
tions. Focal and segmental dysplasia may be seen and 
are often caused by obstruction or atresia of one of the 
ureters extending from a duplicated kidney. Sonographic 
fi ndings include signifi cant oligohydramnios and mod-
erately enlarged kidneys with small to medium capsular 
or peripheral parenchymal cysts. Other fi ndings depend 
on the site and degree of obstruction. Chronic obstruc-
tions at or distal to the bladder may show bladder wall 
thickening and enlargement, as well as ureteral dilata-
tion and a tortuous ureteral course when there is ob-
struction along the course of the  ureter.6   

 Several inherited syndromes have nonobstructive cys-
tic renal dysplasia as part of their fi ndings. These include 
Zellweger, Ehlers-Danlos, and von Hippel-Lindau syn-
dromes. Meckel-Gruber syndrome is one such entity with 
renal cysts (usually as part of bilateral MCDK) associated 
with occipital encephalocele and polydactyly. It has a 
25% recurrence rate in future pregnancies. Knowledge 
of the associated ultrasound fi ndings of syndromes can 
aid in making a specifi c antenatal diagnoses. This is par-
ticularly true in assessing future pregnancies. Half of all 
patients with the VACTERL ( v ertebral abnormalities,  a nal 
atresia,  c ardiac abnormalities,  t racheo- e sophageal,  r enal, 
and  l imb [or  r adius] abnormalities) association, one-third 
of those with trisomy 13, and one-tenth of those with 
trisomy 18 have associated renal cystic involvement. 1,2,6,35  
For a summary of Potters sequence, see Table 28-1. 

 OTHER RENAL ANOMALIES AND 
FINDINGS 
 Tumors of the kidneys are unusual and should be ques-
tioned when the renal contour is distorted and without 
obvious renal parenchyma. Imaged as unilateral echo-
genic masses, fetal renal hamartomas or congenital 
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mesoblastic nephromas are the most common renal neo-
plasms of the fi rst few months of life. The enlarged but 
functioning kidneys associated with tyrosinosis, glyco-
gen storage diseases, and other congenital metabolic dis-
orders may simulate bilateral fetal renal tumors. Wilms 
tumor or nephroblastoma have also been identifi ed. 75  

 Renal vein thrombosis is a well-known entity in neo-
nates that often presents with palpably enlarged kid-
neys and associated hematuria or varying degrees of 
renal failure. Theoretic etiologies include septicemia, 
maternal diabetes, prenatal steroid administration, and 
congenital renal defects. Linear echoes or densities 
within the kidneys suggest the pathognomonic intra-
renal calcifi cation within thrombosed renal vessels. 2,6  

 ADRENAL GLANDS 
 The fetal adrenal gland, as previously mentioned, may 
assume a more circular shape and simulate a kidney 
in the presence of renal agenesis. The adrenal gland 
has also been described as appearing fl at (Fig. 21-32) 
in other cases of fetal or neonatal renal agenesis or ec-
topia. 8  Anencephalic fetuses have small adrenal glands, 
allegedly because no adrenocorticotropic hormone is 
produced. 6  The adrenal gland is said to weigh less in 
the offspring of preeclamptic mothers and patients with 
antepartum hemorrhage. 2,6  

 The diagnosis of congenital malignant neoplasms of 
the adrenal glands is very rare. Most of those discov-
ered antenatally have been neuroblastomas, the most 
common extracranial solid malignancy of children. The 
sonographic patterns of those antenatally detected neu-
roblastomas have been nonspecifi c, with solid, mixed 
cystic and solid, and hyperechoic masses reported. The 

asymmetry of these masses from the contralateral ad-
renal gland may help differentiate them from enlarge-
ment due to fetal adrenal hemorrhage. 50  

 PELVIS 
 The normal fetal pelvis is small, and masses within it 
typically extend into the abdomen. The only routinely 
visualized normal organ is the fl uid-fi lled bladder. In 
the third trimester, the meconium-fi lled, echopenic, 
and tubular rectosigmoid may be noted. Echogenic fas-
cial lines separate normal muscle groups. The two ma-
jor groups of abnormality in this area are those of the 
female genital system, seen as pelvic masses that may 
extend beyond the pelvis and into the abdomen, and sa-
crococcygeal teratomas (SCT), noted as predominantly 
external masses with variable internal pelvic extension. 
A good check to determine that there is no external SCT 
is to look for symmetry of the soft tissues of the fetal 
rump without evidence of an associated mass. 

 PATENT URACHUS 

 The tube-like urachus connects the urinary bladder to 
the allantois. Early in fetal development, the patency 
is obliterated and the urachus becomes the median ve-
sicular ligament, which extends from the bladder apex 
to the umbilicus. 1  Partial obliteration can lead to cystic 
masses between the bladder and umbilicus along the 
anterior abdominal wall. Three types of defects  occur: 

 1. Urachal cyst: a cystic mass that forms along the 
duct’s course but does not communicate with the 
bladder 

 2. Urachal sinus: a cystic mass that communicates 
with the anterior abdominal wall but not with the 
bladder 

 3. Partially patent urachus: a cystic tubular area 
communicating with the bladder but not the ab-
dominal wall 

 Rarely, a complete communication between the blad-
der and anterior abdominal wall at the umbilicus oc-
curs. This patent urachus is seen in 1 to 2.5 per 100,000 
deliveries, twice as often in boys as in girls. The cys-
tic mass extends from the bladder apex to the anterior 
abdominal wall at the umbilicus. The abnormality is 
limited and is not associated with other signifi cant con-
genital abnormalities. In the case of an extra-abdominal 
mass, there must be differentiation from the more seri-
ous problem of bladder exstrophy (Fig. 21-33). 2,6  

 BLADDER EXSTROPHY 

 Bladder exstrophy is a failure in development of a primi-
tive streak of mesoderm in the allantoic extension of the 
cloacal membrane leading to variable presentations of 
bladder exstrophy, including split bony symphysis, diver-
gent rectus muscles, and exteriorization of the bladder. 30  
The bladder can appear as a solid anterior abdominal 

Figure 21-32 “Lying-down” adrenal gland in a renal fossa with an 
absent kidney. Left parasagittal view of the abdomen demonstrates 
the left adrenal gland (arrowheads) to be lying in a cephalocaudad 
orientation behind the stomas (S).
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wall mass that may simulate an omphalocele. Bladder 
exstrophy occurs in 1 in 25,000 to 40,000 births, with 
a male prevalence of twice times that of females. 6  This 
serious anomaly is associated with other GU, GI, and 
musculoskeletal abnormalities. MRI helps confi rm the 
diagnosis and assist in preoperative planning. 

 SONOGRAPHIC IMAGING 

 Bladder exstrophy demonstrates as a soft tissue mass ex-
tending from the lower anterior wall. It becomes impor-
tant to differentiate this anomaly from an omphalocele or 
gastroschisis defect. In the case of bladder  exstrophy, the 
soft tissue mass images inferior to the cord insertion be-
cause of the large infraumbilical defect. 8  Oligohydramnios 
may also be present because of the lack of fetal urination. 
Absence of the normal urinary bladder and the low inser-
tion of the umbilical cord are other diagnostic criteria. 2,6  

 PROGNOSIS 

 Correction of bladder exstrophy is achived through sur-
gical closure and excision of the urinary defect. 6  

 FETAL GENITALIA 
 HERMAPHRODITISM 

 Hermaphroditism is a rare condition that occurs when 
both male and female genitalia are present in the fetus. 
There are some mosaic karyotypes, but most fetuses are 
normal. The sonographer must be careful when deter-
mining fetal sex because other conditions can infl uence 
the appearance of the  genitalia. 1  

 MALE 

 Hypospadias is an incomplete fusion of the urogenital 
folds and is found in 1 in 300 births. The urethra can de-
velop an abnormal opening along the ventral surface near 

the glans penis or at midpoint of the penis. This can also 
occur in females with a urethral meatus in the  vagina. 

 Failure of the testes to complete the migratory de-
scent into the scrotum via the inguinal canal is termed 
cryptorchidism. 1  It is the most common genital abnor-
mality in children and can be unilateral or bilateral. 
Antenatal testicular torsion images similar to postnatal 
torsion. In the acute phase, the testis has a hypoechoic 
appearance and measures large when compared with 
the normal testis. As the torsion becomes chronic, the 
testis becomes small and may calcify. 2  This can be con-
fi rmed with color Doppler interrogation of the testicle. 

 Hydroceles 
 Fetal hydroceles are very common. A variable amount 
of fl uid remaining from normal testicular descent into 
the scrotum surrounds the testes. This accumulation 
of serous fl uid beneath the tunica vaginalis is normal. 
There are two types of hydroceles described 75:  

 • Communicating: Continuous communication with 
the peritoneum and abdominal ascites allows for 
observable change in size of the hydrocele. 

 • Noncommunicating: These hydroceles do not in-
crease in size and tend to be reabsorbed within 
the fi rst 9 months of life .

 Enlarging hydroceles indicate continued patency of 
the processus vaginalis, and increasing scrotal volume 
could be an indication of an inguinal hernia. Intrascro-
tal extension of meconium peritonitis may produce 
echogenic or calcifi ed intrascrotal masses (Fig. 21-34). 2  

 FEMALE 

 In the past, sonographers were unable to obtain ante-
natal imaging of the female fetal uterus, ovaries, and 
vagina. The increased detail resolution now allows im-
aging of the normal uterus in the close-to-term fetus 
(Fig. 7-1). Thus, modern imaging technology allows us 
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Figure 21-33 Urachal cysts and fi stulas. The withered allantois does not always resorb itself into a fi brous cord (the urachus, or median umbili-
cal ligament) between the bladder and umbilicus. If the urachus remains patent, fl uid can weep out of the umbilicus through a fi stula (A) or can 
be trapped as a cyst (B). The urachus also may form a sinus connection to the outside but not to the bladder (C). (From Sadler TW. Langman’s 
Essential Medical Embryology. 10th ed. Baltimore, MD: Lippincott Williams & Wilkins; 2006. Fig. 7.6C-E, p. 77).
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to image the follicular cysts that result from the infl u-
ence of maternal hormones. 8  Small follicular cysts not 
visualized on fetal examination are found in many au-
topsy specimens and are certainly a common fi nding in 
the ovaries of the neonate.6   

 Fetal ovarian cysts are noted infrequently and prob-
ably develop in response to maternal hormonal stimu-
lation, hypothyroidism, toxemia, or diabetes. 2,6  Fetal 
ovarian cysts may be unilocular or multiseptate cystic 
masses that, when enlarged, may rise out of the pelvis 
and into the abdomen. Urachal cysts, enteric duplica-
tions, or mesenteric cysts may simulate these cystic 
masses. Bilateral multiseptate cystic pelvic masses in a 
female fetus suggest an ovarian origin. 

 Cystic ovaries are not of concern in the neonate and 
are often followed clinically when there are no symp-
toms. Surgeons will operate on a neonate with a cystic 
ovary on a pedicle because of the risk of torsion. Cystic ova-
ries with hemorrhage/fl uid levels or those with contained 

clot or multiple septations that suggest torsion has already 
occurred will also be surgically treated. 3  An ovarian mass 
on a pedicle can present in a high abdominal location, 
or in varying locations on follow-up examinations, thus 
obscuring its site of origin (Fig. 21-35). 2  

 Hydrometrocolpos is the cystic dilation of the vagina 
and uterus resulting from the accumulation of fl uid and 
mucus proximal to a point of obstruction. Hydrocolpos 
is the dilation of the vagina because of GI obstruction. 
Fetal development of these conditions is rare when 
compared with the incidence at puberty. This midline 
hypoechoic mass posterior to the bladder may occa-
sionally compress the lower ureters, leading to hydro-
nephrosis. 6  When the obstruction is caused by vaginal 
atresia or a vaginal membrane, there may be associated 
GU tract abnormalities. 2  

 Associated fi ndings with both of these conditions 
may make it diffi cult to separate the two entities. Polyhy-
dramnios could be evident with ovarian cysts possibly 
due to obstruction of the small bowel. In the case of cys-
tic rupture or retrograde uterine secretions due to hydro-
colpos, ascites images in the abdomen. 6  Hydrocolpos is 
more likely to result in hydronephrosis; however, a large 
ovarian cyst may also have the same result. 6  

 SUMMARY 

 • CCAM is the most frequently found mass within the 
fetal chest .

 • To differentiate pulmonary sequestration from CCAM, 
use color Doppler to trace the origin of feeder vessels. 

 • Pulmonary hypoplasia is usually a secondary con-
dition related to oligohydramnios found with renal 
anomalies .

 • Fetal hydrops has the same sonographic appearance 
regardless of whether it is due to an immune or non-
immune condition. 

Figure 21-34 This view of the scrotum demonstrates the typical 
anechoic hydrocele appearance surrounding the testicle ( T ). (Image 
courtesy of Philips Medical Systems, Bothell, WA.)

A B
Figure 21-35 Unilocular fetal ovarian cyst on a transverse (A) and sagittal (B) plane. (Image courtesy of Philips Medical Systems, Bothell, WA.)
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 • The spleen enlarges with immune fetal hydrops and 
infections. 

 • An omphalocele has a covering, whereas the gastros-
chisis demonstrated free-fl oating bowel within the 
amniotic fl uid .

 • The umbilical cord inserts into the omphalocele and 
to the side, usually the right, of the gastroschisis .

 • Bladder exstrophy may demonstrate a mass similar 
to the omphalocele; however, this mass is inferior to 
the umbilical cord .

 • Polyhydramnios is common with GI malformations. 

 • Oligohydramnios is common with renal malforma-
tions. 

 • Midgut volvulus is the twisting of bowel around the 
blood supply .

 • The characteristic fi nding of duodenal atresias on 
both the radiograph and prenatal sonogram is called 
the double-bubble sign .

 • The meconium ilieus presents as a dilated, echogenic 
mass or structure on sonographic examination .

 • Potter sequence includes renal agenesis, ADPKD and 
ARPKD, and acquired obstructive and multicystic 
kidney disease .

 • Fetal hydronephrosis is a nonspecifi c fi nding of ob-
struction somewhere within the urinary system .

 • In the event of renal agenesis, the adrenal gland 
moves into the renal fossa .

 • Hydroceles are a common fi nding in the male fetus. 

 • Large ovarian cysts are hard to differentiate from hy-
drocolpos in the fetus .
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 1. During a routine antenatal exam for size and 
dates, the sonographer notes a soft tissue mass 
 extending from the ventral abdominal wall. 
List the differentials and defi ning sonographic 
features for each.
ANSWER: Differentials for this fi nding include an 
omphalocele, gastroschisis, and bladder exstrophy. 
The omphalocele has a membranous cover and the 
gastroschisis does not, which allows for the bowel 
to fl oat freely in the amniotic fl uid. Because of this 
contact with the fl uid, chemical peritonitis may 
occur, resulting in thickened bowel loops. Bladder 
exstrophy is not as clear-cut, as it may image as a 
solid mass, somewhat similar to the omphalocele. 
A key fi nding is the insertion of the umbilical cord. 
Using either color or power Doppler modes, local-
ize the umbilical cord in relation to the abdominal 
mass. The omphalocele has the cord inserting into 
the mass and usually into the underlying liver. In the 
case of the gastroschisis, the cord inserts to one side, 
usually the right. Finally, with bladder exstrophy, 

the umbilical cord may insert low; however, it is still 
superior to the mass.

 2. What steps would the sonographer take during an 
exam when only a single kidney is found in the 
examined fetus? Discuss other sonographic fi ndings 
you would expect with unilateral renal agenesis.
ANSWER: In the event of fi nding only one kidney, the 
sonographer would search from the pelvis to the renal 
fossa for the kidney. In the early stages of develop-
ment, the kidney forms in the pelvis and ascends into 
the renal fossa. This rise into the abdomen may cease 
at any level, resulting in a kidney anywhere along this 
path. If the kidney failed to form, the adrenal gland 
moves into the renal fossa in a position parallel to 
the spine. Other fi ndings may be normal, such as the 
amniotic fl uid levels, as the single kidney produces 
urine, helping to maintain the fl uid levels. If the fetus 
has bilateral renal agenesis or a form of urinary output 
obstruction, we fi nd oligohydramnios, head and chest 
compression, and possible limb clubbing.
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GLOSSARY

Akinetic Without motion

Arrhythmia Abnormal heart rate

Atrial septal defect (ASD) Abnormal opening between 
the right and left atrium

Atrioventricular septal defects (AVSD, aka endocar-
dial cushion defect) Partial: ASD in the lower portion 
of the atrial septal defect without a ventricular defect; 
complete: a heart with both an ASD and VSD and a 
common valve

Atrioventricular valves (AV) Valves located between 
the atrium and ventricles

Bradyarrhythmia Slow heart rate

Coarctation of the aorta Narrowing of the aorta

Dextrocardia Apex of the heart points to the right

Double-outlet right ventricle (DORV) Both great 
 arteries arise from the right ventricle with a VSD and 
pulmonary stenosis; the same process can occur with 
the left ventricle with associated AV and semilunar 
valve stenosis

Ductus venosus Connection between the umbilical 
vein and the inferior vena cava

Dyskinetic Impaired movement

Ebstein’s anomaly Displacement of the tricuspid valve 
toward the apex of the heart resulting in tricuspid steno-
sis and/or regurgitation, atrialization of the right ventricle

Endocardial cushion Subset of cells found in the 
developing heart tube that will give rise to the heart’s 
valves and septa critical to the proper formation of a 
four-chambered heart

Foramen ovale Opening between the atrium allowing 
for blood fl ow from the right to left during fetal life

Heart/thorax ratio (CTR) Calculation of the heart to 
chest size resulting in a ratio

Hypoplastic left heart syndrome (HPLHS) Underde-
velopment of the left ventricle and aorta, stenosis or 
atresia of the aortic and/or mitral valves

Hydrops, nonimmune Accumulation of fl uid in the 
chest and abdomen due to heart failure

Papillary muscles Muscular projections into the ven-
tricles that anchor the cordae tendinae of the AV valves

Premature atrial contractions (PACs) Irregular extra 
contraction of the atria out of sync with the ventricles

Rhabdomyoma Common benign tumor found in either 
ventricle

KEY TERMS

four-chamber heart | left ventricular outfl ow tract (LVOT) | right ventricular outfl ow 
tract (RVOT) | three-vessel view | ductal arch | aortic arch | arrhythmia | ventricular 
septal defect (VSD) | atrial septal defect (ASD) | atrioventricular septal defects (AVSD) | 
hypoplastic left heart syndrome (HPLHS) | right ventricular hypoplasia | tricuspid 
atresia | coarctation of the aorta | tetralogy of Fallot | Ebstein’s anomaly | transposition 
of the great arteries | truncus arteriosus | double outlet right ventricle (DORV) | 
rhabdomyoma

OBJECTIVES

Summarize the embryonic development of the heart

Explain the differences in fetal and neonatal circulation

Describe the sonographic techniques for the basic fetal echocardiographic examination

List the fi ve views used in the systematic examination of the fetal heart

Describe uses of a three-dimensional (3D) data set in imaging the fetal heart

Determine the presence of an arrhythmia from an M-mode tracing

Associate sonographic fi ndings with cardiac abnormalities

 22 Fetal Echocardiography
Marium Holland and Joan M. Mastrobattista
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 Improvement in sonographic technology has resulted 
in the evolution of a specialty focusing on the  prenatal 
diagnosis of congenital heart disease. Fetal cardiac 
 ultrasonography has evolved beyond obtaining only 
anatomic information in diagnosing congenital heart 
 disease. Today, static images as well as cine loops, 
 Doppler and 3D imaging enhance diagnostic capabili-
ties in the fetal heart. This chapter contains informa-
tion needed to perform a basic  screening sonographic 
examination of the fetal heart. 

 EMBRYOLOGY 
 The cardiovascular system, which includes the heart, 
blood vessels, and blood cells, originates from the me-
sodermal germ layer. This system is one of the fi rst to 
appear and function, with blood starting to circulate 
within the embryo by 3 weeks postconception (5 weeks 

gestational age), and cardiac motion can be observed 
with high-resolution imaging. 1  

 The heart begins as a set of paired tubular  structures 
known as the cardiogenic cords. These structures begin 
to fuse on the 22nd day of development to form the 
single heart tube. This slightly bent structure consists of 
an endocardial tube and myoepicardial mantle. 2  The ce-
phalic portion of the tube then bends right and ventrally, 
while the caudal portion bends leftward, in a dorsocra-
nial manner. This results in the formation of the atrio-
ventricular loop. As the loop develops, a single common 
atrium is formed, descending into the  pericardium along 
with the bilateral segments of the sinus venosus. The 
atrioventricular canal then forms, connecting the early 
atrium to the early ventricles (Fig. 22-1). 3  

 At approximately 27 days, the endocardial cushions 
begin to develop, separating the atria and ventricles. By 
day 33 postconception, the mitral and tricuspid valves 

ventricular hypertrophy, pulmonary obstruction due to 
valvular stenosis

Transposition of the great arteries (TGA) Congenital 
heart malformation where the aorta arises from the 
right ventricle and the pulmonary artery arises from the 
left ventricle

Tricuspid atresia Congenital absence of the tricuspid valve

Truncus arteriosus Single artery spanning the ventricles

Ventricular septal defect (VSD) A single or multiple 
defect allowing oxygenated blood from the left ventricle 
to pass into the right ventricle

Right ventricular hypoplasia (aka hypoplastic right 
heart) Underdevelopment of the right ventricle and 
hypoplasia of the tricuspid valve

Septum primum First section of the interatrial septum 
to form in the embryo

Supraventricular tachycardia (SVT) Fast irregular heart-
beat that is not ventricular in origin; may originate from 
the atria, AV node, sinoatrial node, or as a result of a con-
genital syndrome such as Wolff-Parkinson-White syndrome

Tetralogy of Fallot Cyanotic heart malformation with 
a VSD, pulmonary stenosis, overriding aorta, right 
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Left
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Right
atrium

Right
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Figure 22-1 During its early stages, the heart is a tube with an input end and an output end. The tube expands and curls up on itself to stay 
contained in the mediastinum. Expansion of the heart tube takes the form of a small atrium and a large ventricle, with a constricted area be-
tween them. These early chambers play the obvious role of receiving blood (atrium), then pumping it vigorously onward through a contraction 
of the expanded ventricular muscle. Because we are air-breathing creatures, the heart tube soon divides itself into parallel right and left cham-
bers to divert the incoming blood to the lungs before receiving it back again and pumping it through to the aorta. (Adapted from Snell RS. 
Clinical Anatomy. 7th ed. Baltimore: Lippincott Williams & Wilkins; 2003.)



 22 — Fetal Echocardiography 579

Truncus arteriosus

Left atrium

Ventricle

Right atrium

Bulbus cordis

Figure 22-2 Fetal heart during the sixth and seventh weeks of ges-
tation, demonstrating bulbus cordis, truncus arteriosus, ventricle, 
atria, and multiple aortic arches.

 The great vessels (aorta and pulmonary arteries) 
arise from the common vessel of the truncus arteri-
osus.  During the seventh week, the swellings in the 
truncus arteriousus form and twist around each other 
to form the aorticopulmonary septum. It is at this point 
that the vessels are divided into a pulmonary chan-
nel, contiguous with the right ventricle, and a systemic 
(aortic) channel, contiguous with the left ventricle. 
The pulmonic and aortic valves form at this time, as 
well (Fig. 22-3). 2,3  

 The aortic and pulmonary arches themselves arise 
from a series of primitive aortic arches, which occur 
between 19 and 30 days postconception. The fi rst 
two sets of aortic arches form and disappear without 
continuing as permanent structures. The third pair of 
aortic arches become the internal carotid arteries, and 
the fourth pair develop into the defi nitive aorta (left) 
and right subclavian artery. The fi fth pair are vestigial 
and do not fully develop. The sixth and last pair of 
arches become the right and left pulmonary arteries 
(Fig. 22-4). 2,3  

 CIRCULATION 
 By the beginning of the eighth week of gestation, the 
embryonic heart has completed its formation, and pla-
cental circulation has begun. Oxygenated blood enters 
the fetus’s circulation from the placenta through the 
umbilical vein and travels to the hepatic circulation 
and the left portal vein. The majority of the blood from 
the umbilical vein is shunted into the ductus venosus, 
which bypasses the hepatic circulation and enters the 
inferior vena cava (IVC). The remainder of the blood 
fl ows through the hepatic circulation prior to entering 
the IVC through the hepatic veins. 1  

Future
pulmonary
trunk

Future
aorta

Truncoconal
septae

Right
ventricle

Left
ventricle

Right
atrioventricular
canal

Left
atrioventricular
canal

Figure 22-3 The outfl ow path from the heart also septates. Unlike the other cardiac septa, the septum that continues into the outfl ow tube 
spirals, which explains why the adult aorta appears to arise behind the pulmonary trunk but then arch forward, over it, and then behind it again. 
(From Sadler T. Langman’s Medical Embryology. 9th ed. Image Bank. Baltimore: Lippincott Williams & Wilkins; 2003.)

are formed, resulting from the ingrowths of the cush-
ions. Concurrently, the ventricular septum begins to 
form as the primitive ventricles begin to dilate, causing 
the fusion of their medial walls. This process starts at 
the apex of the heart, with the muscular portion of the 
septum forming fi rst, followed by the membranous por-
tion. The septum primum also forms between the 25th 
and 28th day postconception, causing an initial divi-
sion between the right and left portions of the atrium. 
Finally, the septum secundum is formed, though the 
foramen ovale remains to allow the right to left shunt-
ing until birth (Fig. 22-2). 3  
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Figure 22-4 A: Aortic arches and dorsal aorta before transformation into the defi nitive vascular pattern. B: Aortic arches and dorsal aorta after 
the transformation. Broken lines, obliterated components. Note the patent ductus arteriosus and position of the seventh intersegmental artery 
on the left. C: The great arteries in the adult. Compare the distance between the place of origin of the left common carotid artery and the left 
subclavian in B and C. After disappearance of the distal part of the sixth aortic arch (the fi fth arches never form completely), the right recurrent 
laryngeal nerve hooks around the right subclavian artery. On the left the nerve remains in place and hooks around the ligamentum arteriosum.

PATHOLOGY BOX 22-1

Embryology of the Heart2,3,4,92

Structure/Function Development Day Carnegie Stage

Cardiogenic cord fusion,  contractions begin, heart has an 
“S” shape

19–23 Form in stage 9 and fuse in stage 10

Aortic and pulmonary arches 19–30 9–13
Endocardial cushions, septum primum 25–27 12–13
Mitral and tricuspid valves, right and left ventricles, conus 

cords, trucus arteriousus
31–35 14; but may start as early as stage 12

Aortic and pulmonary channel  separation 37–42 Begins at stage 16,  completing in 
 stage 18

Four-chamber heart 42–44 17
Majority of heart development ends 54–56 22
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 From the IVC, the blood enters the right atrium, 
where oxygenated blood is directed by the eusta-
chian valve through the foramen ovale into the left 
atrium. The remainder, along with blood returning 
from the superior vena cava, passes through the tri-
cuspid valve and enters the right ventricle. From the 
right ventricle, it passes through the semilunar pul-
monic valve and into the pulmonary artery. As the 
fetus receives oxygenated blood from the maternal 
circulation, the majority of the blood that enters the 
pulmonary artery is diverted through the ductus ar-
teriosus into the aorta and systemic circulation. The 
portion that continues through the pulmonary circu-
lation is deposited into the left atrium by one of the 
four pulmonary veins. 1  

 Blood in the left atrium, both that returning from 
the pulmonary circulation and that shunted through 
the foramen ovale, then travels through the mitral valve 
into the left ventricle. The contractions of the left ven-
tricle then propel the blood through the aortic valve 
into the aorta. The more highly oxygenated portion of 
blood is shunted mainly to the cranial portion of the 
fetus via the brachiocephalic (subclavian and carotid) 
arteries arising from the proximal portion of the aortic 
arch. The remainder perfuses the distal portion of the 
fetus through the abdominal aorta and then returns to 
the placental circulation through the umbilical arteries 
(Fig. 22-5). 1  

 SONOGRAPHIC TECHNIQUES AND 
BASIC ANATOMY 
 TIMING 

 Current suggestions are that the fetal cardiac exam 
be performed between 18 and 22 weeks of gestation. 1  
However, the heart is still quite small at these gestation-
al ages, and factors such as patient body habitus and fe-
tal position may make it diffi cult to achieve a thorough 
exam. As the gestation progresses, there is increased 
attenuation due to the increasingly calcifi ed fetal skull, 
ribs, spine, and limbs, which makes the examination 
increasingly diffi cult, despite the larger anatomy. 5  Ex-
aminations prior to 18 weeks, even if incomplete, may 
be of use in patients at extremely high risk of congeni-
tal heart disease to assess for major structural disease. 
However, several types of cardiac disease may not be 
recognized until later in gestation, and follow-up ex-
aminations should recommended. 6  

 EQUIPMENT 

 Fetal echocardiography requires high- resolution equip-
ment, with transducer frequencies ranging from 5 to 
7 megahertz (MHz). The optimal frequency depends on 
factors such as gestational age and maternal body habi-
tus. M-mode and Doppler (pulsed and color) and, in-
creasingly, 3D capabilities should be available, as these 

Figure 22-5 Fetal circulation: A: during pregnancy, oxygen diffuses from the maternal circulation to the fetal circulation in the placenta; oxy-
genated blood (red) returns to fetus through umbilical vein; (B) after birth, umbilical cord is cut and blood is oxygenated as it passes through 
the lungs. RA, right atrium; LA, left atrium; LV, left ventricle; RV, right ventricle.
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techniques allow for physiologic assessment of poten-
tial problems such as arrhythmias (M-mode) or septal 
defects and other anatomic malformations ( Doppler). 5,8  

 BASIC SONOGRAPHIC EVALUATION 

 The initial step in any examination should be the estab-
lishment of fetal presentation (breech, cephalic, trans-
verse) and correct identifi cation of the right and left 
sides of the fetus. Once fetal position is determined, 
the location and orientation of the heart can be evalu-
ated. 5  In a cross-sectional view of the fetal chest, the 
heart should occupy the majority of the left side of 
the fetal chest with the apex pointing to the left. The 
normal angle of the heart should be 45 degrees to the 
left of midline, plus or minus 20 degrees. This orienta-
tion, called levocardia, should result in the left atrium 
 located closest to the fetal spine, and the right ventricu-
lar wall closest to the anterior chest wall (Fig. 22-6). 1,9  
While it is tempting to determine that the heart is on 
the “left” side of the fetal chest by examining other 
structures that should be on the left or right sides of the 
fetus (such as the stomach and the liver), this can lead 
to missed diagnoses as disorders of situs. 

 Levocardia is the normal position of the fetal heart. 
There are three abnormal positions of the fetal heart: 
dextrocardia, dextroposition, and mesocardia. Dextro-
cardia occurs when the heart is located in the right side 
of the chest with the apex also pointing to the right. 
Dextroposition refers to the heart being located in the 
right side of the chest but with the apex pointing to 
the left. In mesocardia, the heart is located in the mid-
dle portion of the chest with the apex pointing along 
the midline. Dextroposition and mesocardia are most 

Figure 22-6 Echocardiogram of the normal fetal heart in a four-
chamber view demonstrating the position of the heart and the car-
diac chambers in a cross-section of the chest. A, anterior; L, left; LA, 
left atrium; LV, left ventricle; P, posterior; R, right; RA, right atrium; 
RV, right ventricle; arrow denotes the spine.

Figure 22-7 Coronal section of a fetal MRI of a 24-week fetus with 
a large left lung mass (bronchopulmonary sequestration). The left 
diaphragm is fl attened and there is moderate dextroposition of the 
heart. A large vessel is seen coming from the low thoracic aorta 
 (arrow). The congenital cystic adenomatoid malformation volume 
 ratio (CVR) was 1.96; however, hydrops did not develop and the baby 
“grew around” the mass.

commonly the result of a mass lesion in the left chest 
(Figs. 22-7 and 22-8). 9  

 HEART VIEWS 

 Obstetrical ultrasound guidelines, both from the Amer-
ican Institute of Ultrasound in Medicine (AIUM) and 
American College of Obstetrics and Gynecology, include 
the four-chamber view as a standard part of any obstet-
rical evaluation. 5  A four-chamber view is the fi rst view 
obtained when beginning the fetal echocardiographic 
evaluation. Two types of four-chamber views can be 
obtained, the apical view and the subcostal view. 

 The apical four-chamber view is obtained from a 
transverse image of the fetal chest, with the apex of the 
heart pointing either directly toward or directly away 
from the transducer. The ventricular and apical septa 
should be parallel to the transducer (Fig. 22-9). This 
view allows examination and evaluation of the: 

   • Right and left atria, which should be of approxi-
mately equal size. The left atrium is closest to the 
fetal spine, with the right located anteriorly 

 • Right and left ventricles, with the right ventricle 
appearing slightly larger than the left. This discrep-
ancy is more pronounced later in gestational ages. 
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seen in the thin, membranous portion of the sep-
tum, causing the appearance of a septal defect. 11  If 
a defect is seen in this view, additional views of the 
ventricular septum should be obtained. The atrial 
septum should contain the normal opening of the 
foramen ovale. The foraminal fl ap should be visual-
ized opening into the left atrium 

 • Two superior pulmonary veins should be seen en-
tering into the left atrium. 1,12  

 The subcostal four-chamber view is obtained by an-
gling the transducer slightly cephalad from the apical 
view. As with the apical four-chamber view, the size 
and position of the atria and ventricles can be evalu-
ated, as can the position of the tricuspid and mitral 
valves. This view is better for establishing the continu-
ity of the interventricular septum, as the septum is no 
longer exactly parallel to the transducer, resulting in a 
thicker appearance to the septum and decreased signal 
dropout in the membranous portion. 11  Also, the subcos-
tal view is typically used for M-mode views of the ven-
tricles and Doppler interrogation of the AV valves. 1,13  

 The outfl ow tracts are next evaluated. Long-axis 
views of the aorta can be obtained by angling the trans-
ducer toward the fetal right shoulder from the four-
chamber view. This view should enable the examiner 
to confi rm the continuity of the anterior wall of the 
aorta with the interventricular septum and the poste-
rior wall of the aorta with the anterior leafl et of the 
mitral valve. If a ventricular septal defect is present, it 
should appear as a break in the continuity of the inter-
ventricular septum. The long-axis view of the pulmo-
nary artery, or right ventricular outfl ow tract (RVOT), 
can be seen by angling the transducer further toward 
the fetal right shoulder while in the left ventricular out-
fl ow view (LVOT) (Fig. 22-10). Normally, the pulmo-
nary artery courses cephalad, left and posterior from 
the right ventricle. Changing the transducer angulation 

The right ventricle is located closest to the anterior 
chest wall, and contains the thick muscular mod-
erator band, which runs from the interventricular 
septum to the free wall of the right ventricle 10  

 • Mitral and tricuspid valves (atrioventricular 
valves) are located between the atria and the ven-
tricles. The septal tricuspid leafl et inserts more 
apically than that of the mitral valve, giving the 
valves a slightly offset appearance 

 • Interventricular septum and interatrial septum are 
located between the atria and ventricles respectively. 
The ventricular septum should appear  continuous, 
without any disruption. However, as the septum is 
parallel to the transducer beam,  dropout may be 

Figure 22-8 The heart is displaced from a more central position by 
the cystic adenomatoid malformation in the right side of the chest, 
but the normal 45-degree axis of the heart is preserved. The line from 
the fetal spine to the sternum normally should pass through the atria.

Figure 22-9 A sector image of the apical four-chamber view  bisects 
the heart on a plane extending from the left hip to right shoulder of the 
fetus. In this image, the fetal head would be toward the  sonographer 
with the feet away. The diagram and sonogram of the four-chamber 
heart illustrates anatomic position in relation to the fetal spine. (Image 
courtesy of Philips Medical Systems, Bothell, WA.)

Figure 22-10 Sonogram demonstrating the LVOT of the fetal heart. 
LA, left atrium; AoV, aortic valve seen within the aortic root; LV, left 
ventricle; RV, right ventricle.
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the short-axis view of the great vessels (Fig.  22-12). 
Here, the aorta appears as a central circular  structure 
encircled by the surrounding pulmonary  artery. The 
aortic, pulmonary, and tricuspid valves are well visu-
alized in this view, and the size of the aorta and pul-
monary artery can be directly compared. The main 
pulmonary artery can be seen dividing into the right 
pulmonary artery and the ductus arteriosus as well. 

 Next, the aortic arch can be visualized by angling the 
transducer from the left shoulder to the right  hemithorax 
while in a longitudinal view of the fetus (Fig. 22-13). 
Distinction between the aortic arch and the more caudal 
ductal arch is possible by identifi cation of the head and 
neck vessels (brachiocephalic, left common carotid, and 
left subclavian artery), which arise from the superior 

and switching back and forth between the right and left 
long-axis outfl ow tract, views should show the aorta 
crossing anteriorly to the pulmonary artery. This con-
fi rms the normal orientation of the great vessels. 

 Continuing from the long-axis view of the pulmonary 
artery, further movement of the transducer to the right 
produces a sagittal view of the fetal chest and gives a 
short-axis view of the ventricles (Fig. 22-11). The modera-
tor band should differentiate the right and left  ventricles. 
This view can be used to measure the ventricular thick-
ness and chamber size. Scanning up and down in this 
view along the interventricular septum may aid in the 
identifi cation of ventricular septal defects. 

 In the short axis ventricular view, the transducer can 
be angled slightly toward the fetal left shoulder to give 

Figure 22-11 This short-axis of the ventricles is taken to the left of 
midline. The papillary muscles image as circular structures within 
the left ventricle. The hypoechoic diaphragm separates the chest 
and  abdominal contents. This fetus is in a prone position with the 
head to the right of the image. RV, right ventricle; LV, left ventri-
cle; Stom,  stomach. (Image courtesy of Philips Medical Systems, 
 Bothell, WA.)

Figure 22-12 Sonogram of the short axis view at the base of the 
heart often called the right ventricular outfl ow tract. The  circular 
 aorta  demonstrates the valves and is at right angles to the  pulmonary 
 artery, an important relationship in this view. The tricuspid valve 
 images  between the RV and RA. PA, pulmonary artery; RV, right ven-
tricle; RA, right  atrium. (Image courtesy of Philips Medical  Systems, 
Bothell, WA.)

A B
Figure 22-13 A: This fetus is in a prone position. Note the fetal aortic arch with the brachiocephalic or innominate (Br), left common carotid 
(LCCA), and left subclavian artery (LSc). DAo, descending aorta. B: Color Doppler image of the aortic arch with branches. This fetus is in a face 
up, prone position which allows for optimal imaging of heart structures. (Images courtesy of Philips Medical Systems, Bothell, WA.) 
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artery, and superior vena cava (Fig. 22-15). To obtain 
this view, the apical four-chamber view is obtained, 
and the transducer is moved cephalad. From midline to 
lateral, the structures should be the superior vena cava, 
the aorta, and the pulmonary artery. The pulmonary 
artery appears somewhat elongated compared to the 
aorta and SVC, as it is being imaged at the  level of the 
ductus arteriosus. 15  As with the short-axis view, direct 
side-by-side comparison can be made of the relative 
size of the aorta and pulmonary artery. Also, Doppler 

aspect. Color Doppler may aid in the identifi cation of 
these vessels. The arch is commonly said to have a 
“candy cane” appearance, in contrast to the more fl at-
tened “hockey stick” appearance of the ductal arch. 1,14  
The ductal arch is seen by remaining in the longitudinal 
view, but rotating back to a straighter anterior-posterior 
view. It consists of the pulmonary artery, ductus arterio-
sus, and descending aorta (Fig. 22-14). 

 Finally, the three-vessel view may be useful in eval-
uating the size and location of the aorta, pulmonary 

A B
Figure 22-14 A: Sonogram of the ductal arch demonstrating the ductus arteriosus entering the descending aorta. The arrowhead indicates the 
ductus arteriosus insertion in the descending aorta. MPA, main pulmonary artery; DA, ductus arteriosus; DAO, descending arrow. B: Color Dop-
pler image highlights the lack of branches from the aorta differentiating the ductal arch from the aortic arch. The aliasing of the color fl ow (arrow) 
in the DA is the result of normal fl ow changes due to the curvature of the vessel. (Images courtesy of Philips Medical Systems, Bothell, WA.)

PATHOLOGY BOX 22-2

Basic Protocol for 2D Fetal Echo imaging.1,10,31,32

 Normal Abnormal

Upper abdomen 
 with stomach

Check position of the aorta, spine, left sided stomach, IVC, 
 and umbilical vein

Stomach or liver in abnormal position, 
  polysplenia, aorta/IVC on same side, 

IVC interruption
Four-chamber Check that the apex points 45 � 20 degrees toward the 

  stomach (left), heart fi lls approximately 1/3 of chest 
 cavity, IVS, IAS, equal chamber size, CTR, foramen 
ovale fl ap opens into the LA, moderator band in the RV, 
thoracic aorta to the left of the spine, two atrioventricu-
lar valves,  pulmonary veins entering the atria, papillary 
muscles in the LV, systolic function of the chambers

Incorrect heart position or axis, large heart, 
  unequal chamber sizes,  ventricular or 

atrial septal defects,  apical displacement 
of the tricuspid valve, abnormal chamber 
or vessel connections

LVOT Check the aorta and LV size, observe aortic valve 
  movement, partial RV, descending aorta posterior to 

the LA, IVS and AoV continuity, Ao root and LA size 
 approximately equal, aorta arising from the LV

Abnormal ventricular and vessel 
  connections, VSD, aorta or pulmonary 

trunk overriding the IVS, abnormal size 
of ventricles or vessels

RVOT Check aorta and main pulmonary arteries at right angles, 
  three valve cusps in the aorta, pulmonary valve 

 leafl ets, PA originating from the RVOT, LA, descending 
aorta posterior to the LA

Outlet septum VSD, RVOT or aortic valve 
 small/narrowed

3 Vessel Check that the ductal and transverse aorta course in a 
  “V” confi guration, SVC at right angles to the aorta, 

PA and Ao to the left of the trachea, great vessel 
size approximately equal, color Doppler confi rms 
 same-direction fl ow

Enlarged vessels, differences in  vessel 
  sizes, unexpected  vessel alignment, 

 arrangement, or  number, right-sided 
aorta, abnormal  pulmonary artery 
course or origin, absent or small thymus
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PATHOLOGY BOX 22-2 (continued)

Basic Protocol for 2D Fetal Echo imaging.1,10,31,32

Basic views of the fetal heart. 1 - RVOT; 2 - Short axis of the ventricles; 3 - Ductal arch; 4 - LVOT; 5 - Four chamber; 6 - Upper abdomen. 

PATHOLOGY BOX 22-3

Intracardiac Doppler Velocities (cm/sec) in the Normal Fetus

Parameter Aorta Main Pulmonary Artery Mitral Valve Tricuspid Valve

Maximum velocity 70 � 3 60 � 4 47 � 4 51 � 4
Mean velocity 18 � 2 16 � 2 11 � 1 12 � 1
(Modifi ed from Reed KL, Meijboom EJ, Sahn DJ, et al. Cardiac Doppler fl ow velocities in human fetuses. 
 Circulation. 1986; 73:41–46.)
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Figure 22-16 An example of the 
sequential display of a STIC acqui-
sition. The MPR image labeled 3 
indicated the slice location. ( Image 
courtesy of Philips Medical  Systems, 
Bothell, WA.)

interrogation can be used in this view to confi rm the 
proper directionality of blood fl ow in each vessel. 

 3D IMAGING AND THE FETAL HEART 

 A detailed explanation of the use of 3D and four- 
dimensional (4D) imaging on the fetal heart is beyond 
the scope of this chapter; however, a brief overview 
of available technology follows. One method, spatio-
temporal image correlation (STIC), is an automated 
method of obtaining data. A discussion of STIC and the 
methods of the 3D data set acquisition and display can 
be found in Chapter 32. 

 The 3D data set allows for manipulation of the im-
ages displayed. Reconstruction of a sequential parallel 

display of two-dimensional (2D) images, similar to the 
CT or MRI display, is called tomographic ultrasound 
imaging (Fig. 22-16). 1,15  Matrix transducers allow for 
simultaneous imaging of the fetal heart on two planes 
(Fig. 32-9b). 18  

 Postprocessing of the STIC black-and-white voxels al-
lows for the display of the internal contours of the heart 
chambers and vessels. 16  Inversion mode (IM) is a process 
of analyzing tissue echogenicity and fl uid areas within 
the volume. The reverse display of the white tissue and 
black, or color, results in a rendering of the chambers or 
fl ow. This method allows for display of both a volume 
of the chambers or display of the color fl ow within the 
chambers 15  and gives the user the ability to rotate the 
heart to view all areas (Figs. 22-17 to 22-19). 17  

Figure 22-15 The axial color Doppler three-vessel view aids in evalu-
ation of the pulmonary artery and aorta. To the right of the aorta, the 
superior vena cava (star) images as a circular structure. (Images courtesy 
of Philips Medical Systems, Bothell, WA.)

Figure 22-17 Postprocessing of MPR images 1, 2, and 3 removes 
the gray-scale data and inverts the anechoic chambers and ductal 
arch to create the IM image in the volume area. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)
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Figure 22-19 A: An IM image of the great vessels demonstrating the criss-cross pattern of normal vessels. B: Color invert image of the same 
anatomy. (Image courtesy of Philips Medical Systems, Bothell, WA.)

A B

Figure 22-18 Color invert works on the same principle as gray scale; 
however, the color data helps to create the inverted image of the 
LVOT. (Image courtesy of Philips Medical Systems, Bothell, WA.)

 Other methods of obtaining cardiac measurements 
include the use of stacked contours or VOCAL to obtain 
a volume of the fetal chambers (Fig. 22-20). 15,16  

 THE ABNORMAL FETAL HEART 
 ARRHYTHMIAS 

 Fetal cardiac arrhythmias complicate up to 3% of preg-
nancies. 19  While the majority of arrhythmias are not 
clinically signifi cant, sustained tachyarrhythmias or 
bradyarrhythmias can both have severe clinical conse-
quences. Fetal heart rates greater than 180 beats per 
minute are referred to as tachyarrhythmias and those 
less than 100 beats per minute are bradyarrhythmias. 20  
It is important to note, however, that the most com-
monly diagnosed arrhythmia, premature atrial contrac-
tions, are generally benign—though in 1% to 2% of 

cases they can be associated with an underlying struc-
tural defect (Fig. 22-21). 21  

 Arrhythmias are best assessed using M-Mode or mo-
tion mode imaging. Its high resolution and ability to 
correlate atrial and ventricular movements temporally 
allow for precise determination of the mechanics of a 
particular rhythm. M-mode imaging is performed by 
placing the cursor through one of the atria and one of the 
ventricles while in a four-chamber view. Alternatively, 
the short-axis view may be used, with the cursor placed 
between the left atrium and the aorta (Fig.  22-22). 

 Premature Atrial Contractions 
 Premature atrial contractions (PACs) are easily iden-
tifi ed with M-mode (Fig. 22-23). The PAC may either 
be conducted or nonconducted. For impulses that are 
not conducted, an isolated defl ection of the atrial wall 
is visualized without subsequent ventricular contrac-
tion, as the impulse was blocked by the AV note ( image 
PAC nonconducted). For conducted PACs, a ventricular 
contraction follows the atrial contraction, but with a 
subsequent pause in the rhythm as the sinus node re-
sets. Such PACs become clinically important when they 
occur in such timing as to cause entry into a sustained 
tachycardia. This appears to occur in approximately 2% 
to 3% of cases with frequent PACs. 22  Multiple blocked 
atrial beats with a slow ventricular rate are at higher 
risk for progression. 21  The presence of complex ectopy 
(couplets or triplets) also increases the risk. 1  

 Tachyarrhythmias 
 Supraventricular tachycardia (SVT) is diagnosed when 
the heart rate is between 180 and 300 beats per minute 
with a 1:1 relationship on M-mode between the atrial 
and ventricular beats (image SVT). Atrial fl utter is de-
fi ned as an atrial rate between 300 and 400 beats, with 
dropped atrial beats at a set rate (image fl utter). For 
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Figure 22-20 Demonstration of 
the auto stacked contours method 
of obtaining a left ventricular vol-
ume. In frame 1, the left ventricle 
length begins as a basis for the 
tracing. Plane 2 provides the cross-
sectional measurements of the ven-
tricle, which appear as the dotted 
lines perpendicular to the long axis 
on frame 1. (Image courtesy of Phil-
ips Medical Systems, Bothell, WA.)

Figure 22-21 Embryonic heart rates. (From Cyr DR. Embryosonography. Presented at the 37th annual convention of the 
American Institute of Ultrasound in Medicine. Honolulu, Hawaii, 1993.)
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example, in 2:1 fl utter, two atrial beats occur for each 
ventricular rate. Thus, for an atrial rate of 300, the ven-
tricular rate would be 150. Atrial fi brillation is extremely 
rare but would be seen with an atrial rate of greater than 
400 without a set conduction pattern (Fig. 22-24). 22  

 SVT is associated with structural cardiac lesions in 
up to 10% of cases, making detailed cardiac exami-
nation extremely important. 21  In the fetus without a 
structural lesion, restoration of a normal rate can be 
attempted using maternal medications. Common drugs 
used for this purpose in SVT include digoxin, amio-
darone, fl ecainide, and sotalol. However, these drugs 
have signifi cant side effects and must be administered 
carefully with maternal cardiac monitoring. For atrial 

fl utter, digoxin and sotalol are considered the agents of 
choice. 1,19,23  Fetuses that do not respond to medication 
are at risk for development of high-output heart failure 
and fetal nonimmune hydrops. 

 Bradyarrhythmias 
 Bradycardia is diagnosed when the heart rate is sus-
tained below 100 beats per minute. The chief concern 
with bradycardias is that a type of heart block may be 
present. In its most severe form, complete heart block 
shows complete dissociation between the atrial and 
ventricular rates. Thus, the atrial rate will be normal 
(120 to 180 beats per minute) but there is a complete 
lack of conduction, leaving the ventricles to beat at 
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 SEPTAL DEFECTS 

 Ventricular Septal Defects 
 Isolated ventricular septal defects (VSD) are the most 
common cardiac malformations, accounting for ap-
proximately 30% of cardiac abnormalities present in 
live births, with an incidence of 1% to 2%. 1  While the 
majority of VSDs occur in isolation, they also occur in 
complex cardiac lesions and in the setting of chromo-
somal disorders (40%). 1  Therefore, identifi cation of 
VSD should trigger a detailed study to detect the pres-
ence of other, extracardiac, anomalies. 

 The interventricular septum functions to separate 
the right ventricular and left ventricular chambers 
and consists of both muscular and membranous por-
tions. Presence of a defect in this region of the heart 
allows direct communication between the right and left 
ventricles. Defects can occur in either section of the 
septum, with membranous/perimembranous defects 
accounting for approximately 75% of VSDs. 26  Perimem-
branous lesions are particularly common in the setting 
of malalignment disorders, such as tetralogy of Fallot, 
in which the membranous defect allows both ventricles 
to empty into the aorta. 27  

 Defects occurring in the muscular portion of the 
septum may occur as inlet, outlet, trabecular, or api-
cal defects. Inlet defects affect the portion of the sep-
tum extending from the tricuspid valve leafl ets; one 
example of this type of lesion is the ventricular portion 
of an atrioventricular septal defect. Outlet, subarterial, 
or conal defects occur in the most superior portion of 
the septum, close to the aortic and pulmonary valves, 
whereas trabecular defects are found in the midportion 
of the septum and are also referred to as midmuscular 
or central defects. Finally, apical defects are those that 
occur close to the apex of the heart, past the insertion 
point of the moderator band (Fig. 22-25C). 27  

their inherent rate of around 70 beats per minute. Com-
plete atrioventricular block is associated with the devel-
opment of nonimmune hydrops and, depending on the 
gestational age, may necessitate delivery and external 
pacing of the affected fetus. 

 When bradyarrhythmia is noted, therefore, it is im-
portant to perform M-mode echocardiography. Careful 
examination of the atrial and ventricular rates allows 
differentiation of blocked PACs resulting in a brady-
arrhythmia (most common in atrial bigeminy) versus 
complete heart block. Complete heart block in neonates 
is associated with either structural abnormalities such 
as congenitally corrected transposition of the great ves-
sels or heterotaxy. In utero complete heart block may 
be seen with maternal autoimmune disease such as 
Sjögren’s syndrome and the presence of elevated anti-
Ro and anti-La antibodies. 24,25  

Figure 22-24 Duplex M-mode demonstrating a fetus with supra-
ventricular tachycardia. The M-line is traversing the left (LV ) and the 
right atrium (RA). On the M-mode, the arrows defi ne a 1-second du-
ration. (Image courtesy of University of Colorado Hospital.)

Figure 22-23 Duplex M-mode with M-line traversing the right 
atrium (RA) and left atrium (LA) in a fetus with premature atrial con-
tractions. Arrowheads demonstrate normal atrial contractions and 
arrows depict the premature atrial beat. Images courtesy of  Pamela 
M. Foy BS RDMS.

( Figure 22-22 A normal M-mode tracing obtained thorough the 
 aortic root.)
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 In most cases, the four-chamber view is utilized for 
prenatal diagnosis of a VSD (Fig. 22-26). The highest 
resolution is generally achieved by use of a high-fre-
quency transducer (5 to 7.5 MHz) with the direction of 
the beam perpendicular to the septum in the subcostal 
four-chamber view. A VSD appears as a dark, hypolu-
cent area in the septum. A true VSD should be dem-
onstrated in more than one plane, as the transducer 

is moved from the anterior to posterior aspects of the 
heart. 28,29  The “T sign” has been shown to be of as-
sistance in differentiating true VSDs from signal drop-
out. In the “T sign,” the anechoic area is bordered by 
a sharply defi ned hyperechoic portion of the septum. 30  

 While the four-chamber view may be effective for 
the identifi cation of inlet and trabecular defects, better 
views of the complete sweep of the interventricular 
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Figure 22-25 Congenital heart defects. A: Normal fetal heart showing the foramen ovale and ductus arteriosus. B: Persistence of the foramen 
ovale results in an atrial septal defect. C: Persistence of the ductus arteriosus (patent ductus arteriosus) forces blood back into the pulmonary 
artery. D: A ventricular septal defect. E: Coarctation of the aorta restricts outward blood fl ow in the aorta. F: Tetralogy of Fallot. This involves 
a VSD, dextroposition of the aorta, right ventricular outfl ow obstruction, and right ventricular hypertrophy. Blood is shunted from right to left. 
G: Endocardial cushion defects. Blood fl ows between the chambers of the heart. H: Transposition of the great vessels. The pulmonary artery is 
attached to the left side of the heart and the aorta to the right side. I: Patent ductus arteriosus. The high-pressure blood of the aorta is shunted 
back to the pulmonary artery.
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septum may be achieved by using long-axis views of 
the left and right ventricular outfl ow tracts and the 
short-axis biventricular view. Additionally, techniques 
such as in-plane viewing of the septum and the use of 
both color and pulsed Doppler may be of benefi t. To 
achieve the “in-plane” view of the septum, the trans-
ducer is turned perpendicular from the long-axis view 
of the left ventricle, creating an anterior- posterior 
view of the septum. 1  Although the use of Doppler may 
be of benefi t, it cannot demonstrate fl ow in all cases, 
as there is relatively equal pressure present between 
the right and left ventricle in the fetal heart as a result 
of the foramen ovale and patent ductus arteriosus. If 
color fl ow is used, the velocity scale should be set 
to identify low fl ow (Fig. 22-27). 36  Finally, fl ow seen 
only in the membranous portion of the septum (while 
in a 4-chamber view) is likely due to artifact, and 

Figure 22-26 A four-chamber view demonstrating a large VSD 
 (arrowhead).(Image courtesy of Philips Medical Systems,  Bothell, WA.)

Figure 22-27 Color Doppler of a VSD demonstrates blood crossing from left to right through an interventricular septal defect (arrow). (Images 
courtesy of Pamela M. Foy BS RDMS.)

A B

confi rmation of the presence of a VSD needs to be 
obtained in other views. 

 Detection of VSDs has increased substantially in re-
cent years. However, there are still substantial rates of 
missed diagnoses, with rates of 35% to 70% in some 
series examining diagnosis of isolated VSDs. 37,38  Current 
resolution limits of 1 to 2 millimeters (mm) still prevent 
the identifi cation of small lesions. 34  

 Atrial Septal Defects 
 Occurring in approximately 1 in 1,500 live births, 39  
atrial septal defects (ASDs) account for approximately 
7% of cardiac lesions. 40  They are the fi fth most com-
mon congenital cardiac anomaly. As with the ventricu-
lar septum, the atrial septum is a musculomembranous 
structure that divides the right and left atrium. ASDs 
are classifi ed based on their location. 

 The most common type of ASD is the ostium secun-
dum defect, which accounts for close to 80% of cases. 
Ostium primum defects are the second most common 
type and usually occur as part of a complex anomaly 
such as an atrioventricular defect. Sinus venous ASDs 
involve a defect adjacent to either the superior or infe-
rior vena cava. This defect then allows blood from the 
SVC or IVC to pass through the defect, causing a right 
to left shunt. Finally, in rare cases, an ASD may be pres-
ent at the ostium of the coronary sinus. 41  

 As with ventricular defects, most ASDs are best seen 
utilizing the four-chamber subcostal view; however, 
the diagnosis can be confused by the presence of the 
normal patent foramen ovale. In this view, the ostium 
secundum ASD appears as an unusually large anechoic 
area in the septum secundum close to the foramen ova-
le. Alternatively, when observing the closure of the fo-
ramen ovale, it may be noted that the fl ap insuffi ciently 
covers the foramen. 
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syndromes such as Holt-Oram. 43  Thus, any diagnosis 
of ASD should trigger both an echocardiogram and de-
tailed anatomy scan to identify concurrent extracardiac 
anomalies. 

 Atrioventricular Septal Defects 
 Atrioventricular septal defects (AVSD) encompass a 
range of cardiac malformations involving a combina-
tion of malformations of the interatrial septum (ostium 
primum ASD), interventricular septum (VSD), and the 
atrioventricular (tricuspid and mitral) valves. Also re-
ferred to as AV canal or endocardial cushion defects, 
AVSDs occur when the endocardial cushions of the 
heart fail to fuse properly. Accounting for approximate-
ly 3% of congenital heart diseases, 44,45  AVSDs are as-
sociated with a variety of syndromes and chromosomal 
abnormalities, including all three major trisomies (45% 
of heart lesions in trisomy 21 are AVSDs). 46  AVSDs can 
be classifi ed into complete, intermediate, or partial 
 defects. 

 Complete AVSDs consist of a large septal defect with 
both atrial and ventricular defects, and a common AV 
valve that connects both atria to the ventricles. The 
common AV valve consists of fi ve leafl ets. The antero-
superior and posteroinferior leafl ets bridge the septal 
defects, and three lateral leafl ets. Complete AV canals 
may be further subdivided on the basis of their chordal 
insertions (Fig. 22-25G). 47,48  

 In partial AVSD, the mitral and tricuspid openings 
are separate, and the following fi ndings are seen: 
(1) primum ASD, (2) VSD, (3) cleft anterior mitral leaf-
let, and (4) cleft septal tricuspid leafl et. Here, despite 
the presence of two separate valvular openings, the 
mitral and triscupid valves still appear to insert at the 
same level. 47,48  

 The least common form of AVSD is the intermediate 
type. Here, the overall architecture is similar to that in 
a complete AVSD. However, the septal bridging leafl ets 
are fused in an anteroposterior fashion. This results in 
division of the common valve into separate mitral and 
tricuspid orifi ces. 47,48  

 Most AVSDs are large defects that are easily recog-
nized in a subcostal or apical four-chamber view of the 
heart. In these views, a complete AVSD appears as a 
large, anechoic area encompassing the lower portion 
(primum) of the atrial septum, the upper portion of the 
ventricular septum, and the normal location of the mi-
tral and tricuspid valves. As the transducer is moved 
back and forth in an anterior-posterior direction, the 
combined bridging leafl ets of the common valve should 
come into view. These appear atypical on real-time so-
nographic evaluation both through the lack of the usual 
offset between the tricuspid and mitral valves and be-
cause of the fact that the valve motion is identical and 
continuous in both the right and left ventricles. Utili-
zation of color Doppler confi rms the communication 
among all cardiac chambers (Fig. 22-29). 

 For the ostium primum ASD, the lower portion of 
the atrial septum immediately superior to the atrioven-
tricular valves is absent. In some cases, a small area 
of thickened septum may be detected adjacent to the 
defect. In the normal fetal heart, the septal leafl et of the 
tricuspid valve inserts more apically than that of the an-
terior mitral valve leafl et. However, this offset is not ap-
parent in an ostium primum defect; the leafl ets appear 
to insert at the same level in an ostium primum defect. 
This same sonographic appearance is seen when the 
ostium primum defect occurs as part of the atrioven-
tricular septal defect (Fig. 22-28). 

 Finally, while an attempt to utilize color fl ow in the 
setting of ASD may be made, its utility is limited in the 
diagnosis of small defects because of the normal turbu-
lent fl ow occurring through the foramen ovale. 

 Although ASDs may occur in isolation, they are fre-
quently associated with additional complex anomalies 
and may have signifi cant prognostic implications. This 
is particularly true in conditions such as transposition 
of the great vessels and total anomalous pulmonary ve-
nous return, in which the presence of an ASD allows 
the only route for blood returning from the pulmo-
nary circulation to enter the left side of the heart and 
thus the systemic circulation. Absence of an ASD in 
these cases results in a lethal anomaly when the fora-
men ovale closes at birth. 42  Chromosomal abnormali-
ties are also relatively common in cases of ASD, as are 

Figure 22-28 An atrial septal defect is an abnormal opening be-
tween the right and left atria. Basically, three types of abnormalities 
result from incorrect development of the atrial septum. An incom-
petent foramen ovale is the most common defect. The ostium se-
cundum defect results from abnormal development of the septum 
secundum and causes an opening in the middle of the septum. Im-
proper development of the septum primum produces an opening at 
the lower end of the septum known as an ostium primum defect, fre-
quently involving the atrioventricular valves. In general, left-to-right 
shunting of blood occurs in all atrial septal defects.
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the right, or if there is any concern about the function 
of the mitral valve, imaging should be repeated later in 
gestation (Fig. 22-30). 49,50  

 On sonographic examination, the hypoplastic left 
heart maintains its normal cardiac axis. The four-cham-
ber subcostal view demonstrates a clear size discrepan-
cy between the right and left ventricles. The moderator 

 Partial and intermediate AVSDs are more diffi cult to 
identify, but the presence of both ASD and VSD should 
trigger the use of additional views of the tricuspid and 
mitral valves. The short-axis view can be used to im-
age the atrioventricular junction. With complete AVSD, 
a large AV valve is seen; however, with the partial 
AVSD, right and left valvular openings are viewed. The 
mitral opening is triangular, as opposed to its normal 
elliptical form. 

 The aortic root should also be routinely visualized 
in cases of AVSD, as it normally lies within the annulus 
of the mitral and tricuspid valves. The position of the 
anterior septal leafl et commonly causes an anterior and 
superior displacement of the aortic root, with a subse-
quent narrowing of the left ventricular outfl ow tract. 
This “goose-neck” deformity can best be seen in a long-
axis view of the left outfl ow tract. 48  

 HYPOPLASTIC LEFT HEART 

 Hypoplastic left heart syndrome (HLHS) is the most 
severe left-sided obstructive lesion. The basic compo-
nents of hypoplastic left heart include a hypoplastic 
left ventricle, aortic atresia, hypoplasia of the ascend-
ing aorta, mitral valve atresia and or hypoplasia, and 
in some cases a small left atrium. It is responsible for 
around 7% of congenital heart diseases 49  and is the 
most common cause of death from congenital heart 
disease in the neonatal period. 

 Although the severity of the abnormalities involved 
in the hypoplastic left heart syndrome frequently leads 
to easy diagnosis, it is important to realize that this le-
sion is often progressive, arising from an initial mitral 
stenosis with subsequent decreased development of the 
left ventricle and outfl ow tract. Therefore, in some cas-
es, the characteristic sonographic fi ndings may not be 
present until late in the second trimester. If the left- sided 
heart structures appear smaller than usual compared to 

Figure 22-30 In HLHS, blood returning into the left atrium via the 
pulmonary vein fl ows through an ASD, through the tricuspid valve, 
into the right ventricle and out of the heart via the pulmonary artery 
effectively bypassing the left ventricle. The fl ow into the right atrium 
from the SVC, IVC, and the added volume from the PV results in the 
large size. Flow through the ductus arteriosus provides fl ow to the 
fetal body.

Figure 22-29 A: Four-chamber view demonstrating complete endocardial cushion defect (arrow). RA, right atrium; LA, left atri-
um; VS, ventricular septum. Arrowheads point to common atrioventricular valve. B: Doppler interrogation of the common atrio-
ventricular valve shows valve incompetence (regurgitation). A, atria; V, ventricles; R, regurgitation jets.

A B
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 RIGHT VENTRICULAR HYPOPLASIA 
(PULMONARY ATRESIA) 

 In contrast to HLHS, right ventricular hypoplasia is ex-
tremely uncommon, occurring in 0.1 to 0.4 in 10,000 
live births. 1,54  When it occurs, it generally results from 
pulmonary atresia with an intact ventricular sep-
tum. Classifi cation is based on the tripartite approach 
 described by Goor and Lillehel, in which the right ven-
tricle is partitioned into three separate areas: the inlet 
portion, including the tricuspid valve; an apical trabec-
ular portion, which includes the area past the insertion 
of the tricuspid papillary muscles; and the infundibu-
lum or conus, which encompasses the area surrounding 
the pulmonary valve. Using these regions, the  partite 

band should be noted in the normal or enlarged right 
ventricle, to confi rm that it is the left ventricle that is 
hypoplastic. Because of the left ventricular hypoplasia, 
the right ventricle actually forms the apex of the fetal 
heart (Fig. 22-31). 

 The degree of aortic atresia or hypoplasia can be as-
sessed using the short-axis view of the right outfl ow 
tract or by inspection of the three-vessel view. In cases 
of atresia, the aorta may appear as a central echoluceny 
surrounded by the pulmonary outfl ow tracts. Hypo-
plasia can be diagnosed by comparing the diameter of 
the pulmonary outfl ow tracts circling the central aorta. 
 Imaging of the aortic arch reveals the hypoplastic as-
cending aorta. 51  

 As mentioned above, the mitral valve is generally 
stenotic or atretric in HLHS. The function of the mitral 
valve can be assessed in either the long-axis left out-
fl ow tract view or in the four-chamber view. If atretic, 
a membranous band may be apparent in place of valve 
leafl ets. Pulsed and color Doppler may be of benefi t in 
assessing blood fl ow through both the mitral and aortic 
valves. Also, as HLHS is a ductal dependent lesion, Dop-
pler should be used to document the patency of both the 
ductus arteriosus and the foramen ovale (Fig. 22-32). 49  

 M-mode examination should also be conducted to 
confi rm the diagnosis. Diagnostic criteria include a left 
ventricular end-diastolic diameter of less than 9 mm 
with an aortic root diameter of less than 6 mm. 52  

 In addition, HLHS can occur in conjunction with 
anomalous pulmonary venous return. To exclude this 
additional anomaly, connection of the pulmonary veins 
to the left atrium should be confi rmed in the four-
chamber view. Because of the mitral restriction, they 
may appear somewhat enlarged. Color Doppler may be 
of assistance in their identifi cation. 

Figure 22-31 This four-chamber view demonstrates the large right 
atrium and ventricle. RA, right atrium; RV, right ventricle; LA, left 
atrium; LV, left ventricle. (Image courtesy of GE Healthcare, Wau-
watosa, WI.)

Figure 22-32 A: The ASD (arrow) allows pulmonary fl ow to cross from the left to the right atrium. Normal fl ow across the foramen ovale is 
from the right into the left atrium. B: The color Doppler image demonstrates fl ow toward the transducer from the left into the right atrium. 
Determination of fl ow direction is made through the use of the color bar located at the side of the image. Remember BART, blue away, red 
toward, which is the orientation on this image. (Images courtesy of Pamela M. Foy BS RDMS.)

A B
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system classifi es lesions as tripartite (involving all re-
gions), bipartite (with inlet and outlet components), or 
unipartite (consisting of an inlet lesion only). 1,55  

 Right ventricular hypoplasia from pulmonary atre-
sia can be diagnosed by identifi cation of an unusually 
small right ventricle in either an apical or subcostal four-
chamber view. Analysis of the tricuspid and pulmonary 
valves demonstrates patency of the tricuspid valve but 
may demonstrate regurgitation on Doppler views be-
cause of the downstream blockage. The long-axis view 
of the pulmonary artery or short-axis right outfl ow tract 
views show a small, hyperechoic pulmonary artery. 
Color or pulsed Doppler confi rms the absence of blood 
fl ow. As with HLHS, right ventricular hypoplasia results 
in a ductal-dependent lesion; therefore, both the ductus 
arteriosus and foramen ovale should be inspected and 
documented to be patent. 

 Factors associated with poor prognosis include a 
tricuspid annulus less than 5 mm ( � 30 weeks gesta-
tion), a right ventricular:left ventricular ratio greater 
than 0.5, and absence of tricuspid regurgitation. 1  Al-
though the aortic and mitral valves are usually normal 
in this setting, all cardiac anatomy should be carefully 
evaluated. It is not unusual to see left atrial/left ven-
tricular enlargement, as in the absence of a restrictive 
foramen ovale there is a signifi cant right to left shunt 
due to the lack of right ventricular and outfl ow tract 
development. 

 TRICUSPID ATRESIA 

 Tricuspid atresia, similar to pulmonary atresia, results 
in a right ventricular hypoplasia, in this case due to 
lack of infl ow from the right atrium. As with the dis-
cussion of HLHS, this is a progressive lesion which 
tends to worsen as the pregnancy progresses, so any 
concern on an early ultrasound regarding the patency 
of the tricuspid valve should trigger repeat examina-
tion later in the pregnancy even in the setting of a rela-
tively normal-appearing right ventricular size. 57  The 
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Figure 22-33 A: Normal heart. B: Tricuspid atresia. Note the small right ventricle and the large left ventricle.

presence of a VSD may allow for a left to right shunt, 
which may preserve some of the right ventricular de-
velopment (Fig. 22-33) .

 Sonographically, tricuspid atresia appears as a hy-
perechoic thickened valve, which when interrogated 
by Doppler imaging, shows no fl ow on either side of 
the valve. If a VSD is present, turbulent fl ow may be 
demonstrated across the ventricular septum, but such 
fl ow does not cross the atretic valve. In approximate-
ly 25% of cases, pulmonary atresia is also present. 53  
Therefore, the pulmonary valve and artery should be 
carefully assessed as well, using short-axis right out-
fl ow tract views. If the pulmonary artery is normal 
or stenotic (rather than atretic), a VSD is necessary 
to supply blood fl ow for the pulmonary circulation. 
Therefore, the ventricular septum should be carefully 
inspected. 

 As with pulmonary atresia, a right to left shunt is 
essential after birth, therefore the foramen ovale should 
be carefully inspected for any restriction, as a restric-
tive foramen has signifi cant postnatal prognostic impli-
cations. Also, the remainder of the cardiac structures 
including mitral and aortic valves is generally normal, 
but careful confi rmation is nevertheless required. Some 
degree of left atrial and ventricular enlargement is ex-
pected in the presence of a normal foramen ovale; this 
enlargement can be followed throughout gestation and 
may have prognostic implications. 

 COARCTATION OF THE AORTA 

 Coarctation of the aorta refers to narrowing of the aorta 
along the aortic arch, resulting in outfl ow obstruction, 
with the degree of obstruction related to the  degree of 
narrowing that occurs. The type of coarctation is de-
scribed as preductal, ductal, or postductal using the 
position of the lesion in comparison to the ductus 
arteriosus as a reference. The majority of lesions are 
 ductal or postductal; preductal lesions are generally as-
sociated with more complex cardiac lesions. 58  Generally 
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velocity. In cases of obstruction, the velocity distal to 
the lesion is signifi cantly higher (Fig. 22-35). 

   Finally, the structure of the aortic valve should be 
carefully evaluated using the short-axis right outfl ow 
tract view, as bicuspid aortic valve is associated with 
cases of coarctation. 66  

 Diagnosis of interrupted aortic arch is more obvious. 
Sagittal views of the fetus in which the aortic arch is 
visible should allow for identifi cation of the level of the 
lesion and hence proper classifi cation. Doppler fl ow 
imaging may assist with determination of the subcla-
vian, carotid, and innominate arteries in relation to the 
interruption. The short-axis right outfl ow view shows 
a hypoplastic ascending aorta and disproportionately 
small aortic root. Finally, in cases of an interrupted 
arch, a VSD is generally present. 67  

 TETRALOGY OF FALLOT 

 One of the more common forms of congenital heart dis-
ease and the most common form of cyanotic heart dis-
ease, tetralogy of Fallot (TOF) occurs in approximately 
1 in 3,600 live births, accounting for up to 7% of con-
genital heart disease (CHD). The four classic features of 
tetralogy are: (1) perimembranous (conal) ventricular 
septal defect; (2) overriding aorta, which encompasses 
the defect; (3) pulmonary stenosis or atresia; and 4) 
right ventricular hypertrophy (Fig. 22-25F). 1  

 Sonographic identifi cation of tetralogy generally be-
gins with the identifi cation of a perimembranous VSD 
seen in either the apical or subcostal four-chamber 
view. Color Doppler can be used to confi rm the defect 
as previously described. Cranial rotation of the ultra-
sound transducer then obtains a fi ve-chamber view, in 
which the aortic root can be seen to override the sep-
tal defect. Both the VSD and the aortic override can 
be further assessed in the long-axis view of the left 
ventricular outfl ow tract. Some confusion may arise 

coarctation results only in a narrowing of the aorta, 
though in severe cases a complete interruption may 
be present. Interrupted aortic arches are also classifi ed 
based on the location of the lesion. Type A lesions oc-
cur just distal to the left subclavian; type B, between 
the left carotid and left subclavian; and type C between 
the innominate and left carotid. 59  Overall, coarctation 
accounts for approximately 7% of congenital heart dis-
ease. 60  Importantly, close to 70% of cases are associated 
with either additional vascular anomalies such as berry 
aneurysms or extracardiac anomalies (most commonly 
genitourinary) (Fig. 22-34). 61,62  

 Coarctation remains one of the most diffi cult cardiac 
anomalies to diagnose prenatally. On the four-chamber 
view, right ventricular enlargement without visualiza-
tion of other abnormalities should engender a high de-
gree of suspicion, particularly in the second trimester. 
A series conducted by Hornberger et al. in 1994 demon-
strated a ratio of right to left ventricular size of 2.25 in 
infants with coarctations compared to 1.25 for normal 
fetuses. Similarly, the ratio of the pulmonary artery di-
ameter to that of the aorta was also enlarged, with af-
fected fetuses’ ratios approaching 2 and the unaffected 
ratio approximately 1.25. Thus, comparison of right to 
left ventricular size and pulmonary artery diameter to 
that of the aorta is benefi cial. 63  

 The aortic arch diameter should be evaluated for 
subtle signs of narrowing. This is best done in a sagittal 
view of the fetus in which the arch and length of the 
aorta are clearly demonstrated. Normative values based 
on gestational age are available for each segment of the 
aorta. 64,65  If an area of narrowing is visualized, Doppler 
imaging should be used to measure the postobstruction 

Figure 22-34 Locations of aortic coarctation.

Figure 22-35 The aorta demonstrates a postductal coarctation 
( arrow) of the aorta. (Image courtesy of University of Colorado 
 Hospital, Denver, CO.)
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 artery diameters have been shown to be between 40% 
and 55% smaller than aortic diameters in one series 
of third-trimester fetuses with TOF; the differences 
 appeared to increase with increasing gestational age 
(Fig. 22-36). 71  

 Use of pulsed Doppler to measure pulmonary artery 
velocity shows increased fl ow in the pulmonary artery 
(PA) compared to the aorta, in contrast to normal preg-
nancy. Higher velocities are associated with increasing 
degrees of stenosis. If pulmonary atresia rather than 
stenosis is present, retrograde fl ow will be visualized, 
with lack of fl ow seen across the valve itself. The ret-
rograde fl ow is usually associated with increased tur-
bulence. While commonly seen postnatally, right ven-
tricular hypertrophy may or may not be apparent on 
initial prenatal ultrasound. 

 Complete echocardiographic and anatomic evalu-
ation is essential in fetuses with TOF. Additional car-
diac anomalies associated with TOF include right-sided 
aortic arch, aberrant left subclavian artery, and atrial 
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Figure 22-36 Tetralogy of Fallot. A: To obtain the best image of 
a VSD, image the IVS perpendicular to the transducer face. This 
VSD (arrow) is part of the TOF group of anomalies. (VSD, pulmo-
nary  stenosis, and overriding aorta). B: Long-axis view of the heart 
demonstrating the aorta overriding the intraventricular septum and 
VSD. RV, right ventricle; LV, left ventricle; IVS, interventricular sep-
tum. C: Long-axis view of the heart demonstrating a small pulmonary 
artery (P). In the normal fetus, the aorta and pulmonary artery are 
approximately the same size. A, aorta; DV, ductus venosus. (Images 
courtesy of Pamela M. Foy BS RDMS.)

between an overriding aorta due to tetralogy versus 
a true double-outlet right ventricle (DORV); however, 
the use of the “50%” rule may be benefi cial. If more 
than 50% of the aorta overrides the right ventricle, 
DORV is more likely. 1  

 As would be suggested by the aortic override, dila-
tion of the aortic root is a usual, though not absolute 
fi nding. Doppler views of the aortic valve may dem-
onstrate regurgitation; if this is present, the degree 
of insuffi ciency should be monitored throughout the 
pregnancy. 70  

 Next, the right ventricular outfl ow tract should be 
evaluated. Three types of pulmonary artery abnormal-
ity have been demonstrated in tetralogy: pulmonary 
stenosis, pulmonary atresia with a patent ductus, and 
pulmonary atresia with major aortopulmonary collater-
als. This evaluation can be carried out using the short-
axis right outfl ow tract views. If the pulmonary artery 
is present but small in diameter compared to the aor-
tic root, this supports the diagnosis of TOF. Pulmonary 
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are apparent on either apical or subcostal four-cham-
ber views, and the degree of tricuspid regurgitation is 
easily measured with pulsed Doppler (Fig. 22-38). The 
unusual tethering of the tricuspid valve leafl ets may 
be visualized on subcostal views as either thickening 
of the  chordate or abnormal numbers of attachments 
(Fig.  22-39). Severe levorotation of the heart may be 
present because of the displacement caused by the en-
larged right atrium. Right ventricular dilation may be 
present as well, with decreased wall thickness and/or 
dyskinesias. Finally, measurement of the offset between 
the septal leafl ets of the mitral and tricuspid valves 
should be performed. The diagnostic offsets for fetuses 
with Ebstein’s anomaly is anything greater than 8 mm. 73  

   TRANSPOSITION OF THE GREAT ARTERIES 

 Transposition of the great arteries can be divided into 
two separate categories: complete transposition, or d-
transposition, and congenitally corrected transposition, 
or l-transposition. The d- and l- are used to denote the 
location of the aorta in relation to the pulmonary artery, 
where d- denotes right and l- left. In both conditions, 
the pulmonary artery arises from the left ventricle and 
the aorta from the right ventricle; however, they are two 
distinct anomalies with widely divergent prognoses. 74  

 In complete transposition, which encompasses the 
majority of infants with TGA, the connection between 
the atria and ventricles is concordant, meaning that the 
right atrium connects with the right ventricle, and the 
left atrium connects with the left ventricle. The aorta, 
however, comes off the right ventricle, causing deoxy-
genated blood to circulate systemically, and the pulmo-
nary artery off the left ventricle. This results in systemic 
and pulmonary circulation that functions in parallel 

septal or atrioventricular septal defects; extracardiac 
anomalies have included tracheoesophageal fi stula, 
 renal anomalies, clefts, and single umbilical artery. In 
addition, 12% of infants with TOF and 50% of fetuses 
diagnosed with TOF have chromosomal anomalies, 
most commonly DiGeorge syndrome and trisomy 21. 68  

 EBSTEIN’S ANOMALY 

 In Ebstein’s anomaly, the posterior and septal tricus-
pid valve leafl ets are apically displaced from their nor-
mal location at the AV junction into the right ventricle. 
This results in an abnormally large right atrium and 
pathologically small right ventricle (Fig. 22-37). Com-
plicating this issue, the aberrant leafl ets of the tricus-
pid valve may be variably adherent to the ventricular 
wall, resulting in abnormally small mobile portions of 
the valve cusps. This, in turn, can lead to signifi cant 
tricuspid regurgitation or, if the valves are essentially 
immobile, a functional tricuspid stenosis. The anterior 
leafl et remains correctly placed at the AV junction, and 
frequently appears enlarged and sail-like. The presence 
of tricuspid regurgitation or stenosis results in further 
right atrial enlargement. 72  Occurring in 3% to 7% of fe-
tuses with cardiac disease, Ebstein’s anomaly is unusual 
in that it frequently causes severe dysfunction in utero, 
including cardiomegaly, hydrops, and arrhythmias. 72  Be-
cause of this, the live birth rate is signifi cantly lower, 
around 1 in 20,000. Maternal ingestion of lithium car-
bonate has been associated with a 28-fold increased risk 
of Ebstein’s anomaly, 72  and it is associated with chromo-
somal abnormalities including trisomy 13, 18, and 21. 1,69  

 Prenatal diagnosis of Ebstein’s anomaly is usually 
straightforward. The key fi ndings of right atrial enlarge-
ment with apical displacement of the tricuspid valve 

Figure 22-37 Ebstein’s anomaly. Apical displacement of the tricuspid leafl ets results in atrialization of a portion of the 
right ventricle. The functional right ventricle is small. An interatrial communication is usually present. (From Brickner ME, 
Hillis LD, Lange RA. Congenital heart disease in adults. N Engl J Med. 2000;342:340.)
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pectinate muscles and the left appendage long and nar-
row. The foraminal fl ap should be seen opening into the 
left atrium. The ventricles can be distinguished by valvu-
lar and muscular differences. The tricuspid valve (asso-
ciated with the right ventricle) is inserted more apically 
than the mitral, and has distinct attachment to the inter-
ventricular septum. Also, the right ventricle contains the 
moderator band near the apex. The pulmonary artery 
and aorta can be distinguished by their branching pat-
terns, where the pulmonary artery bifurcates into right 
and left branches in contrast to the aorta, which gives 
rise to the carotids, subclavians, and coronary  arteries. 75  

 Although prenatal diagnosis of complete TGA has 
been shown to improve outcomes, it remains one of 
the more diffi cult diagnoses. In complete transposition, 
the apical and subcostal four-chamber views are usu-
ally completely normal, as the relationship between the 
chambers is not altered. The key to diagnosis therefore 
rests on adequate visualization of the outfl ow tracts. 
In the short-axis view of the right outfl ow tract, the 
normal relationship of the pulmonary artery encircling 
the central aorta is lost, and the two vessels appear as 
either side-by-side circular structures or as parallel ves-
sels (Fig. 22-40). In the long-axis views of the outfl ow 
tracts, the aorta and pulmonary artery are seen to run 
in parallel, without the normal crossing pattern. Upon 
closer inspection, the vessel arising from the right ven-
tricle is seen to give rise to the head and neck vessels, 
whereas those arising from the left ventricle have the 
simple left and right branch pattern of the pulmonary 
artery. Color Doppler can be useful in demonstrating 
the branching patterns. Finally, on the three-vessel view 
normally obtained by angling the transducer cephalad 
from the four-chamber view, only two vessels, the aorta 
and superior vena cava, are identifi ed. 75  

 As was mentioned above, a channel for mixing is 
critical. Therefore, the ventricular septum should be 

rather than in sequence. Therefore, at least one avenue 
of mixing (such as ASD or VSD) must be present for 
oxygenated blood from the left ventricular (pulmonic) 
circulation to reach the right ventricular (systemic) cir-
culation in order for life to be sustained until correc-
tion can be performed. This type of transposition has a 
higher incidence in males and accounts for 5% to 7% 
of all congenital heart disease in the fetal population 
(Fig. 22-25H). 75  

 Key to the diagnosis of complete TGA is appropriate 
chamber identifi cation. The atria are properly identi-
fi ed by their appendages and the foraminal fl ap, with 
the right atrial appendage appearing broad-based with 

Figure 22-39 This subcostal four-chamber view demonstrates 
marked levorotation, a thickened tricuspid valve ( T ), and an en-
larged right atrium (RA) compressing the left atrium (LA). LV, left ven-
tricle; RV, right ventricle; SP, spine. (Image courtesy of University of 
 Colorado Hospital.)

A B
Figure 22-38 A: An apical four-chamber view demonstrating the mitral valve (M) and the apically displaced tricuspid valve ( T ). B: Measuring 
the distance between the mitral and tricuspid valve indicates the severity of the inferior offset. (Images courtesy of Pamela M. Foy BS RDMS.)
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carefully examined for a VSD, which is present in ap-
proximately 20% of cases. Left ventricular (i.e., pul-
monary) outfl ow obstruction may be present as well. 
Extracardiac and chromosomal abnormalities are un-
usual, but careful evaluation is nonetheless warranted. 

 Congenitally corrected transposition (CCTGA or 
l-transposition) is extremely rare. In this syndrome, both 
the atrioventricular connections and the ventriculoarte-
rial connections are discordant. Thus, the right atrium 
connects to the morphologic left ventricle, which is in 
turn connected to the pulmonary artery; the left atrium 
connects to the morphologic right ventricle, which in 
turn connects to the aorta. Typically the right and left 
atrium are present in their correct anatomic positions, 
but dextrocardia can be present in up to 20% of cases. 75  

 As with complete TGA, diagnosis in CCTGA is de-
pendent on correct identifi cation of the chambers. In 
CCTGA, the moderator band and apically placed tri-
cuspid valve is visualized connected to the left atrium 
rather than the right. The aorta and pulmonary arteries 
again exit in parallel. Finally, heart block may be pres-
ent (Fig. 22-41). 25–26, 76–77  

  TRUNCUS ARTERIOSUS 

 Truncus arteriosus is one of a group of rare conotrun-
cal defects that account for approximately 1% of fetal 
cardiac lesions. 82  Here, the truncoconal ridges that nor-
mally divide the truncus arteriosus into aortic and pul-
monary trunks fail to fuse, resulting in a single great 
vessel arising just above the interventricular septum. 
A VSD is uniformly present within the upper portion of 
the septum, just below the location of the truncus. A 
single valve is present either directly above the VSD or 

above the right ventricle. The truncus receives blood 
from both the right and left ventricles and perfuses 
the pulmonary, systemic, and coronary systems. As-
sociated cardiac anomalies include both valvular in-
suffi ciency or stenosis, absent ductus arteriosus (50% 
to 75%), and right-sided aortic arch (30%). 83  Truncus 
arteriosus can be further divided into type based on 
the origin and separation of the pulmonary arteries 
(Fig. 22-42). 80  

 Diagnosis of truncus arteriosus is best made from 
the fi ve-chamber view, in which a single vessel can be 
seen overriding a VSD. Although the VSD may be de-
tected on inspection of either apical or subcostal views, 
it is sometimes missed, as the only abnormality on 
such views is the VSD. The long-axis view of the left 
ventricular outfl ow tract also produces the characteris-
tic appearance of a single vessel overriding a VSD. 

 On the short-axis view of what would normally be 
the right outfl ow tract, the single truncal valve is seen. 
The normal encircling pulmonary artery is absent. The 
number of leafl ets in the valve is variable, ranging 
from one to six, but a tricuspid confi guration is most 
common. 81  Regurgitant fl ow is common, occurring in 
approximately 50% of cases, and can be readily seen 
with Doppler. 78  In some cases, the valve leafl ets may 
appear thickened and stenotic. As the truncus is fol-
lowed superiorly, it may be possible using color Dop-
pler to identify the origin of the pulmonary arteries. As 
the ductus arteriosus is frequently absent, an attempt 
should be made to identify it. 79  Finally, the directional-
ity and patency of the entire length of the aorta should 
be assessed. A right-sided aortic arch is present in up 
to 30% of patients, and an interrupted aortic arch has 
also been reported. 1  

Figure 22-40 A: This short axis view shows the aorta (A) and pulmonary (P) arteries arising from the heart in a parallel course. B: Color Doppler 
imaging helps in identifi cation of the vessels, confi rming fl ow direction in the aorta (AO) and pulmonary artery (PA). (Image A courtesy of Philips 
Medical Systems, Bothell, WA. Image B courtesy of Pamela M. Foy BS, RDMS.)

A B
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great arteries and the position of the great arteries at 
the level of the semilunar valves. Most commonly, the 
VSD is located below the aorta, with the aorta and pul-
monary artery lateral to one another. However, many 
combinations are possible. Currently, four main types 
are  accepted by the Society of Thoracic Surgeons: 

 1. VSD-type, in which there is DORV with a subaor-
tic VSD 

 2. Fallot-type, DORV with subaortic or double 
 committed VSD and pulmonary stenosis 

 3. TGA type, in which there is a DORV with a 
 subpulmonary VSD 

 4. Noncommittal VSD-type, in which the VSD is re-
mote from either great vessel 82  (Fig. 22-43) 

 Sonographic diagnosis can be diffi cult, and cor-
rective strategies depend on correct identifi cation of 
the abnormal connections. DORV may commonly be 
 diffi cult to differentiate between conditions such as te-
tralogy (particularly the Fallot-type) or HLHS. The four-
chamber views are generally normal in appearance, due 
to the fact that the VSD is typically anterior and thus 
may not be apparent on the apical or subcostal views. 
However, on the long-axis view of the aorta and/or pul-
monary artery, a VSD can be visualized. In the most 
common side-by-side arrangement of the great vessels, 
the normal crossing of the pulmonary artery and aorta 
is lost, giving rise to parallel outfl ow tracts similar to 
those seen in TGA. 

 Once the diagnosis is made, pulsed Doppler evalua-
tion should be used to confi rm the patency of both the 
pulmonary artery and the aorta to rule out hypoplasia 

 DOUBLE-OUTLET RIGHT VENTRICLE 

 Double-outlet right ventricle (DORV) encompasses a 
group of disorders in which more than 50% of both 
the aortic root and pulmonary artery arise from the 
 morphologic right ventricle, usually directly above a 
perimembranous VSD (Fig. 22-42). Several different 
classifi cation schemes have been proposed on the ba-
sis of the exact relationship between the VSD to the 

Figure 22-42 An extended four-chamber view showing the com-
mon truncus great vessel, arising from both the right ventricle (RV ) 
and left ventricle (LV ). This is consistent with truncus arteriosus ( TA). 
(Image courtesy of Pamela M. Foy BS, RDMS.)

Figure 22-41 Persistent truncus arteriosus. The pulmonary artery originates from a common truncus (A). The septum in the truncus and conus 
has failed to form. This abnormality is always accompanied by an interventricular septal defect.The four-chamber view demonstrates the aorta 
and pulmonary vessels originating from the opposite ventricles (B) than seen with the normal heart. The moderator band on the right aids in 
identifi cation of the ventricles. (Image courtesy of University of Colorado Hospital, Denver, CO.)
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Figure 22-43 Society of Thoracic Surgeons types of DORV.
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 • The atrioventricular loop forms as the tube bends. 

 • Endocardial cushions develop, separating the atria 
and ventricles, at approximately 27 days. 

 • In the seventh week, the truncus arteriosus forms, 
twisting into their proper location. 

 • Several sets of aortic arches form and regress. 

 • Fetal circulation has three bypasses: the ductus ar-
teriosus, foramen ovale, and ductus venosus, which 
close at parturition. 

 • CHD is the most common malformation. 

 • CHD is associated with other structural anomalies 
and abnormal karyotypes. 

 • The best time to examine the fetal heart with ultra-
sound is between 18 and 22 weeks. 

 • The normal heart is at a 45-degree angle to the left of 
midline (levocardia). 

 • Dextrocardia, dextroposition, and mesocardia de-
scribe abnormal positions of the fetal heart. 

 • Obtain a minimum of fi ve 2D views of the heart to 
determine normalcy. 

 • STIC is a 3D imaging mode specifi cally for use with 
fetal heart imaging. 

 • An M-mode helps detect heart rhythm anomalies 
when the M-line placement is through the atria and 
ventricle. 

 • Fetal arrhythmias may lead to nonimmune fetal hydrops. 

 • Septal defects occur in the interatrial septum, inter-
ventricular septum, or a combination of both (AVSD). 

 • Either the right or left ventricle may fail to develop, 
resulting in HPLHS or right ventricular hypoplasia. 

 • Tricuspid atresia worsens as the fetus matures. 

 • There are several types of aortic coarctation: preduc-
tal, ductal, postductal. 

 • Tetralogy of Fallot is the most common form of  cyanotic 
heart disease and is the result of fi ve defects: a peri-
membranous ventricular septal defect, outlet of conal 
ventricular defect, pulmonic stenosis, pulmonary ar-
tery hypoplasia, and right ventricular hypertrophy. 

 • The main fi ndings in Ebstein’s anomaly are an api-
cally displaced tricuspid valve and a large, atrialized 
right ventricle. 

 • There are two types of TGA, complete and corrected 
transposition. Both types image with the great  vessels 
running a parallel course from the ventricles. 

 • Truncus arteriosus is the failure of the embryonic 
truncus to separate into the aorta and pulmonary 
 artery. 

 • DORV has more than 50% of the aortic root and 
 pulmonary artery arising from the right ventricle. 

 • The rhabdomyoma is the most common solid, be-
nign cardiac mass seen in the fetus and may be due 
to tuberous sclerosis and nonimmune fetal hydrops. 

and coarctation. Also, the presence of separate mitral 
and tricuspid valves should be confi rmed, as cases of 
large AVSDs have been reported where only one com-
mon valve is present. 1  

 Additional cardiac (65% to 70%) and extracardiac 
anomalies (47%) are common, and a strong associa-
tion has been reported with poorly controlled diabe-
tes. 1  Chromosomal abnormalities including DiGeorge 
syndrome and trisomies 13 and 18 are also common, 
found in around 30% of cases. 85  

 CARDIAC TUMORS 
 The most common prenatally diagnosed cardiac tumor 
is rhabdomyoma, which is usually noticed as an echo-
genic mass within the right or left ventricle or within 
the IVS. Up to 60% to 80% of patients with rhabdo-
myomas are subsequently diagnosed with tuberous 
sclerosis, so a careful family history and inspection of 
the patient for additional stigmata should be performed 
when rhabdomyoma is suspected. 90  The impact of 
rhabdomyomas is dependent on the number, size, and 
location of the tumors. Cardiac tumors can result in ar-
rhythmias, most commonly supraventricular, therefore 
M-mode or pulsed Doppler should be used to document 
a normal heart rate or to evaluate any irregularity. In 
cases where SVT does occur, development of hydrops 
fetalis has been reported, and close follow-up is neces-
sary. Finally, rhabdomyomas that obstruct mitral, tri-
cuspid, pulmonary, or aortic valves because of their lo-
cation can cause effective valvular stenosis. Therefore, 
Doppler imaging of the valves should be performed to 
document patency (Fig. 22-44). 88  

 SUMMARY 
 • The heart begins beating at 3 weeks postconception. 

 • Cardiogenic cords, tubular structures, are the fi rst 
sign of heart development. 

Figure 22-44 Four-chamber view demonstrating classic appear-
ance of rhabdomyoma, which is located within the right ventricle. 
(Image courtesy of Philips Medical Systems, Bothell, WA.)
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PATHOLOGY BOX 22-4

Outline of Fetal Congenital Heart Defects and Sonographic Appearances

Heart Defect Sonographic Appearances

Atrioventricular septal defects/endocardial 
 cushion defect

Dependent on type; includes various degrees of ostium primum ASD, 
 VSD, common atrioventricular valve, anterior MV leafl et, cleft septal TV

Coarctation of the aorta Possibly slight right ventricular enlargement. Possible turbulent descending 
  aortic fl ow distal to ductus arteriosus entrance. Doppler/color may show 

reversed fl ow in ductus arteriosus in severe forms of coarctation
Double-outlet right ventricle Dependent on type:

 1. VSD-type, in which there is DORV with a subaortic VSD
 2.  Fallot-type, DORV with subaortic or double committed VSD and pul-

monary stenosis
 3. TGA-type, in which there is a DORV with a subpulmonary VSD
 4.  Noncommittal VSD-type, in which the VSD is remote from either 

great vessel
Ectopia cordis Fetal heart is partially or totally outside fetal thorax, usually through 

  sternal defect. Important to look for congenital heart disease, as well as 
other fetal abnormalities

Epstein’s anomaly Apically displaced TV, large RA, small RV, tricuspid regurgitation or 
  stenosis, hydrops, arrhythmia, akinetic or dyskeinetic contraction of the 

right ventricle
Hypoplastic left heart Small, hypertrophied LV, aortic atresia, hypoplasia of the ascending aorta, 

  MV atresia or hypoplasia, small left atrium
Hypoplastic right heart/right ventricular 
 hypoplasia

Pulmonary atresia, pulmonary valve fusion, small pulmonary annulus,
  ASD, underdeveloped right heart, small TV, increased right side of heart 

if no VSD present, large foramen ovale, nonvisualization of pulmonary 
artery in specifi c views (ant. four-chamber, short-axis). Careful duplex 
scanning may help in demonstrating no right ventricular outfl ow

Interrupted aortic arch Slight increase in right ventricle size. Abnormally small ascending aorta. 
  Doppler/color may show reversed fl ow in ductus arteriosus

Situs inversus Important to be sure of left-right orientation of fetal heart in relation to 
  fetal position. The fetal heart may appear normal. Abdominal structures 

may also be inversed
Tetralogy of Fallot Perimembranous ventricular septal defect, pulmonic stenosis, pulmonary 

  artery hypoplasia, right ventricular hypertrophy, overriding aorta, right 
sided aorta in 25% of cases

Total anomalous pulmonary venous return 
 (TAPVR)

Several forms exist, very diffi cult diagnosis in utero. Important to follow 
  pulmonary veins that may empty into right atrium or ventricle. Right 

chambers usually increase. Both great vessels appear normal.
Transposition of the great arteries Dependent on type;

Complete transposition: ventricular and atrial connection concordant; 
  aorta originating from the RV; pulmonary artery originating from the LV; 

ASD or VSD
CCTGA: RA connects to the LV; LA connects to the RV; LV connects to the 
 pulmonary artery; RV connects to the aorta

Tricuspid atresia RV hypoplasia, hyperechoic thickened valve, immobile valve, lack of fl ow 
 through valve, VSD, pulmonary atresia, TGA

Truncus arteriosus Single vessel overriding a VSD, single truncal valve, regurgitant fl ow, 
  thickened stenotic valve, right-sided and/or interrupted aortic arch

Univentricular heart/univentricular 
  atrioventricular connection

Two atria, one ventricle, one or two atrioventricular valves, associated 
  with transposition of the great vessels, aortic arch interruption or coarc-

tation, stenotic pulmonary artery
Valvular atresia Chamber dilatation proximal to atretic valve. Contralateral dilatation if no 

  VSD is present to decompress volume overload.
ASD, atrial septal defect; VSD, ventricular septal defect; MV, mitral valve; TV, tricuspid valve; LV, left ventricle; RA, right atrium; RV, right 
ventricle.
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The clinician was able to obtain Doppler heart 
tones in the offi ce; however, the heart sounded 
different than expected. To date, the patient has 
had no complaints and the pregnancy has been 
uneventful. There is no family history of CHD and 
she has not taken any medication that might cause 
a heart defect. The following apical four-chamber 
heart view was obtained during the exam. What 
fetal structures help identify the chambers? What 
type of CHD does this image demonstrate? What 
modes and views can the sonographer obtain to aid 
in diagnosing the heart defect? 

  ANSWER : To identify the heart chambers on an axial 
view, use the transverse thoracic spine as a reference. 
In closest proximity to the spine is the left atrium 
with the aorta located between the heart and spine. 
 Ao,  aorta;  SP,  spine;  LA,  left atrium. 
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GLOSSARY

Acromelia Shortening of the most distal portion of a 
fetal limb

Mesomelia Abnormal shortening of the middle portion 
of a limb

Micromelia Abnormally short limb

Platyspondyly Flattened vertebral bodies with a de-
creased distance between the endplates

Polydactyly Condition of having more than the normal 
number of digits on a hand or foot

Rhizomelia Shortening of the most proximal portion of 
a fetal limb

Syndactyly Fusion of soft tissue or bony segments of 
fetal digits

Talipes Abnormal position of the fetal foot and ankle

KEY TERMS

skeletal dysplasia | thanatophoric dysplasia | achondroplasia | achondrogenesis | 
short rib-polydactyly syndrome | asphyxiating thoracic dysplasia | Ellis-van 
Creveld syndrome | osteogenesis imperfecta | camptomelic dysplasia | congenital 
hypophosphatasia | dysostosis | polydactyly

OBJECTIVES

Describe the normal sonographic appearance of the fetal skeletal system

Summarize measurement techniques of the fetal long bones

Evaluate limbs for abnormal size and appearance

Identify fetal skeletal abnormalities and their associated fi ndings

Discuss differential diagnoses for pathology visualized

 23  Normal and Abnormal Fetal Limbs
Molly Siemens

  The routine ultrasound examination includes measure-
ment of the fetal femur to determine gestational age 
(GA). Nonroutine measurements of other long bones, 
such as the humerus, also help to determine gestational 
age. When it becomes diffi cult to measure the femur 
or humerus, or if a skeletal abnormality is suspected, 
the radius, ulna, tibia, and fi bula provide alternate dat-
ing measurements. Nomograms are available for most 
bones from the 12th week to term (see Appendixes). 

 In addition to dating the pregnancy, measurement 
and evaluation of fetal long bones documents their ex-
istence or absence and whether they are properly min-
eralized or formed, and also determines their position 
in relationship to the rest of the limb. In the presence 
of a suspected skeletal abnormality, the sonographer 
should obtain a detailed family history for any other ge-
netically transmitted skeletal abnormalities. A detailed 
sonographic anatomic examination aids in diagnosis, 
as skeletal abnormalities are often characteristic of syn-
dromes involving multiple organ systems. 

 This chapter contains information on normal and 
abnormal development, sonographic assessment of fe-
tal limbs, and the most prevalent fetal limb malforma-
tions with their associated anomalies. 

 NORMAL FETAL LIMBS 
 ANATOMY 

 Fetal limb buds visualize as early as 8 weeks with endo-
vaginal ultrasound, with the lower buds imaging before 
the upper buds. 1  Limbs fully develop and primary os-
sifi cation centers image at 10 weeks. Movement of the 
limbs and terminal phalanges of the hands visualize at 
11 weeks. 2  From 12 weeks on, the fetal long bones of 
the femur, humerus, radius, ulna, tibia, and fi bula can 
be accurately measured through identifi cation of their 
high-amplitude refl ection with corresponding posterior 
shadowing. The high-amplitude refl ection is generated 
by the calcium content of the bone (Fig. 23-1). 
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 SONOGRAPHIC TECHNIQUE 

 The femur is the most commonly measured long bone 
and is identifi ed by scanning inferiorly through the fe-
tal thorax to the level of the bladder and rotating the 
transducer until the longest axis of the shaft appears. 
Normally the shaft is straight, symmetrical, and evenly 
ossifi ed, but the contour may have slight variation with 
a straighter appearance laterally and a mild bowed ap-
pearance medially. 4  Acoustic shadowing visualized 
posterior and perpendicular to the bone verifi es cor-
rectness of the scanning plane. To avoid measuring the 
bones of the calf, the sonographer should slightly rock 
the transducer back and forth to ensure that there is 
only a single bone in the same plane. 

 Measurements of the femur are taken when the 
transducer is perpendicular to the shaft to avoid arti-
fi cially shortening the limb. Calipers are placed at op-
posite ends of the shaft from outer margin to outer 
margin, at the junction of bone and cartilage, exclud-
ing the femoral head and distal epiphyses (Figs. 23-2 
and 16-10). 3,5  Measure the anterior-lying femur, as the 
artifactually bowed posterior femur results in an inac-
curately short length. On average, the fetal femur grows 
approximately 3 millimeters (mm) per week from 14 to 
27 weeks and slows to approximately 1 mm per week in 
the third trimester. 4  The accuracy of this measurement 
decreases with gestational age from  � / �  1 week in the 
second trimester to  � / �  3.5 weeks at term. 5  It has been 
shown that femoral length varies according to maternal 
height and weight. 6  

 The humerus visualizes through lateral movement 
of the transducer from the fetal thorax or rotating the 
transducer from the level of the scapula until the lon-
gest axis of the bone appears. Rocking the transducer 
slightly back and forth guarantees the visualized bone 
is the humerus and not the radius or ulna. The hu-
merus has a similar appearance to the femur: a straight, 
symmetrical, and evenly ossifi ed shaft with posterior 
and perpendicular shadowing. Measurements of the 
humerus are taken when the transducer is perpendicu-
lar to the shaft and calipers are placed at opposite ends 
of the shaft (Fig. 16-11). 5  

 Measurement of other long bones helps narrow the 
diagnosis of specifi c skeletal dysplasias, and nomo-
grams exist for each of them. The tibia and fi bula can 
be visualized by moving the transducer inferiorly down 
the leg from the femoral shaft (Fig. 23-3). The tibia is 
the thicker of the two bones and is oriented medially; 
the fi bula lies laterally. To visualize the bones of the 
lower arm, move the transducer inferiorly down the 
arm from the humeral shaft. Both the distal radius and 
ulna should end at the same point, with the ulna being 
the longer of the two bones (Fig. 23-4). 

 Fetal hands and feet should be imaged to document 
their presence or absence. A normal appearance of 
the fetal hand includes unossifi ed hypoechoic carpal 

 Secondary ossifi cation centers, or epiphyses, can 
be visualized by ultrasound and are separated from 
the shaft of the fetal long bone by a layer of cartilage 
(Fig. 23-2). The distal femoral epiphysis, visible by 32 
to 35 weeks, and the proximal tibial epiphysis, visible 
by 34 or 35 weeks, are the two most common secondary 
ossifi cation centers visualized. The proximal  humeral 
epiphysis may only be visualized at term. Visualiza-
tion of these epiphyses aids in the determination of fe-
tal maturity in late pregnancy. 3  Visualization of these 
structures before the expected time frame, however, 
should prompt the sonographer to further evaluate the 
fetus for possible abnormality. 

 The metacarpals and phalanges of the hands image 
in the second trimester, with ossifi cation of the carpal 
bones occurring after birth. The phalanges of the foot 
and the talus, calcaneus, and pubis of the ankle also 
begin to ossify during the second trimester. The rest of 
the tarsal bones ossify after birth. 

 Figure 23-1 Late fi rst–trimester image of the fetal femur. To increase 
the visualization of the femur, a decrease in dynamic range helps 
highlight the shades of white of the early ossifi ed femur. 

 Figure 23-2 Measurement of the femur (29 weeks’ gestation) with 
calipers placed at edge of hyperechoic shaft excluding diaphyses. 
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results in poor overall resolution and a crowded fetus 
in which limbs are diffi cult to visualize. With polyhy-
dramnios, the fetus can be very active or the limb may 
lie beyond the focal range of the transducer. Limbs 
 located in the near fi eld can be diffi cult to delineate. 
Having the patient change position, empty her bladder, 
or take a short walk can often improve visualization by 

bones, fi ve hyperechoic metacarpal bones, and fi ve dif-
ferent independent digits of varying lengths, each with 
three ossifi ed phalanges (except the thumb, which has 
two) (Fig. 23-5). 7  Slight fl exion of the hand and wrist 
is normal, but the hand should always be observed 
in fl exion and extension, as a consistently fi xed po-
sition is abnormal. 7  A similar appearance of the foot 
should be identifi ed, including the fi ve tarsal bones 
and fi ve independent digits, each with two phalanges 
(Fig. 23-6). Several studies have demonstrated that the 
fetal foot has a characteristic pattern of normal growth 
and can be used to accurately determine gestational 
age when other parameters are inaccurate because of 
other abnormal conditions. 8,9  

 Multiple technical factors may inhibit the sonogra-
pher’s ability to visualize fetal limbs. Oligohydramnios 

 Figure 23-3 Normal alignment of tibia ( t ) and fi bula ( f   ) in the second 
trimester. The foot ( open arrow ) is in normal perpendicular alignment 
to the tibia and fi bula. Note the posterior shadowing (arrowheads) 
which is a characteristic fi nding when imaging long bones. 

 Figure 23-4 Normal alignment of the ulna ( U ) and radius ( R ). The ulna 
extends farther into the elbow ( E ) than the radius; however, the radius 
and ulna end at the same point at the distal portion of the limb. Also 
note the contrast between the hyperechoic radius and ulna and the 
nonossifi ed bones of the wrist ( w ).  H,  humerus;  S,  scapula. 

 Figure 23-5 Hand demonstrating phalanges of the four fi ngers and 
thumb ( white arrow ) and the fi ve metacarpals ( open arrows ).  C,  car-
pus;  U,  ulna. 

 Figure 23-6 Second-trimester image of a foot demonstrating all 
fi ve digits ( 1 to 5  ). While this orientation is optimal for a heel-to-
toe distance measurement ( arrowheads ), this orientation can make 
it diffi cult to visualize individual digits or metatarsal bones. (Image 
courtesy of Philips Medical Systems, Bothell, WA.) 
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bowing of a limb or images that include shadowing 
from overlying fetal limbs that artifi cially shorten a 
long bone or create a gap that mimics a fracture. Ab-
normal skeletal mineralization may make the cranium 
or long bones diffi cult to visualize or make them ap-
pear thin or unevenly mineralized. 13  

 The sonographer should determine the dominant type 
of limb shortening visualized. Short-limbed dysplasias 
are classifi ed into four descriptive categories. In rhi-
zomelia, only the proximal portion of the extremity is 
shortened (i.e., the humerus or femur). Mesomelia is the 
shortening of the middle or intermediate segment of an 
extremity (i.e., the radius, ulna, tibia, or fi bula). Acrome-
lia is the shortening of the distal portion of an extremity 
(i.e., the bones of the hands and feet). Micromelia is the 
shortening of an entire extremity (Table 23-2). 4  

 In addition to documenting long bone appear-
ance and length, the sonographer should capture any 
other abnormalities imaged such as abnormal fl uid 
volumes, an abnormal number of digits, or any facial 

changing the fetal position. Patience is often the key in 
obtaining a good diagnostic scan. 

 ABNORMAL FETAL LIMBS 
 Skeletal dysplasia is the abnormal development of the 
cartilaginous and osseous tissues, resulting in bones 
that appear shortened, thin, or deformed, or that fail 
to form at all. 10  Fetuses with long bone measurements 
more than two standard deviations below normal re-
quire a detailed anatomic scan. 10  Some syndromes are 
uniformly lethal, and others are lethal in their more se-
vere forms (Table 23-1). 

 While sonography is the most common method of 
identifying skeletal dysplasias, the diagnosis may be 
diffi cult to make because of their rarity 10  or similar fi nd-
ings. 11  Still others may not be severe enough to be dem-
onstrated in utero. Diagnosis depends on many factors, 
such as the time frame in which the ultrasound exam 
was performed 10  or the presence of a family history of 
skeletal dysplasia. 12  A positive family history can help 
identify the skeletal dysplasia and determine the spe-
cifi c type, since many disorders inherit in an autosomal 
dominant or recessive fashion. 13  In new or spontaneous 
mutations, diagnosis still remains diffi cult, as many dis-
orders have similar prenatal fi ndings. 11  

 SONOGRAPHIC TECHNIQUE 

 Skill, patience, and a complete and accurate patient 
history are the major ingredients for a thorough ultra-
sound examination, especially when there is suspicion 
of a skeletal dysplasia. When scanning an at-risk fe-
tus, the sonographer should fi rst document and image 
each limb that can be imaged. Long bones should be 
evaluated for bowing, which may result in a short-
for- gestational age measurement, and for fractures 
(Fig. 23-7), represented by sharp angulations in the 
midshaft of the bone, which may also produce short-
er-than-expected measurements. Care should be  taken 
not to utilize measurements that include artifi cial 

 TABLE 23-1 

 Lethal Skeletal Dysplasias 

 Achondrogenesis 
 Asphyxiating thoracic dysplasia* 
 Camptomelic dysplasia* 
 Ellis-van Creveld syndrome* 
 Homozygous achondroplasia 
 Hypophosphatasia* 
 Osteogenesis imperfecta Type II 
 Short rib-polydactyly syndrome 
 Thrombocytopenia-absent radius syndrome* 
 Thanatophoric dysplasia 
 VACTERL association* 

 *Mildly affected patients may survive. 

 Figure 23-7 Fetal femur demonstrating midshaft bowing corre-
sponding to a fracture. (Image courtesy of Philips Medical Systems, 
Bothell, WA.) 

 TABLE 23-2 

 Dominant Category of Limb Shortening in Skeletal 
Dysplasias 

 Skeletal Dysplasia Dominant Category 

 Achondrogenesis Micromelia 
 Achondroplasia Rhizomelia 
 Asphyxiating thoracic dysplasia Mesomelia 
 Camptomelic dysplasia Mesomelia, 
  rhizomelia 
 Congenital hypophosphatasia Micromelia 
 Ellis-van Creveld syndrome Rhizomelia 
 Hypophosphatasia Micromelia 
 Osteogenesis imperfecta Micromelia 
 Short rib-polydactyly syndrome Micromelia 
 Thanatophoric dysplasia Micromelia 
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is suspected. Early detection of a lethal skeletal dys-
plasia gives parents the option of termination before 
viability. If parents choose to continue the pregnancy, it 
also allows physicians to prepare for mode of delivery 
(i.e., cesarean section if an abnormal skull shape is vi-
sualized) and possible delivery in a tertiary care center 
(Table 23-3). 

or cardiac defects. 13  Also evaluate the fetal skull for 
changes in shape. Craniosynostosis is a disorder de-
fi ned as the premature fusion of one or more cra-
nial sutures that can be found as an isolated incident 
caused by external forces such as premature descent 
into the maternal pelvic cavity, 14  or in many genetic 
syndromes and chromosomal disorders such as Ap-
ert’s syndrome. 14  The most severe form of craniosyn-
ostosis is Kleeblattschadel or cloverleaf deformity 
and is associated with thanatophoric dysplasia. 15  
Skull evaluation may also note micrognathia, an ab-
normally small lower jaw; abnormally shaped ears; 
or frontal bossing, an unusually prominent forehead 
(Fig. 23-8). 13  

 Lethal skeletal dysplasias are often accompanied by 
pulmonary hypoplasia—a reduction in the number of 
lung cells, airways, and alveoli resulting in reduced lung 
volume and respiratory failure. 16,17  Pulmonary hypopla-
sia can be caused by pregnancy complications such as 
oligohydramnios or secondary to congenital disorders 
such as thanatophoric dysplasia and asphyxiating tho-
racic dysplasia. 13,16,17  Sonographically, pulmonary hypo-
plasia classically presents with a bell-shaped, narrow 
thorax. 17  The femur length/abdominal circumference 
(FL/AC) and the thoracic circumference/abdominal cir-
cumference (TC/AC) ratios can be utilized to rule out 
an abnormally small thorax. An FL/AC of less than 0.16 
or a TC/AC of less than 0.79 indicate a hyperplastic 
thorax. 13,18,19  

 Endovaginal ultrasound has allowed for earlier vi-
sualization of fetal limbs and limb abnormalities. 
First- trimester ultrasound can also help visualize an 
increased nuchal translucency, which is associated 
not only with chromosomal abnormalities but with 
certain cardiac defects and skeletal dysplasias. 2,20  Any 
abnormal fi ndings can be verifi ed with genetic amnio-
centesis if a genetically transmitted skeletal dysplasia 

 Figure 23-8 Three-dimensional rendering of the fetal profi le dem-
onstrating frontal bossing associated with craniosynostosis. (Image 
courtesy of Philips Medical Systems, Bothell, WA.) 

 TABLE 23-3 

 Sonographic Findings in Skeletal Dysplasia 

 Curved or bowed Camptomelic dysplasia 
 long bones  Hypophosphatasia 
  Osteogenesis imperfecta 
  Thanatophoric dysplasia 

 Hypomineralization Achondrogenesis 
  Camptomelic dysplasia 
  Hypophosphatasia 
  Osteogenesis imperfecta 
  Short rib-polydactyly 
  syndrome 
  Thanatophoric dysplasia 

 Narrow thorax Achondrogenesis type I 
  Achondroplasia 
  Asphyxiating thoracic 
  dysplasia 
  Camptomelic dysplasia 
  Short rib-polydactyly 
  syndrome 
  Thanatophoric dysplasia 

 Polydactyly Asphyxiating thoracic 
  dysplasia* 
  Ellis-van Creveld syndrome 
  Short rib-polydactyly
  syndrome 
  VACTERL association* 

 Radial aplasia or Holt-Oram syndrome 
 hypoplasia  Thrombocytopenia-absent 
  radius syndrome 
  VACTERL association 

 Bone fractures Achondrogenesis 
  Hypophosphatasia 
  Osteogenesis imperfecta 

 Heart disease  Asphyxiating thoracic
 dysplasia 

  Ellis-van Creveld syndrome 
  Hold-Oram syndrome 
   Short rib-polydactyly

 syndrome* 
  VACTERL association* 

 Macrocephaly Achondroplasia 
  Camptomelic dysplasia* 
  Thanatophoric dysplasia 

*Does not occur in all cases
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4,000 to 1 in 15,000 births. 21   Thanatophoric  in Greek 
means “death bearing.” 22  It occurs twice as often in 
males as in females. 23,24  Previously the etiology was un-
known, but it is now believed to be transmitted in an 
autosomal dominant fashion by mutations of fi broblast 
growth factor receptor 3 (FGFR3). 22,24  The risk of recur-
rence is estimated at approximately 2%. 24  Parents of 
these fetuses are of normal stature. 21  

 There are two types of TD. Type I is the most com-
mon type 22,  and is characterized by extreme rhizomelia 
(in most cases two standard deviations below the mean 
for gestational age), bowed long bones with a “telephone 
receiver” appearance (Fig. 23-9), normal trunk length, 
platyspondyly, and frontal bossing (prominent forehead) 
(Fig. 23-10). Type II is characterized by straighter long 
bones, taller vertebral bodies, and Kleeblattschadel (clo-
verleaf skull). 21,22,24  Other abnormalities observed with TD 
include a narrow thorax with a protruding abdomen—
giving it a “champagne cork appearance”—horseshoe 
kidney, hydronephrosis, cardiac defects such as atrial 
septal defects, facial features such as hypertelorism, and 
imperforate anus. 21,22,24,25  Polyhydramnios is also associ-
ated with thanatophoric dysplasia and can lead to pre-
mature labor. 24  The prognosis for TD is poor, with most 
fetuses being stillborn or dying within hours after birth 
from respiratory failure from pulmonary hypoplasia. 21,22,24  

 Differential diagnoses for thanatophoric dysplasia in-
clude all short-limbed dysplasias such as Ellis-van Creveld 

 SKELETAL DYSPLASIAS 
 Skeletal dysplasias are complex disorders. Here we de-
scribe several of the more commonly seen dysplasias. 
Fetal sonography may or may not show some or all of 
these reported features. A thorough examination aids in 
the diagnosis of a general skeletal dysplasia and may on 
occasion even provide a defi nitive diagnosis. 

 THANATOPHORIC DYSPLASIA 

 Thanatophoric dysplasia (TD) is the most common 
form of lethal skeletal dysplasia, 13,19  occurring in 1 in 

 PATHOLOGY BOX 23-1 

 Anomalies Associated with Thanatophoric 
Dwarfi sm 

 Curved or bowed long bones 
 Hypomineralization 
 Macrocephaly 
 Frontal bossing 
 Narrow thorax 

 Figure 23-9 Thanatophoric dysplasia. Sonographic appearance of 
femur in type 1  (A)  and type II  (B) . 

A

B

A B
 Figure 23-10 The two types of thanatophoric dysplasia. Type I  (A)  shows bowed femurs; type II  (B)  shows straight femora and a cloverleaf 
skull deformity. 
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 ACHONDROGENESIS 

 Achondrogenesis is a rare and lethal skeletal dyspla-
sia that can be separated into two different categories. 
Type I, or Parenti-Fraccaro, is autosomal recessive 
and characterized by extreme micromelia, a large 
head, short and thin ribs that may have fractures, 
and poor ossifi cation of the skull, spine, and pelvic 
bones (Fig. 23-12). 29,30  Type II, or Langer-Saldino, is 
autosomal dominant and characterized by a promi-
nent forehead, a fl at face with micrognathia, the ab-
sence of rib fractures, and less severe mineralization 
of fetal bones and less severe micromelia. 29,30  Some 
fetuses may exhibit hydrops. 15  Achondrogenesis is le-
thal because of pulmonary hypoplasia. 29  Differential 
diagnoses include osteogenesis imperfecta type II and 
hypophosphatasia. 29  

 SHORT RIB-POLYDACTYLY SYNDROME 

 This rare condition has an autosomal recessive trans-
mission and no gender preference. It is characterized by 
micromelic dwarfi sm, short and horizontal ribs with a 
narrow thorax, and polydactyly (Fig. 23-13). Other fi nd-
ings can include syndactyly; cardiac, gastrointestinal, 
genital, and urogenital malformations; cleft lip and/or 
cleft palate; hydrops; and polyhydramnios. There are 
three types of short rib-polydactyly syndrome: Saldino-
Noonan (type I), Majewski (type II), and Naumoff (type 
III). All three types are lethal, as affected fetuses die 
within a few hours after birth from pulmonary hypo-
plasia. The differential diagnoses include thanatophoric 
dysplasia, osteogenesis imperfecta, and camptomelic 
dysplasia. 25,31  

syndrome, asphyxiating thoracic dysplasia, and short rib-
polydactyly syndrome. 24,26  If type II TD is suspected, care 
should be taken to rule out syndromes that are associated 
with cloverleaf skull such as Apert syndrome. 24  

 ACHONDROPLASIA 

 Achondroplasia is the most common nonlethal type of 
dwarfi sm 27  and occurs equally in males and females. 25  
It is inherited in an autosomal dominant fashion caused 
by a spontaneous mutation in the FGFR3 gene. 25,28  Char-
acteristic features are rhizomelic limb bowing, frontal 
bossing (Fig. 23-11) with a low nasal bridge, and a “tri-
dent” confi guration of the hand (increased space be-
tween the third and fourth digits). 15,26,28  Macrocephaly 
and hydrocephaly may also be noted. 15,25  The prognosis 
for a child with achondroplasia is good; they can be 
expected to have normal intelligence and life expec-
tancy with orthopedic problems being the only medi-
cal concern. 28  Differential diagnoses for achondroplasia 
include thanatophoric dysplasia, achondrogenesis, and 
osteogenesis imperfecta. 28  

 PATHOLOGY BOX 23-2 

 Anomalies Associated With Achondroplasia 

 Macrocephaly 
 Hydrocephaly 
 Frontal bossing 
 Narrow thorax 

 Figure 23-11 Facial profi le of a 32-week gestational fetus with 
achondroplasia demonstrating frontal bossing. 

 PATHOLOGY BOX 23-3 

 Anomalies Associated With Achondrogenesis 

 Hypomineralization 
 Narrow thorax 
 Bone fractures 
 Micromelia 
 Micrognathia 

 PATHOLOGY BOX 23-4 

 Anomalies Associated With Short Rib-Polydactyly 
Syndrome 

 Narrow thorax 
 Hypomineralization 
 Polycactyly/syndactyly 
 Gastrointestinal/genital/urogenital malformations 
 Cleft lip/palate 



A B

C

 Figure 23-12 Achondrogenesis, type I.  A:  Severe micromelia 
of the arms not joining in front of the chest.  B:  Hypomineraliza-
tion of the cranium resulting in unusually clear visualization of the 
brain.  C:  Longitudinal image of the spine demonstrating almost 
absent mineralization of the spine. 

A B

 Figure 23-13 Short rib-polydactyly syndrome.  A:  
Parasagittal image showing short ribs and a hypo-
plastic thorax (  T  ).  B:  Normal fetus for comparison. 
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and congenital heart disease. 25,33,34  The prognosis for 
Ellis-van Creveld syndrome is good, with most affected 
patients living into adulthood. Any deaths from EvC are 
related to the presence of a cardiac abnormality, as death 
related to pulmonary hypoplasia is unusual for this dys-
plasia. 34  Differential diagnoses for EvC include asphyxi-
ating thoracic dysplasia, short rib-polydactyly syndrome, 
achondrogenesis, and thanatophoric dysplasia. 26,34  

 OSTEOGENESIS IMPERFECTA 

 Osteogenesis imperfecta (OI) is a rare, inheritable con-
nective tissue disorder caused by defects in Type I col-
lagen quality or quantity. 35  Type I collagen is found 
in skin, ligaments, tendons, and bone. 36,37  A defect 
in Type I collagen leads to the decreased mineraliza-
tion of bone and bone fragility found in patients with 
OI. 13,26,37  OI is also characterized by long bone and rib 
fractures (Fig. 23-14), and extraskeletal abnormali-
ties such as blue sclera and hearing impairment af-
ter birth. 35,38  OI has been classifi ed into four different 

 ASPHYXIATING THORACIC DYSPLASIA 

 Asphyxiating thoracic dysplasia, also known as Jeune 
syndrome, is a rare autosomal recessive disorder. 26,32,33  
Patients with Jeune syndrome present with an extremely 
narrow thorax, rhizomelic limbs that are not as short as 
other similar dysplasias, polydactyly, and pelvic and renal 
anomalies. 25,32,33  Most cases are lethal because of pulmo-
nary hypoplasia, but some patients have survived with 
the assistance of corrective surgical thoracic expansion. 
Some survivors later succumb to renal insuffi ciency be-
cause of associated renal anomalies. 33  The differential di-
agnosis for this disorder is Ellis-van Creveld syndrome. 32  

 ELLIS-VAN CREVELD SYNDROME 

 Ellis-van Creveld Syndrome (EvC), also known as chon-
droectodermal dysplasia, is a rare autosomal recessive 
disorder that affects males and females equally but is 
frequently found in small communities where inbreed-
ing may be prominent, such as those of the old-order 
Amish. 26,34  This dysplasia is characterized by short 
limbs, short ribs and a narrow thorax, polydactyly, dys-
plastic nails and teeth, abnormalities of the upper lip, 

 PATHOLOGY BOX 23-5 

 Anomalies Associated With Asphyxiating Thoracic 
Dysplasia 

 Narrow thorax 
 Polydactyly 
 Pelvic/renal anomalies 

 PATHOLOGY BOX 23-6 

 Anomalies Associated With Ellis-van Creveld 
 Syndrome 

 Polydactyly 
 Short limbs 
 Narrow thorax 
 Heart malformations 
 Dysplastic nails/teeth 
 Abnormal upper lip 

 Figure 23-14 Osteogenesis imperfecta type III.  A:  Longitudinal image of a fetal thigh at 38 weeks of gestation demonstrates a short, bowed 
femur  (cursors) .  B:  Radiograph after delivery confi rms the presence of short bowed femurs, tibia, and fi bula bilaterally. 

BA
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B

A

 Figure 23-15 Osteogenesis imperfecta demonstrating multiple fractures 
resulting in short and thick bones.  A:  Femurs.  B:  Ribs. (Image courtesy of 
Alf Turner, MIR, BAppSc (Chiro), DACBR, Bournemouth, England.) 

 Figure 23-16 Term fetus with osteogenesis imperfecta demonstrat-
ing how easily the soft skull compresses ( arrows ) with external pres-
sure.  COMP,  compression. 

groups depending on genetic, radiographic, and clini-
cal consideration. 36  

 Type I OI is caused by abnormal decrease in the quan-
tity of collagen produced 35  and is one of the milder forms 
of this disease. 36  It is transmitted in an autosomal domi-
nant pattern. 37  Individuals with type I OI may present 
with femoral bowing sonographically in utero, but most 
fractures do not appear until after birth. These patients are 
usually of normal stature, and the prognosis is good. 36,37  

 Type II OI is the most severe form and is inherited 
in an autosomal recessive fashion. 13,39  It is character-
ized sonographically by reduced echogenicity of the 
long bones, concave ribs resulting from rib fractures, 
and long bones that may appear thickened and angu-
lated because of multiple fractures (Fig. 23-15). 25,26,39  
The thorax may have a bell-shaped appearance and the 
skull lacks ossifi cation (Fig. 23-16), making it easily 
compressible with even slight pressure from the trans-
ducer. 13,35,39  Another fi nding of type II OI is the trans-
parent bone sign, in which the far side of the fetal long 
bone is visualized in addition to the near side. This 
appearance is nearly always observed in fetuses with 
lethal OI. 39  Prognosis for type II OI is poor, with most 
infants dying shortly after birth from pulmonary failure 
caused by multiple rib fractures. 28,36  Differential diag-
noses for type II OI include achondrogenesis, thana-
tophoric dwarfi sm, and congenital hypophosphatasia. 

 Type III OI can be autosomal dominant or recessive. 37  
While type III is less severe than type II in utero, infants 

with type III can present with limb bowing in utero and 
multiple fractures at birth, leading to progressive bone 
deformities through adolescence. 36–38  

 Type IV OI is the mildest form of this disease, as it 
does not present until later in life. It is inherited in an 
autosomal dominant pattern. 37  It is not likely to be de-
tected prenatally, as bone deformities are mild and pa-
tients may only present with short stature or premature 
osteoporosis later in life. 37,38  
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It is characterized by short and bowed limbs, a short 
trunk, a large head, and a bell-shaped chest. Occa-
sionally, it can present with hypoplastic scapulae 
(Fig. 23-17), cleft palate, micrognathia, pyelectasis, 
and hydrocephalus. Many different body systems can 
be harmfully affected, including the face, the heart, 
and the central nervous, respiratory, and genitourinary 
systems. Polyhydramnios may be visualized. 15,25,27,40  
Prognosis for fetuses with camptomelic dysplasia is 
poor, as most die in utero or shortly after birth from 
respiratory complications caused by factors such as 
micrognathia and hypoplastic lungs. 40  Differential 
 diagnoses for this disorder include thanatophoric dys-
plasia, congenital hypophosphatasia, and osteogen-
esis imperfecta. 40,41  

 CAMPTOMELIC DYSPLASIA 

 Camptomelic dysplasia is a rare form of short limbed 
dwarfi sm transmitted in an autosomal dominant fash-
ion caused by a mutation in the SOX9 gene, which plays 
a role in bone formation and testes development. 40,41  

 PATHOLOGY BOX 23-7 

 Anomalies Associated With Osteogenesis Imperfecta 

 Curved or bowed long bones 
 Hypomineralization 
 Bone fractures 
 Bell-shaped thorax 

A B

C

 Figure 23-17 Camptomelic dysplasia.  A:  Postnatal radiograph demonstrating hypo-
plastic scapula ( arrows ).  B:  Three-dimensional ultrasound image showing hypoplas-
tic scapula ( arrow ).  C,  clavicle. C: Ultrasound image demonstrating normal scapular 
 appearance. 
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 Figure 23-18 Hypophosphatasia.  A:  Transverse view of the spine 
and kidneys shows marked hypomineralization of the spine ( Sp ). 
 B:  Magnifi ed view of hand showing marked hypomineralization. 
(Image courtesy of Glen Rouse, MD, CA.) 

A

B

 Figure 23-19 Apert syndrome. Postnatal radiograph demonstrating 
the typical “mitten hand.” 

 PATHOLOGY BOX 23-8 

 Anomalies Associated With Camptomelic Dysplasia 

 Curved or bowed long bones 
 Hypomineralization 
 Macrocephaly 
 Bell-shaped thorax 
 Micrognathia 
 Hydrocephalus 
 Cleft palate 
 Pyelectasis 
 Hypoplastic scapulae 

 CONGENITAL HYPOPHOSPHATASIA 

 Congenital hypophosphatasia is a rare inherited disease 
of defective bone mineralization characterized by low 
or absent tissue-nonspecifi c alkaline phosphatase activ-
ity. 15,40,42  There are two types of congenital hypophos-
phatasia: type I is inherited as an autosomal recessive 
condition and can be detected prenatally; type II is in-
herited in an autosomal dominant fashion and is not 

detected until later in life. 15  A fetus with type I appears 
with an overall reduction in ossifi cation (Fig. 23-18) and 
short, bent bones. The skull may be easily compressed 
and spurs may be visualized along the midshaft of long 
bones and at the knees and elbows. 15,25,42  Type I con-
genital hypophosphatasia is lethal. Differential diagno-
ses include osteogenesis type II and achondrogenesis. 42  

 DYSOSTOSIS 

 Dysostosis is any condition characterized by abnormal 
ossifi cation. Two of the more common sonographically 
visualized types include cleidocranial dysostosis and 
craniofacial dysostosis. Cleidocranial dysostosis is char-
acterized by widening of the cranial fontanelles with an 
increase in the lateral aspect of the cranium. It is associ-
ated with absent or hypoplastic clavicles, spinal abnor-
malities, and hypoplastic middle and distal phalanges. 15  

 Craniofacial dysostoses are commonly associated 
with craniosynostosis. One such dysostosis is Apert syn-
drome. It is characterized by craniosynostosis, midfa-
cial hypoplasia (Fig. 28-11), and bilateral syndactyly. 43,44  

 PATHOLOGY BOX 23-9 

 Anomalies Associated With Congenital 
Hypophosphatasia 

 Hypomineralization 
 Curved or bowed long bones 
 Short bones 
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Syndactyly of the four phalanges, excluding the thumb, 
is known as “mitten hand” (Fig. 23-19). 45  Other abnor-
malities include cardiac, genitourinary, and cerebral 
anomalies, of which corpus callosum abnormalities are 
the most common. 45,46  Apert syndrome is usually de-
tected in the third trimester, as cranial sutures are best 
visualized at this stage and usually in conjunction with 
polyhydramnios, another classic fi nding. 45  

 LIMB ABNORMALITIES 
 Individual limb abnormalities are often features of 
more complex genetic disorders or the result of other 
causes, including maternal teratogen exposure and am-
niotic band syndrome. Limb abnormalities are not life 
threatening in themselves. The prognosis for the fetus 
depends on whether other disorders are involved. 

 THE FETAL HAND 

 Hand anomalies encompass a large number of malforma-
tions from subtle defects to severe abnormalities; how-
ever, many hand anomalies are frequently missed during 
routine ultrasound evaluation. Examination of the fetal 
hands is best performed in the late fi rst or mid-second 
trimester, as the fetus moves frequently and the hands 
are more often in an open position. The fetal hand should 
be evaluated for posture and the appearance and number 

 PATHOLOGY BOX 23-10 

 Anomalies Associated With Dysostosis 

 Abnormal ossifi cation 
 Craniofacial dysostosis 
 Syndactyly 

 Figure 23-20 Clenched hand with overlapping fi ngers. (Image cour-
tesy of Philips Medical Systems, Bothell, WA.) 

 Figure 23-21 Achondroplasia. Trident hands. 
Observe the characteristic trident hand, with 
separation of the third and fourth digits. Also 
note that the fi ngers are all the same length. 
(Image courtesy of Bryan Hartley, MD, Mel-
bourne, Australia.) 

of digits visualized. For example, a persistently clenched 
hand with an overlapping index fi nger (Fig. 23-20) is 
strongly associated with trisomy 18, while a trident hand 
(three-pronged appearance) is characteristically found in 
achondroplasia (Fig. 23-21). If a major structural abnor-
mality is found, the evaluation of the fetal hand can help 
in narrowing the differential diagnosis. 7  

 POLYDACTYLY 

 Polydactyly is the presence of extra digits on the fe-
tal hands or feet (Fig. 23-22). 47  It is one of the most 
common hand anomalies and may occur as an isolated 
fi nding or as part of a syndrome. 47,48  Polydactyly can be 
classifi ed according to the location of the extra digit: 
pre-axial polydactyly affects the radial (thumb) side, 
postaxial polydactyly affects the ulnar (little fi nger) 
side, and central polydactyly affects the three central 
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   Amelia:  absence of one or more limbs (Fig. 23-24) 
   Hemimelia:  absence of one or more extremities 

below the elbow or knee 
   Acheiria:  absence of one or more hands 
   Apodia:  absence of one or more feet 
   Adactyly:   absence of one or more digits from the 

hands or feet 
   Phocomelia:   absence of the proximal portion of an 

extremity with the hand or foot at-
tached to the trunk 

   Meromelia:  absence of part of a limb 
 Aplasia or hypoplasia of the radius is common 

in many different syndromes, including genetic 
syndromes, or may be caused by maternal exposure to 
illicit drugs or medications. Still others appear spon-
taneously. A hypoplastic radius would appear not to 
line up with the ulna at the distal end. An aplastic 
radius would not be present at all, and care would be 
needed to ensure that the single ulna is separate and 
different from the humerus. The hand of the affected 
limb would also be radially deviated, appearing as a 
club hand. 7  

 HOLT-ORAM SYNDROME 

 Holt-Oram syndrome is an autosomal dominant syn-
drome characterized by skeletal and cardiac abnor-
malities. Skeletal defects mainly affect the upper limbs 
and include triphalangeal thumb (thumb includes 
three phalanges instead of the normal two), phoco-
melia, and radial ray defects. The most common car-
diac defect is an atrial septal defect. Prognosis of this 
defect depends on the associated cardiac defects. Dif-
ferential diagnosis includes thrombocytopenia-absent 
radius syndrome or VACTERL association and can 
mimic chromosomal abnormalities such as trisomies 
18 and 13. 49–52  

digits. Postaxial polydactyly (Fig. 23-23) is the most 
frequently encountered form, while central polydactyly 
is the least frequently visualized. 7  Polydactyly is found 
in many syndromes such as short rib-polydactyly syn-
drome, asphyxiating thoracic dysplasia, and aneuploi-
dies such as trisomies 13, 18, and 21. Polydactyly can 
be visualized as early as 10 gestational weeks with en-
dovaginal ultrasound. 48  

 LIMB REDUCTION ABNORMALITY 

 Limb reduction is the congenital absence or incom-
plete development of one or more limbs or segments of 
limbs. The following terms are often used: 

   Aplasia:  absence of a bone 
   Hypoplasia:  incomplete development of a bone 

 Figure 23-22 Polydactyly. Fetal foot with six phalanges ( small ar-
rows ) forming six toes. 

A B
 Figure 23-23  A:  A newborn with postaxial fi fth fi nger duplication of the right hand. (Courtesy of Paul S. Matz, MD.)  B:  Extra digit  (arrow) . 
( Image courtesy of Philips Medical Systems, Bothell, WA.) 
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another condition that restricts fetal movement. 56,57  If a 
clubfoot is suspected, a thorough evaluation of all fetal 
anatomy should be performed to detect a chromosomal 
or syndromic abnormality. The suspected foot should 
also be re-evaluated at the end of the exam to deter-
mine if the abnormality is artifactual in nature. 56  

 AMNIOTIC BAND SEQUENCE 

 Amniotic band sequence (ABS) is a group of fetal ab-
normalities that range from constriction rings and 
edema of the digits to multiple, complex anomalies of 
different portions of the fetal body. 58  The exact explana-
tion of these bands is unknown but many theories have 
arisen as to their origin. Some postulate that the bands 
form after the rupture of the amnion early in the preg-
nancy; others have associated this condition with inva-
sive procedures such as amniocentesis and chorionic 
villus sampling. 58,59  These bands may be recognized so-
nographically as a linear density that is attached from 
one uterine wall to another or from the uterine wall to a 
fetal part, or they may not be visualized at all. ABS can 
affect many different organ systems including cranial 
facial defects (anencephaly, cleft lip/palate), body wall 
defects (gastroschisis, omphalocele, ectopia cordis), 
and limb defects (amputation, clubfoot, lymphedema 
distal to a constriction ring) (Fig. 28-8). 59,60  

 Amniotic sheets can be visualized prenatally and 
should not be confused with amniotic bands. Amniotic 
bands, also known as synechiae, are pre-existing bands 
of uterine tissue that become apparent as the uterine 
cavity fi lls with amniotic fl uid. They are frequently 
associated with endometrial procedures (D&Cs) or in-
trauterine infections. 61  An amniotic sheet appears as 

 THROMBOCYTOPENIA-ABSENT RADIUS 
(TAR) SYNDROME 

 Thrombocytopenia-absent radius syndrome is an au-
tosomal recessive disorder associated with decreased 
platelets. It is characterized by bilaterally absent radii 
but with fi ve fully formed digits. Other abnormalities of 
the upper limbs may be present, and this condition is 
often associated with congenital heart disease. Progno-
sis is poor in many cases because of intracranial hemor-
rhage. Differential diagnoses for TAR include Holt-Oram 
syndrome and Roberts syndrome. 7,53  

 VACTERL ASSOCIATION 

 VACTERL is an acronym for a combination of associ-
ated defects:  v ertebral,  a norectal,  c ardiac,  t racheo-
esophageal,  r enal, and  l imb abnormalities. To confi rm 
this condition, at least three of the anomalies must be 
present. Polyhydramnios has been reported in affected 
fetuses. Prognosis depends on the severity of the as-
sociated anomalies. VACTERL can simulate many dis-
orders such as trisomy 13, trisomy 18, and sirenomelia 
and can be triggered by a problem during embryogen-
esis including vascular insuffi ciency and chemical or 
pharmaceutical agents. 54,55  

 CLUB FOOT 

 Club foot is a common birth defect characterized by the 
fetal foot being excessively medially deviated so that the 
bones of the foot lies in the same plane as the bone of 
the lower leg (Fig. 23-25). It can be an isolated fi nding 
or found as part of a syndrome. Clubfoot is commonly 
seen as a deformation caused by oligohydramnios or 

A B

 Figure 23-24 A: Child with unilateral ame-
lia.  B:  Child with meromelia. An irregularly 
shaped bone attaches the hand to the trunk. 
Both infants were born to mothers who took 
thalidomide. 
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blood fl ow, causing severe ischemia of the caudal por-
tion of the fetus. 63,65,66  The prognosis for sirenomelia is 
generally poor because of renal agenesis. 65  The main 
differential diagnosis for sirenomelia is caudal regres-
sion syndrome, which is a partial or complete agenesis 
of the sacrum, the lumbar vertebrae, and the distal spi-
nal cord, and lack of growth of the caudal region. 67,68  

 MATERNAL CONDITIONS AND 
ASSOCIATED LIMB ABNORMALITIES 
 Obtaining a detailed and accurate medical and social 
history from the mother is very important. Maternal 
disease processes, medications, substance abuse, and 
exposure to radiation or industrial chemicals affect the 
environment of the developing fetus and may result in 
skeletal growth abnormalities. 

 Limb measurements below the 10th percentile may 
represent severe intrauterine growth restriction, fetal 
alcohol syndrome, illicit drug abuse, or a congenital or 
chromosomal anomaly. However, if both the mother and 

a membranous pillar within the amniotic fl uid and is 
characterized by a free edge that projects into the amni-
otic cavity. The fetus can move freely around this projec-
tion. While ultrasound is the modality of choice when 
searching for maternal/fetal complications associated 
with pregnancy, magnetic resonance imaging (MRI) can 
incorporate a wider fi eld of view to more accurately di-
agnose amniotic sheets compared to amniotic bands. 60,62  

 SIRENOMELIA 

 Sirenomelia, also known as “mermaid syndrome,” is 
a rare and lethal abnormality that has been associated 
with maternal diabetes, monozygotic twinning, and 
maternal cocaine use. 63  It is characterized by the fusion 
of both lower extremities or a single lower extremity 
and renal agenesis that results in severe oligohydramni-
os (Fig. 23-26). 63,64  Sirenomelia is thought to result from 
an insult in early embryologic development, possibly 
by a vascular steal phenomenon—a persistent vessel 
from an early embryonic vascular system that diverts 

 Figure 23-25 Clubfoot.  A:  Artist’s rendering of a clubfoot.  B:  Three-dimensional image of clubfoot.  C:  Postnatal image of a fetus with bilateral 
clubfoot. 
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for delivery or interruption. Whenever a skeletal dys-
plasia is suspected, it is often recommended that the 
patient be referred to a tertiary sonographic laboratory 
for confi rmation of the diagnosis. 

 SUMMARY 
 • Primary ossifi cation centers of the limbs image as 

early as ten weeks. 
 • Long bone epiphysis visualizes by 35 weeks, helping 

in determination of fetal maturity. 
 • On average, the fetal femur grows 3 mm a week up 

to 27 weeks, slowing to 1 mm per week for the rest 
of gestation. 

 • Skeletal dysplasias occur with other, often fatal, fetal 
anomalies. 

father are short in stature, the fetus may simply be a nor-
mal, constitutionally small baby. Environmental factors 
such as oligohydramnios, uterine tumors, or Müllerian 
anomalies can deform limbs, while toxic agents can result 
in skeletal deformities. Mothers with insulin-dependent 
diabetes are at higher risk of having a fetus with caudal 
regression syndrome, 69  while craniosynostosis has been 
associated with mothers with hyperthyroidism. 70  Even 
medications that are intended to help can cause harm to 
the fetus. For example, pregnancies in which thalidomide 
(antinausea) was used resulted in fetuses with phocome-
lia, 7  while the use of warfarin (an anticoagulant) resulted 
in fetuses with craniosynostosis. 70  

 Careful examination of the fetal skeleton is the fi rst 
step in detecting a major abnormality. Early detection 
can give parents and physicians an opportunity to plan 

A B

C

 Figure 23-26 Sirenomelia.  A:  Transverse view of abdomen showing marked oligohydramnios 
second to renal agenesis.  B:  View of the lower legs showing the tibias and fi bulas close to one 
another ( arrows ). Some cases show absence of one or more bones. C: Postnatal image of fetus 
with Sirenomelia. 
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 • TD has two forms and is universally fatal. 

 • The autosomal dominant achondroplasia results in 
an individual with a large head, bowed limbs, trident 
hands, and a low nasal bridge. 

 • The lethal achondrogenesis has two forms. 

 • All three types of the lethal short rib-polydactyly syn-
drome include fi ndings of a narrow thorax, polydac-
tyly, short, horizontal ribs, micromelic dwarfi sm, and 
pulmonary hypoplasia. 

 • A fetus with an extremely narrow thorax, rhizomelic 
limbs, polydactyly, and pelvic and renal anomalies 
describes asphyxiating thoracic dysplasia. 

 • Short limbs, short ribs and a narrow thorax, polydac-
tyly, dysplastic nails and teeth, abnormalities of the 
upper lip, and congenital heart disease describe Ellis-
van Creveld syndrome. 

 • Prenatal bone bowing and fractures describe charac-
teristics of OI. 

 • Short and bowed limbs, a short trunk, a large head, 
and a bell-shaped chest describe a type of dwarfi sm 
called camptomelic dysplasia. 

 • The main characteristic of congenital hypophospha-
tasia is a lack of bone mineralization. 

 • Apert syndrome is a form of dysostosis. 

 • Fetal hand and feet malformations include extra or a 
reduction of fi ngers and clubbing. 

 • Syndromes that include limb abnormalities include 
Holt-Oram syndrome, thrombocytopenia-absent ra-
dius (TAR) syndrome, and VACTERL association. 

 • Amniotic band sequence results in amputation of 
limbs and digits if they extend through the amnion. 

 • Fusion of the lower extremities is the result of a vas-
cular steal phenomenon and is part of sirenomelia. 

 Critical Thinking Questions 

  1. Why is consistency and accuracy in measurements 
and anatomic surveys important when evaluating 
the fetal skeleton? 
  ANSWER : Some types of skeletal dysplasias become 
evident in the second or third trimester. Consistent 
measurement techniques are important to ensure 
proper monitoring of fetal limb growth. 

  2. If the femur length is thought to be shorter than 
normal for gestational age, what other measure-
ments should be taken/other anatomic structures 
looked at to help make the diagnosis of a skeletal 
dysplasia? 
  ANSWER : Measurement of the long bones, humerus, 
tibia/fi bula, and radius/ulna aid in determining nor-
malcy of the limbs. 
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 GLOSSARY 

 Aliasing Distortion of the spectral tracing due to a low 
sampling rate 

 Bioeffects Damage to tissue due to heat or cavitation 
produced by ultrasound 

 Brain sparing Increase of blood fl ow to the brain 

 Color Doppler Doppler data conversion into a 
 directional velocity color overlay on the gray-scale  image 

 Color power Doppler Doppler data conversion into a non-
directional amplitude color overlay on the gray-scale image 

 Continuous-wave Doppler Type of Doppler that con-
tinuously sends and receives signals 

 Circle of Willis Ring of arteries located at the base of 
the brain 

 Directional color power angio Combination of direc-
tional color Doppler and nondirectional amplitude color 
Doppler modes 

 Doppler effect Change in frequency due to an object 
moving toward or away from the detector 

 Mirror imaging artifact False reproduction of a 
 structure next to a highly refl ective interface 

 Nyquist limit Half the sampling frequency; aliasing 
 occurs when the frequency exceeds this valueless limit 

 Pulsatility index Quantifi cation of an arterial velocity 
waveform through the use of pulsatility 

 Pulse repetition frequency Number of cycles 
 (frequency) of pulses per second 

 Pulsed-wave Doppler Type of Doppler in which the 
transmitting crystal sends a signal, listens for a return 
signal, and then sends another pulse of sound 

 Quantitative Numerical measurement 

 Qualitative Description of quality of components 
 without a numerical component 

 Resistive index (aka Pourcelot ratio) Measure of the 
force needed to move blood through a vessel 

 S/D ratio Comparison of the systolic to diastolic fl ow 
to identify the resistance to fl ow 

 Supine hypotension Drop in blood pressure resulting from 
compression of the inferior vena cava due to pregnancy 

 Triphasic Three phases 

 Wharton’s jelly Covering of the umbilical cord 

 OBJECTIVES 

 Identify the Doppler spatial peak-temporal average maximum as recommended by 
the U.S. Food and Drug Administration 

 Discuss continuous and pulsed wave Doppler principles 

 Differentiate between quantitative and qualitative Doppler indices 

 Recognize the different color Doppler modes 

 Summarize the normal fetal spectral Doppler waveform appearance in the umbilical 
artery and vein, descending aorta, ductus venosus, and middle cerebral artery 

 Explain fetal and maternal factors infl uencing Doppler waveforms 

 Describe the differences in the umbilical artery spectral Doppler tracing when taken at 
different locations 

  24  Doppler Ultrasound of the 
Normal Fetus 
 Tonya N. Brathwaite 

 KEY TERMS 

 bioeffects  |  continuous-wave Doppler  |  pulsed-wave Doppler  |  aliasing  |  angle of 
insonation  |  pulse repetition frequency  |  mirror imaging artifact  |  color Doppler  |  
color power Doppler  |  directional color power angio  |  S/D ratio  |  resistive index  |  
pulsatility index 
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uses variable acoustic power outputs between 1 and 
46 mW/cm 2 . The power output of a given Doppler unit 
should be known before it is used on a fetus. 

 THE PRINCIPLES OF DOPPLER 
ULTRASOUND 
 A complete discussion of the physics of Doppler ultra-
sound can be found in textbooks such as those authored 
by Kremkau, 11  Edelman, 12  and Miele. 13  The following is 
an overview of these principles. 

 CONTINUOUS-WAVE DOPPLER 
ULTRASOUND 

 The Doppler effect is a change in frequency resulting 
from motion of the sound source (Fig. 24-1). The Dop-
pler effect has applications in everyday life, ranging 
from home burglar alarms to police radar detectors. 
In medicine, Doppler ultrasound is used to detect and 
measure blood velocity and fl ow. 

   Refl ections of blood fl ow can be studied with two 
basic Doppler techniques. The simplest technique is 
CW Doppler; the other, PW, is discussed later. With 
CW Doppler, a single transducer has two separate 
piezoelectric crystals, one that continuously emits 
sound, and another that simultaneously receives it 
(Fig. 24-2). The frequency of the received echo is com-
pared to the frequency of the transmitted echo to de-
rive the  Doppler shift. 

   Because the crystals are continuously emitting sound 
waves and receiving them, CW Doppler cannot identify 
the location of sound refl ection. No imaging is available 
with this system, but it may be used in conjunction 
with real-time imaging to locate or confi rm the vessel-
sampling site. 

 CW is limited to the study of superfi cial vessels be-
cause it cannot discriminate between signals arising 
from different structures along the beam path, but it is 

 HISTORY OF DOPPLER ULTRASOUND 
TECHNIQUE 
 In 1842, an Austrian professor of mathematics and ge-
ometry, Christian Andres Doppler, fi rst described in de-
tail the effect that now bears his name. 1  Doppler did not 
observe the effect of motion on sound frequencies but 
on shifts in light frequencies emitted from double stars. 

 Before the application of the Doppler effect to evalu-
ate the vasculature, research of the circulatory system 
entailed surgery and radiology. In the 1930s, Barcroft 
and associates performed radiographic studies on fetal 
lambs and goats to establish the circulatory pathways. 2  
Lind and Wegelius in 1954 used cardiographic tech-
niques to describe the arterial and venous circulation 
in human fetuses and found it was similar to that of 
fetal sheep. Numerous other investigators reported on 
highly invasive procedures on pre-abortive fetuses. 3  

 Satomura fi rst described the clinical application of 
Doppler ultrasound technology in 1959. 4  The simplest 
type of Doppler is continuous wave (CW). Early CW 
transducers were not very specifi c because they were 
unable to distinguish whether fl ow moved toward or 
away from the transducer. The addition of spectrum an-
alyzers and audible signals overcame this defi cit, which 
allowed estimation of the frequency of the Doppler shift 
and the direction of fl ow. 

 Pulsed-wave (PW) Doppler adds information on 
the location of a moving target. Introduced in the late 
1960s almost simultaneously by two independent labo-
ratories, Baker in Washington studied transcutaneous 
blood fl ow measurements in humans, 5,6  whereas Peron-
neau and colleagues in France used their system initial-
ly on animals. 7,8  Duplex Doppler imaging—PW Doppler 
used in conjunction with two-dimensional ultrasound 
imaging—helps guide the Doppler sampling from the 
ultrasound vessel visualized. 

 Color fl ow mapping and color power Doppler pro-
vide color-coded fl ow direction and aid in vessel identi-
fi cation. Contrast agents, the most recent development, 
are increasing the signal strength to make imaging 
small vessels much easier. 9  

 BIOEFFECTS 
 To date, Doppler and real-time ultrasound have not 
been associated with any ill effects to the fetus or moth-
er. This assessment has been arrived at independently 
by every consensus group that has reviewed the litera-
ture and research fi ndings in this area. 

 The U.S. Food and Drug Administration (FDA) 
guidelines state that there are no known risks asso-
ciated with use of Doppler ultrasound at the recom-
mended power levels. There are specifi c FDA guidelines 
for fetal ultrasound, including that the Doppler spatial 
peak-temporal average intensity (SPTA) be less than 94 
mW/cm 2  in situ. 10  SPTA is a unit used to measure ul-
trasound energy intensity. Most commercial equipment 

 Figure 24-1 An incident ultrasound beam of frequency ( f  ) is  scattered 
by moving red blood cells. As a result of the Doppler effect, the back-
scattered echo has a center of frequency that is higher by  f   D  ·  f   D   �  2 fv  
cos  � / c,  where  f   D  is the change in ultrasound frequency, also known 
as the Doppler shift frequency;  f  is the frequency of the incident ultra-
sound;  v  is the relative velocity between the target and the transducer; 
 �  is the angle between the beam and the direction of the movement 
of the target; and  c  is the velocity of sound in the medium. 

The Doppler Effect

vm/S

fD =       cos �

�

2fv
c
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inexpensive, portable, and simple to operate. Because 
of CW limitations, PW Doppler is the preferred choice 
for obstetrics and gynecologic applications. 

 PULSED-WAVE DOPPLER 

 In PW Doppler, short bursts of ultrasound energy are 
emitted at regular intervals (see Fig. 24-2). The same 
piezoelectric crystal both sends and receives the sig-
nals, allowing for discrimination of range or depth. The 
depth of the target is calculated from the elapsed time 
between transmission of the pulse and reception of its 
echoes, assuming a constant speed of sound in tissues. 
With PW, a sample volume, which is a selected area 
to be studied, can be designated by manipulating the 
trackball or knob on the Doppler keyboard. This allows 
the operator to obtain a reading of a vessel at a certain 
depth through adjustment of the sample volume depth. 
The gate is the area inside the sample volume site. The 
gate or sample volume can be adjusted between 1 and 
15 millimeters (mm) according to the size of the vessel 
being studied (Fig. 24-3). 

 Duplex Doppler sonography combines PW Doppler 
with real-time imaging, allowing the sampling of ves-
sels at specifi c anatomic locations. Direct visualization 

 Figure 24-3 Duplex Doppler sonogram of the common carotid 
demonstrating aliasing. Note the wraparound of the systolic peaks 
 (open arrow) .  A:  The area inside the opened gate is the sample 
 volume site  (arrow) . There are several methods to correct aliasing, 
such as selecting a different transducer frequency or, as in the case of 
this image, increase the scale  (box) .  B:  This image also  demonstrates 
aliasing; however, the artifact is due to an improper baseline location 
 (arrow) . Peak systolic peaks  (open arrows) .  C:  Correctly positioned 
baseline and scale selection. The yellow waveform is due to a  color 
overlay called Chroma. (Images courtesy of Philips Medical  Systems, 
Bothell, WA.) 

 Figure 24-2  A:  Continuous-wave (CW) Doppler transducer that 
continually transmits and receives refl ections to and from the target. 
 B:  Pulsed-wave (PW) Doppler transducer (1) transmits a single pulse, 
and (2) waits for it to return. (3) The time it takes to return is deter-
mined by the depth of the target. 
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differentiate blood fl ow. Typically, red is assigned for 
blood fl ow toward the transducer, and blue is assigned 
to blood fl owing away. The colors can be changed by 
the operator. Once an appealing color scheme has been 
selected, the examiner should use the same combina-
tion of colors to ease the recognition of fl ow abnor-
malities. Positive velocities (when red is selected as the 
fl ow toward the transducer) can go from dark red to 
white or bright yellow. Negative velocities (when blue 
is selected as fl ow away from the transducer) can range 
from dark blue to white or light cyan. The color white 
is commonly used to represent an increase in blood 
velocity. Darker colors represent slower velocities. The 
color green represents fl ow disturbances. Turbulence is 
represented by a mixture of colors such as red, green, 
and blue (mosaic).  Turbulent fl ow patterns are often 
associated with pathologies (Fig. 24-4). 

 The disadvantage of using color is that to obtain a 
high-quality color image, the gray-scale image is usu-
ally compromised or degraded, or vice versa. This is 
 because the computer divides its processing time to 
generate one image into generating two separate im-
ages, one in gray scale and the other in color. Quality is 
therefore compromised. In addition, color fl ow is angle 
dependent, which means that color shadings become 
darker as the angle of insonation approaches 90 de-
grees. A tortuous vessel may change from red to blue 
even though it is the same vessel with constant fl ow. 
When the angle of insonation hits that same vessel, the 
area at 90 degrees to the beam has no color assigned 
and images as a black line. The optimal angle to sample 
with color fl ow is 30 to 60 degrees. Another potential 
error when using color is that fl ashes of color may be 
displayed by aberrant tissue motions. This produces 
frequency shifts and may result in confusing color dis-
plays. To avoid this, as with CW and PW Doppler, there 
is a “thump” fi lter, also known as a velocity or wall 
fi lter, built into every machine. A wall fi lter minimizes 
the fl ash artifacts by fi ltering out the low-level veloci-
ties without losing valuable information. 

of the vessel allows adjustment of insonation direction 
of the Doppler beam to obtain optimal waveforms with 
maximum velocities. Direct visualization also allows 
visualization during adjustment of the gate depth. For 
example, if no image is available to differentiate be-
tween them, an abnormal uterine artery waveform can 
produce the same Doppler signal as a normal common 
iliac artery waveform. 

 The angle of insonation is the angle at which the 
Doppler beam encounters or intersects the sampled 
vessel. Mirror imaging or other artifacts occur when the 
angle of insonation is close to 90 degrees. If this hap-
pens, the system cannot distinguish direction of fl ow 
and produces the same waveform above and below the 
baseline. The optimal angle for PW Doppler is 30 to 60 
degrees. 11  

 Aliasing is a phenomenon that occurs in PW systems 
when the pulse repetition frequency (PRF) is less than 
two times the Doppler shift frequency (see Fig. 24-3). 
This phenomenon does not occur with CW. This occurs 
during attempts to sample high-velocity blood fl ow. PRF 
is the number of pulses sent out by the transducer per 
second. The Nyquist limit is the minimum PRF required 
to register a frequency without aliasing. 14  This proves to 
be one-half the frequency. For example, to detect a fre-
quency of 10 kilohertz (kHz), the PRF must be 20 kHz. 
The speed of sound in tissue basically limits the PRF. 
To avoid aliasing, increase the PRF, increase the angle 
of insonation, use a lower-frequency transducer, switch 
to CW (CW Doppler has no range resolution), or select 
a new ultrasonic window by using a shallower sample 
volume or using baseline shift for results that appear 
more pleasing to the eye. 12  

 In a study by Mehalek and colleagues, 15  CW and 
PW fl ow velocity waveforms were compared using the 
patient as the control. The systolic-to-diastolic (S/D or 
A/B) ratios obtained with CW and PW Doppler systems 
were found to be comparable. Therefore, a laboratory 
can use either a CW or PW Doppler system effectively. 

 COLOR FLOW MAPPING 

 Color fl ow imaging involves the addition of color to 
overwrite the gray-scale ultrasound image to indicate 
movement such as blood fl ow. A bar of preselected col-
ors displays on the left side of the ultrasound screen. As 
with CW and PW Doppler, the color bar has a baseline. 
The baseline on the color bar is the black line that sepa-
rates the two main colors. This black line represents 
areas without Doppler shift. The color above this base-
line indicates blood fl ow toward the transducer or posi-
tive Doppler shifts, and the color below the baseline 
indicates fl ow away from the transducer or negative 
 Doppler shifts. Color fl ow mapping does not distinguish 
or code arteries versus veins; rather, it simply assigns 
color to fl ow toward or away from the transducer. Two 
arbitrary primary colors are selected and assigned to 

 Figure 24-4 These two color bars demonstrate different colors for 
blood fl ow toward and away from the transducer. No matter the col-
or selection, fl ow toward the transducer displays above the baseline 
and fl ow away from the transducer displays below the baseline. 

Flow
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Flow
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fl ow within the arterial and ventricular chambers of the 
fetal heart, as well as the relationships of the right and 
left outfl ow tracts in diffi cult-to-image patients and fe-
tuses. Power color Doppler has also been used to deter-
mine the number of umbilical arteries seen adjacent to 
the urinary bladder (Fig. 24-5). 16  

 Another color Doppler mode, called directional  color 
Doppler angio (DCPA) is a hybrid of color and CPA 
 imaging. This mode displays both the power magnitude 
or amplitude of CPA and the direction of the fl ow ve-
locity as in color. In DCPA mode, the signal brightness 
indicates the magnitude of the fl ow power. Bright sig-
nals have strong power; weak signals have a dark color. 
Hue, red or blue in most cases, indicates the direction 
of fl ow, toward or away from the transducer (Fig. 24-6).
(S.  Xuegong, personal communication, January 4, 2011). 

 ANALYSIS OF THE DOPPLER SIGNAL 

 Doppler ultrasound has many uses in examining the 
maternal-fetal circulation. Qualitative Doppler allows 
us to identify the direction of blood fl ow and detect 
fl ow disturbances such as stenosis or turbulence. More 
important, Doppler allows the sonographer to isolate 

 COLOR POWER DOPPLER 

 Color power Doppler (CPD) is an addition to the Dop-
pler evaluation family. It is also called energy mode or 
color angio. 12  CPD calculates the random noise in the 
CPD mode instead of the mean Doppler frequency shift. 
Random noise in the CPD mode is different from that in 
other Doppler modes, because the noise has a uniform-
ly low power because of the standard signal-to-noise ra-
tio. The color scale is calculated on the intensity, power, 
or amplitude of the signal, which displays indirectly the 
number of blood cells insonated by the Doppler beam. 
CPD is an alternate method for assessing low-fl ow ve-
locities because they have a large number of refl ectors 
moving at low velocities. On the unidirectional color 
map display, lower amplitude signals are darker and 
higher amplitude signals are lighter (Fig. 24-5). 

 There are some drawbacks to using CPD. Because the 
entire color scale is used, there is no differentiation in 
fl ow direction or speed. CPA is an amplitude mode color 
display showing the intensity of Doppler shifts. CPA is 
useful for showing slow or diminished fl ow because it is 
less angle dependent than color fl ow imaging. 

 Advantages over standard color Doppler are that 
CPD is angle independent and does not alias because 
the integral of the power spectrum is the same regard-
less of whether the signal wraps around. CPD also in-
creases the usable dynamic range of the Doppler image 
because it extends the imaged fl ow down to the noise 
fl oor. CPD cannot distinguish blood fl ow reversal; it 
also cannot differentiate between arterial and venous 
blood fl ow. 

 CPD is extremely sensitive to low blood fl ow, which 
makes it very sensitive to motion artifacts. Power color 
Doppler is useful when the interventricular septum is 
oriented perpendicular to the ultrasound beam. 16  It is 
useful for identifying the presence or absence of blood 

 Figure 24-5 This dual image shows a color Doppler image of the 
two umbilical arteries lateral to the bladder (right). The left  image 
demonstrates one type of CPA map of the same area. Notice the 
complete fi lling of the vessels. (Images courtesy of Philips  Medical 
Systems, Bothell, WA.) 

 Figure 24-6 This DCPA image looks very similar to the color Doppler 
image. To tell the difference, look at the color bar  (arrow)  next to the 
image. Compare this bar to the color Doppler image and notice that 
there is a PRF but not a velocity (cm/s) value. (Image courtesy of Philips 
Medical Systems, Bothell, WA.) 

   PATHOLOGY BOX 24-1 

 Types of Doppler Modes 

 Continuous wave 
 Pulsed wave 
 Spectral Doppler 
 Color Doppler 
 Color power angio 
 Directional color power angio 
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 QUANTITATIVE DOPPLER INDICES 

 Quantitative Doppler can quantify fl ow disturbances, 
estimate absolute blood fl ow, assess vascular imped-
ance, and help characterize tissue. Quantitative Dop-
pler indices include velocity and fl ow measurements. 
Velocity is defi ned as the maximum Doppler shift over 
a cardiac cycle; fl ow is defi ned as the average velocity 
times the lumen area of a vessel. If the vessel is circular, 
the area can be determined from one diameter, whereas 
if it is an ellipse, two diameters are required. 

 Several potential errors are inherent in measuring 
fetal blood fl ow volume. One source of error is the in-
accurate measurement of the angle of the vessel to the 
insonating ultrasonic beam. The estimate of velocity 
is strongly dependent on the magnitude of the angle. 
A linear-array transducer with a Doppler offset at a 
fi xed angle gives an accurate measurement of the angle. 
If the insonating beam angle is two degrees, the error 
rate is 6%; increasing fi ve degrees, there is a 15% ve-
locity error rate, demonstrating the increases seen with 
an increased Doppler angle. 21  The need to measure the 
angle of insonation limits this method to vessels whose 
axis lies in the same plane for a few centimeters of their 
course. The intra-abdominal umbilical vein or the fetal 
descending aorta is suitable. Yet another error in esti-
mating fl ow volume can arise in measuring the vessel 
diameter. Small measurement errors in vessels of small 
diameter create huge errors. For example, a 1-mm error 
in the measurement of an 8-mm vessel produces a 25% 
error variation in the fl ow calculation. 22  The diameter of 
vessels—especially the fetal aorta—may vary 20% over 
the cardiac cycle. The sample volume must embrace the 
entire lumen to ensure that it is uniformly insonated. 

 QUALITATIVE DOPPLER INDICES 

 Qualitative measurements of fl ow velocity waveforms 
are angle independent and are therefore easier to obtain. 
Flow samples taken from the fetus are mainly at the 
umbilical artery, middle cerebral artery (MCA), and the 
 descending aorta. Indices used to determine normalcy 
include the S/D or A/B ratio, which uses the peak sys-
tolic, and end diastolic velocities. The PI is the systolic 
minus the diastolic divided by the mean of the maxi-
mum velocities. A fi ne formula, the RI uses the systolic 
minus the diastolic divided by the systolic velocities. 16  

 CLINICAL APPLICATIONS 
 PLACENTAL CIRCULATION 

 Pregnancy places tremendous stress on the maternal cir-
culation. Cardiac output increases in early pregnancy, 
reaching a peak of 30% to 50% above nonpregnant val-
ues at 20 to 24 weeks’ gestation. 23  This increase in the ma-
ternal cardiac output is caused by the dramatic increase 
in uterine blood fl ow needed to satisfy the metabolic 

abnormal fl ow patterns that help to identify pregnan-
cies at risk of poor fetal outcome. Quantitative fl ow 
measurements include blood velocity and fl ow. Qualita-
tive measurements look at characteristics of the wave-
forms, which indirectly give an approximation of fl ow 
and resistance to fl ow. These include the S/D ratio, 17  
the resistance index (RI), 18  and the pulsatility index 
(PI) 19  (Fig. 24-7). Waveform appearance is affected by 
cardiac contractility, blood viscosity, elasticity of the 
vessel wall, the peripheral resistance in the circulation, 
the distance of the sampling site from the heart, and the 
presence or absence of turbulence. 20  

  INTERPRETATION OF WAVEFORMS 

 There are standard defi nitions used to report the Doppler 
fi ndings pertaining to the obtained waveform. Most fetal 
and maternal vessels such as the uterine and arcuate ar-
teries have ranges of normal previously established. The 
range may actually vary with the patient’s gestational 
age. Any S/D, PI, or RI in those normal ranges should be 
reported as within normal limits. Report high fl ow ratios 
or fl ow indicating a slight resistance in the circulation. 
Absent end-diastolic velocity describes the absence of 
blood fl ow during the diastolic part of the cardiac cycle. 

 Flow extending below or under the Doppler baseline 
indicates reversal of fl ow. “Shunting” is a term used 
when blood fl ow in the fetal middle cerebral artery, 
normally a high-resistance circulation, is increased, re-
sulting in low-resistance circulation. This happens in 
severe cases of fetal growth restriction due to blood 
shunting from other organs to protect the fetal brain, 
“brain sparring” or “head sparring.” Notching is a com-
mon fi nding associated with the maternal uterine ar-
tery. A uterine artery notch is an extra bump between 
the systolic peak and diastole that is usually seen in 
patients with pre-eclampsia. In the fetal venous system 
there may be indentations in the umbilical vein that 
occur consistently with every diastole; these fi ndings 
should be described as venous pulsations. 

 Figure 24-7 Diagram of Doppler waveform and the indices used to 
describe them.  A , systole;  B , diastole. 

A/B Ratio =     (Stuart et al. 1980)

Resistance Index (modified) =          (Pourcelot 1974)

Pulsatility Index =           (Gosling 1975)
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 UTERINE VASCULATURE 

 The blood supply to the pregnant uterus is derived 
chiefl y from the uterine arteries. The ovarian arteries 
also contribute, but to a lesser degree. The main uterine 
artery derived from the internal iliac artery branches off 
once it reaches the uterus to form the arcuate arteries. 
The main uterine arteries circle the anterior and pos-
terior surfaces, forming anastomoses with the arcuate 
arteries on the opposite side (Fig. 6-11). The radial ar-
teries branch off the arcuates and are directed into the 
uterine lumen to form the spiral arteries, which pass 
into the uterine decidua to feed the intervillous space. 

 Early in pregnancy, the trophoblast invades the 
spiral artery in the decidua to form lakes of maternal 
blood. At 16 to 24 weeks, the placental cytotropho-
blasts invade the spiral arteries in the myometrium, 
eroding their walls and producing dilated vessels with 
low resistance. If this does not occur, the vessels remain 
constricted and exhibit increased resistance. This may 
place the patient at risk for pre-eclampsia and intrauter-
ine growth restriction (IUGR). Early changes in uterine 
and arcuate artery blood fl ow can be detected and fol-
lowed by serial Doppler fl ow studies. 

 SCANNING TECHNIQUE 
 CONTINUOUS-WAVE STUDY OF THE 
UMBILICAL ARTERY 

 Because CW Doppler systems are blind to the exact lo-
cation of the Doppler signal, they are not routinely used 
in obstetrics. However, they may be used in conjunc-
tion with a real-time ultrasound system to aid in vessel 
identifi cation. Real-time ultrasound may be useful for 
determining the origin of an abnormal signal, but each 
vessel has its own unique waveform and sound and can 
often be identifi ed without real-time imaging. 

 The fetal umbilical artery and the maternal uterine 
and arcuate arteries are the vessels studied most com-
monly with CW Doppler. While the blood vessels are 
examined, the patient lies in a semirecumbent posi-
tion to prevent supine hypotension. 25  To reduce Dop-
pler scanning time, the umbilical cord can be identifi ed 
with real-time sonography to guide the placement of 
the beam for Doppler scanning. It has been document-
ed that arterial resistance is greater at the insertion of 
the umbilical cord into the fetal abdomen than at the 
placental cord insertion. 26  If the placental cord insertion 
cannot be identifi ed, a free loop midcord is sampled. 
The angle of the transducer is manipulated slightly un-
til a strong signal is obtained. 

 The signal should be sharp and easily distinguished. 
If the borders of the peak and troughs are not clear, the 
gain can be raised or lowered until a distinguishable sig-
nal is obtained. The normal waveform signal looks iden-
tical to the pulsed wave Doppler waveform (Fig. 24-8). 
Wall fi lters, which fi lter out low-level echoes, should be 

demands of the fetus. The maternal blood volume nor-
mally expands by approximately 40% to compensate for 
the slight drop in the mean arterial pressure. 

 In the placental circulation, blood enters the  placenta 
from the fetus through the paired umbilical arteries. 
The blood distributes throughout the chorionic plate 
to the chorionic villi, where it passes through villous 
capillaries and drains into a network of veins that are 
parallel to the arteries. Exchange of oxygen, carbon di-
oxide, nutrients, and waste products occurs across the 
villous capillaries. The blood then returns to the fetus 
by way of the umbilical vein. 

 UMBILICAL CORD 

 The umbilical cord is the crucial intrauterine link be-
tween the fetal and the placental circulation. It is nor-
mally composed of two arteries and a single large vein, 
covered by amnion, and ensheathed in Wharton’s jelly 
for protection. 

 The umbilical arteries are a single-layered intima of 
endothelial cells resting on a medium of smooth muscle 
cells. Fine elastic fi brils are scattered throughout the ar-
terial walls. The umbilical vein consists of a thin intima 
and a well-defi ned internal elastic lamina. The medial 
subintimal smooth muscle fi bers are arranged longitu-
dinally. 24  The vessels arrange spirally to reduce torsion 
and knots that would occur if they were fl oating free. 
Doppler ultrasound can be used to determine adequacy 
of umbilical cord blood fl ow (Table 24-1). 

 TABLE 24-1 

  Indications for the Fetal Doppler Exam 

  Maternal disease  Hypertension (chronic or 
 pregnancy-induced) 

  Collagen vascular disease 
  Renal disease 
  Diabetes (classes B, C, R, F) 
  Malnutrition 
  Rh or Kell sensitization 
  Anemia 

 Suspected IUGR  Estimated fetal weight �10th percentile 
  Incorrect dates versus IUGR 
  Unexplained oligohydramnios 

Risk factors Previous IUGR infant
  for IUGR Smoker  � 1 pack/day cigarettes 
  Drug or alcohol ingestion 
   Elevated maternal serum � fetoprotein 
   Discordant growth of multiple 

 gestations 

 Other Umbilical cord anomaly 
   Previous fetal demise 
  Fetal chromosomal anomaly 
  Inadequate placentation 
  IUGR, intrauterine growth retardation  
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transducer can be angled medial until the proper signal 
is obtained (Table 24-2). 

 PULSED-WAVE DOPPLER 

 Umbilical Artery Waveforms 
 Imaging the umbilical artery with a duplex system is 
easy. The cord is located with the real-time  transducer, 
a loop is identifi ed at midcord or at the placental umbil-
ical cord insertion, 26  and the Doppler cursor is dropped 
into the umbilical vessels. Because S/D, PI, and RI (also 
known as the Pourcelot ratio) are angle-independent 
measurements, it is not necessary to correct for the 
angle of insonation. The umbilical waveform should 
demonstrate clean peaks of equal height, and umbili-
cal vein fl ow should be visible in the opposite direction 
(see Fig. 24-8). 

 Umbilical Vein Waveforms 
 Umbilical venous blood fl ows from the placenta, through 
the ductus venosus, into the inferior vena cava, across 
the right atrium, through the foramen ovale into the left 
atrium, and out the left ventricle. The rate of umbilical 
vein fl ow steadily increases with advancing gestational 
age and parallels fetal growth until approximately 37 
weeks, after which there is a reduction. Animal studies 
have suggested that a major determinant of umbilical 
venous fl ow is resistance in the fetal–placental circula-
tion. 27  Indik and Reed 28  showed that umbilical arterial 
fl ow returning to the placenta affects the fl ow velocity 
of the umbilical venous blood fl ow returning to the fe-
tus, and vice versa. Umbilical venous fl ow should be 
constant and nonpulsatile (see Fig. 24-8), which means 
the diameter of the waveform should remain the same 
throughout the entire fetal cardiac cycle. When altera-
tions in fl ow are noticed, it should be ascertained that 
the fetus is not breathing because this causes fl uctua-
tions in the fl ow. Umbilical vein pulsations have been 
associated with adverse fetal outcomes. 29  This is due to 

set as low as possible. If the gain is lowered too much, 
the end-diastolic velocity may be falsely obliterated. The 
arterial signal should be visualized on one side of the 
baseline, with the steady nonpulsatile venous fl ow in the 
opposite direction. Because fetal breathing activity can 
alter fl ow ratios, it is good practice to wait until breathing 
stops. 25  Breathing can be identifi ed either by an undulat-
ing venous Doppler signal or by fetal chest wall move-
ments. Once three or four waveforms of equal height are 
obtained, the image is frozen while the necessary mea-
surements are taken. A single waveform should never 
be used for quantitative assessment; rather, a number of 
sequential waveforms should be averaged to minimize 
beat-to-beat variation. 25  

   Uterine Artery 
 To evaluate the maternal uterine or arcuate artery with 
CW Doppler, the transducer should be placed parauter-
ine in the maternal iliac fossa. Slight medial and cau-
dal angulation may be necessary to obtain the correct 
signal. Slight moves are made with the transducer until 
the much slower maternal pulse is audible. The normal 
uterine arterial waveform is distinct and should have 
suffi cient diastolic blood fl ow (Fig. 27-4), whereas the 
iliac arteries have reversed or no end-diastolic fl ow. 
Abnormal uterine arteries can give a similar wave-
form to that of the internal iliac artery, so care must 
be  exercised. 

 Arcuate arteries are located between the umbilicus 
and the iliac crest on the lateral side of the uterine fun-
dus, although the exact location varies with gestational 
age. Having the patient lie in the semirecumbent posi-
tion makes obtaining the signal quicker and easier. The 

 Figure 24-8 In the typical umbilical artery and vein waveform, the ar-
terial blood fl ow is above the baseline. Note the clear systolic peaks 
of the artery with the arrow indicating the diastolic trough.  Below the 
baseline is normal continuous venous fl ow ( open arrow ). Decreasing 
the sector width before entering the color mode increases image 
detail because of the increase in line density. After decreasing the 
sector size, the area of interest was then zoomed or magnifi ed. 

 TABLE 24-2 

 Comparison of Continuous and 
Pulsed Wave Doppler 

 Continuous Pulsed 

 Always transmitting and Sends, listens, receives with 
 receiving with different  each crystal 
 crystals 
 No image Real-time image/tracing 
 Spectral tracing  Spectral tracing, color 

 Doppler modes 
 No angle correction Angle correction 
 No aliasing Aliasing due to Nyquist limit 
 Gate
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gestation. 30  One reason for this is the invasion in the 
myometrial portion of the spiral arteries, which oc-
curs around 16 weeks’ gestation. 30  The presence of 
a notch or persistently elevated ratios may imply 
that the pregnancy suffers from inadequate nutrition 
and oxygenation, which leads to pre-eclampsia and 
IUGR. Yet another explanation may be a maternal 
 vasospasm causing increased resistance inside the 
vessel. 

 Fetal Descending Aorta 
 Most studies of fetal blood fl ow have evaluated volume 
fl ow and velocity in the aorta. In 1979, Gill used a mod-
ifi ed eight-transducer water-path transducer to perform 
the fi rst fl ow studies. He estimated that he achieved 
errors of less than 10%. 21  

 Various investigators have used a linear-array trans-
ducer with a pulsed Doppler transducer at a fi xed angle 
of 45 degrees. The fi xed angle helps ensure that the 
angle of insonation of the Doppler beam is less than 
60 degrees from the direction of fl ow of the red blood 
cells. 31  The fetal descending aorta and umbilical vein 
are the vessels most often studied with fl ow velocity. 
The descending aorta should be examined just above 
the level of the diaphragm. The transducer should be 
parallel to the aorta. The sample gate should be opened 
beyond the lumen walls, to ensure even insonation of 
the vessel (Fig. 24-9). 

 Gill 32  has shown that for low beam–fl ow angles, in-
creasing the gate to exceed the lumen diameter compen-
sates in part for the inadequate beam width. 

 The aortic fl ow velocity waveform shows rapid accel-
eration during systole. From peak systole to end-diastole 

congestive heart failure. Umbilical vein pulsations are 
described as repetitive, persistent decreases in venous 
velocity that are coincident with the fetal cardiac cycle 
(see Fig. 24-8). There is an increase in the volume fl ow 
and velocity in the umbilical vein in severely anemic fe-
tuses. For a summary of fetal pulsed wave appearances, 
see Table 24-3. 

 Uterine Waveforms 
 To image the uterine artery with PW Doppler, the 
external iliac artery is fi rst visualized with real-time 
equipment. The external iliac artery most commonly 
appears in the maternal iliac fossa as a large, long ves-
sel running parallel to the uterus. The uterine artery 
is seen branching around the external iliac artery and 
is located medial to the iliac artery but lateral to the 
uterus. The operator should try to identify the vessel 
fi rst on real-time, to save actual Doppler time. If it is 
technically impossible to get good duplex images, the 
sonographer must search up and down the medial as-
pect of the external iliac artery until the proper signal 
is obtained (Fig 27-4). Color fl ow can aid in quick ves-
sel identifi cation. 

 In early pregnancy and in nonpregnant women, 
the uterine artery waveform has a notch at the be-
ginning of the diastolic phase of the cardiac cycle. A 
true notch represents a deceleration of at least 50 Hz 
below the maximum diastolic velocities and rarely 
occurs after the 20th week of gestation. In nonpreg-
nant women and in early pregnancy, the uterine ar-
tery waveform has a high pulsatility with reduced 
diastolic velocity. In the second trimester there is a 
decrease in impedance that continues until 24 weeks’ 

Pulsed Wave Spectral Appearance

Location Sampling Location Normal Waveform Abnormal Waveform

Umbilical artery Cord insertion—placenta and
 fetus; midcord

Low resistance above the 
  baseline

High resistance with no or little
  end diastolic fl ow; possible 

fl ow reversal
Umbilical vein Fetal abdomen; free fl oating 

 cord
Constant; non-pulsatile Flow fl uctuation/pulsations

Uterine artery Lateral to the uterus at the level 
 of the external iliac artery

First trimester—Diastolic notch; 
  second trimester—low 

resistance

Persistent notch after the fi rst
 trimester

Fetal descending
 aorta

 Level of the diaphragm First trimester—absent end-
 diastolic fl ow; second/third 
 trimester—diastolic fl ow

Increase in PI due to absent 
 end-diastolic fl ow

Inferior vena cava Entrance of the right atrium Triphasic Pulsatile
Ductus venosus Midsagittal above the umbilical 

 sinus; upper fetal abdomen
Triphasic; higher velocity than 
 the IVC

Flow reversal increase

Middle cerebral 
 artery

Anterior to the thalamus High resistance decreases with 
 fetal age

Marked decreased resistance; 
 increase in fl ow volume

Internal carotid 
 artery

Proximal or mid-internal carotid 
 artery

Low resistance Increased resistance

TABLE 24-3
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 Ductus Venosus 
 The fetal ductus venosus functions exclusively in the 
fetal circulation. It forms a shunt between the umbil-
ical vein and the IVC, allowing blood to bypass the 
hepatic circulation (Fig. 24-11). Approximately 50% 
of umbilical blood fl ow passes through the ductus ve-
nosus; the remainder enters the hepatic-portal venous 
system and passes through the hepatic vasculature. 27  
The fetal liver receives its blood supply not only from 
the umbilical vein, but also from the portal vein and 
hepatic artery. The umbilical venous blood fl ow con-
tributes approximately 75% to 80% of total blood sup-
ply of the liver. The other 15% to 20% come from the 

there is rapid deceleration. There is no reversal of fl ow 
during diastole in normal fetuses. At 12 to 13 weeks, 
there is absent end-diastolic blood fl ow. Diastolic fl ow 
gradually appears, suggesting a lowering of systemic vas-
cular resistance. After 17 to 18 weeks, there is no signifi -
cant decrease in the PI with advancing gestational age. 
The S/D, RI, and PI show little change in the third tri-
mester, except for a slight increase in end-diastolic fl ow. 
The aortic blood fl ow velocity changes with increasing 
distance from the fetal heart. 33  This index is affected 
signifi cantly by changes in the fetal heart rate and fetal 
behavioral state such as fetal breathing; therefore, sam-
pling should not be done during these times. In growth-
restricted fetuses, the PI is increased. 34  There is an ad-
verse fetal outcome in fetuses with absent end-diastolic 
velocity compared to fetuses with normal blood fl ow. 35  

 Inferior Vena Cava 
 In the fetal inferior vena cava (IVC), blood fl ows in three 
phases. This is demonstrated in the Doppler waveform. 
The fi rst spike is consistent with systole because forward 
fl ow occurs when the atrium relaxes. During diastole, a 
second peak occurs as the atrioventricular valves open. 
The third phase is characterized by reverse fl ow during 
late diastole. In a healthy fetus there is a signifi cant de-
crease of reverse fl ow as the gestational age advances. 

 The IVC Doppler sampling should be taken immedi-
ately distal to its widening, which is its entrance into 
the right atrium. This site allows a truer sample of the 
IVC to be taken without reverberation interference 
from the adjacent hepatic veins and ductus venosus 
(Fig. 24-10) .

 In a normal, healthy fetus, the highest peak and 
time–velocity integral occur during systole, followed by a 
smaller peak and time–velocity integral during diastole. 
The pulsatility of blood fl ow increases in fetal hypoxia. 

Figure 24-9 The normal waveform in the fetal descending aorta 
demonstrates a rapid deceleration from peak systole to end dias-
tole. The color reference image uses CPA. (Sonographic image cour-
tesy of GE Healthcare, Wauwatosa, WI.)

Figure 24-10 Normal triphasic fl ow seen in the IVS proximal to termi-
nation into the right atrium. To separate the waveform peaks, this image 
uses a faster sweep speed and has a decreased 2D reference image. 
1, systole; 2, atrioventricular valves opening; 3, late diastole reverse fl ow.

Figure 24-11 A DCPA sagittal image of the late fi rst trimester fetal 
abdomen demonstrating the connection of the ductus and the um-
bilical vein (UV). To determine the type of color mode used to obtain 
an image, check the color bar. This color bar lacks the velocity unit 
(cm/s), indicating that the color mode is DCPA. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)
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portal venous blood fl ow, and hepatic arterial blood 
fl ow from the aorta is about 4% to 5%. 27  The ductus 
venosus Doppler waveform should be sampled mid-
sagitally immediately above the umbilical sinus or 
obliquely, transecting the upper fetal abdomen. The 
characteristic waveform has the classic triphasic pat-
tern that is also seen in the IVC. The ductus venosus 
and IVC waveforms both have triphasic patterns but 
are differentiated from each other fi rst by the location 
of the Doppler sampling site and second by the wave-
form architecture itself. The ductus venosus waveform 
has a high diastolic fl ow component, whereas the IVC 
does not. The waveform pattern has a systolic and 
early diastolic forward component with a late diastolic 
reverse component. Because the ductus venosus has a 
narrow lumen, it can demonstrate very high velocities. 
The average velocity in the ductus venosus is approxi-
mately three to four times higher than in the IVC and 
umbilical vein. Blood fl ow velocities in the ductus ve-
nosus increase with advancing gestational age (Fig. 24-
12). When evaluating the waveform, the sonographer 
should look at the peak systolic velocity, minimum ve-
locity during atrial contractions, and time-average ve-
locity. There will be an increase in reversal of fl ow in 
diastole with fetal hypoxia or heart failure. 

 Cerebral Blood Flow 
 In a normal pregnancy, there is continuous forward fl ow 
in the fetal middle cerebral artery throughout the cardi-
ac cycle. The middle cerebral artery (MCA) is the main 
lateral branch of the circle of Willis. This high-resistance 
circulation results in a high Doppler reading in a normal 
fetus, which is actually the opposite of the case in other 
fetal vessels. With fetal growth restriction, there is a 
marked increase in internal carotid resistance and a de-
crease in cerebral resistance. 36  This decrease in cerebral 
resistance results in a low Doppler ratio. Intrauterine 

asphyxia alters blood fl ow to the fetal organs and brain, 
which may ultimately cause brain damage. 

 To sample the middle cerebral artery, fi rst obtain an 
image at the biparietal diameter level using duplex so-
nography. The middle cerebral artery appears anterior 
to the thalamus on either side of the midline. This is 
the level of bifurcation into the middle and anterior ce-
rebral arteries (Fig. 24-13). In normal pregnancy, the 
middle cerebral S/D ratio and PI decrease with advanc-
ing gestational age, signifying decreasing resistance. 
In the face of IUGR and hypoxic stress (fetal anemia), 
a drop in the middle cerebral S/D ratio and PI signify a 
marked decrease in resistance, and perhaps increased 
blood fl ow to the brain. This is believed to be a brain-
sparing effect (Fig. 24-14). 

Figure 24-12 Ductus venosus blood fl ow pattern in a normal fetus 
with the characteristic triphasic pattern. The fi rst spike represents 
 ventricular systole, the second is a result of ventricular diastole, and 
the sudden dip coincides with atrial systole. Also notice that there 
is high forward fl ow throughout the entire cardiac cycle. (Image 
 courtesy of Philips Medical Systems, Bothell, WA.)

Figure 24-13 A: Diagrammatic representation and (B) sonographic representation of the Doppler sampling site for the middle cerebral arte-
rial (MCA) waveform. Either vessel provides the appropriate waveform for measurement. Reducing the color Doppler region of interest (ROI) 
increases sensitivity because of the decreased sample area. A, anterior; P, posterior; MCA, arrows. (Image courtesy of Philips Medical Systems, 
Bothell, WA.)
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 IDENTIFYING PLACENTAL AND FETAL 
INSERTION 
 Investigators have noted the clinical signifi cance of the 
effect of waveform sampling site on Doppler ratios. This 
is more pronounced in the fetal umbilical circulation than 
in the maternal uterine circulation. The uterine circula-
tion is composed of multiple vessels that branch and are 
fed by collateral vessels, whereas the umbilical circulation 
consists of the umbilical cord itself. Because resistance to 
blood fl ow is greater at the fetal umbilical cord insertion 
than at the placental cord insertion, 26  it is important to 
obtain a fetal umbilical waveform sample as close to the 
placental cord insertion as possible (Fig. 24-15). 

 Several theories might explain the lower ratio at the 
placental cord insertion than at the fetal cord site. One 
is that the changes in arterial diameter or wall elastic-
ity may alter the waveform. Another is that pressure 
changes across the fetal abdominal wall lead to changes 
in resistance. The third explanation is that the decrease 
in the ratio may be the result of dampening and attenu-
ation of the propagated wave. If the sampling location 
is not known and ratios are high, the examiner should 
take multiple samples at different locations along the 
cord to see whether the results are consistent. The ac-
curacy of Doppler measurements depends on consis-
tent and uniform measurement techniques. 

 FUTURE DIRECTIONS 
 Doppler ultrasound has become routine in surveillance 
and management of the at-risk fetus for poor perina-
tal or neonatal outcome. Since Doppler has been in-
troduced, various investigators have acknowledged its 
usefulness as a screening tool to aid in the prediction 
of subsequent pregnancy complications. 43–45,22,29,46  Very 
high umbilical S/D ratios, absent end-diastolic fl ow, 
and complete reversal of fl ow have been associated 
with fetal and neonatal death. 47–50  

 Doppler ultrasound has shown that in fetuses with 
asymmetric IUGR, vascular resistance increases in the 
aorta and umbilical artery and decreases in the middle 
cerebral artery. This phenomenon ensures blood fl ow 
to the brain at the expense of the extremities, reinforc-
ing the head-sparing theory. Increased vascular resis-
tance is refl ected by diminished or absent umbilical 
diastolic fl ow, leading to an increased S/D ratio or PI. 

 FACTORS THAT AFFECT WAVEFORMS 
 Most investigators perform fetal Doppler studies with 
the patient supine or semirecumbent. According to Mar-
sal and colleagues, 25  the patient should be semirecum-
bent to avoid supine hypotension. When fetal breathing 
occurs, fl ow patterns in the umbilical vein and artery 
are modulated. This is because the increase in tracheal 
or intrapleural pressure increases venous return to the 
heart. Fetal breathing may be associated with an irregu-
lar heart rate, owing to respiratory sinus arrhythmia. 
Doppler sampling should not be performed during epi-
sodes of fetal breathing movements. 

 Because fetal blood fl ow is affected by irregulari-
ties in the fetal heart rate pattern, Doppler examination 
should not be performed during episodes of fetal bra-
dycardia or tachycardia. Normal waveforms are altered 
by changes in heart rate or rhythm. With extrasystolic 
beats, there is a lower peak and mean velocity. The fi rst 
postextrasystolic beat shows an increase in blood veloc-
ity that does not fully compensate for the extrasystolic 
beat. Compensation does occur, however, over the next 
three or four beats. 37,25  

 The infl uence of pharmacologic agents on uter-
ine and fetal blood fl ow is variable and controversial. 
Joupilla and others have observed no major change in 
umbilical vein fl ow associated with the mother’s smok-
ing or being administered oxygen, caffeine, labetalol, 
alcohol, or anesthesia. 38–41,3  Medications that alter heart 
rate, such as  � -mimetics (ritodrine, terbutaline) used 
for tocolysis, may lower Doppler S/D ratios in the fetal 
aorta and uterine artery, thus confusing interpretation 
of the waveforms. 42  

Figure 24-14 A normal fetal middle cerebral artery waveform. The 
fetal middle cerebral artery is normally a high-resistance circuit. Note 
the normally high systolic peaks and the low diastolic trough. In the 
face of fetal growth restriction or hypoxic stress, the fetal mechanism 
of brain sparing takes effect in an effort to protect and conserve the 
fetal brain, and blood shunts away from vital organs and is sent to 
the fetal brain, thereby creating a low-resistance circuit. (Image cour-
tesy of Philips Medical Systems, Bothell, WA.)

 PATHOLOGY BOX 24-2 

 Factors Affecting the Spectral Waveform 

 Patient position 
 Fetal and/or maternal breathing 
 Fetal cardiac arrhythmias 
 Maternal ingestion of pharmacologic agents 
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A B

C

Figure 24-15 Normal duplex sonogram measurements demonstrate 
the differences in umbilical artery Doppler waveforms due to sampling 
site. A,B: At the abdominal insert and with a section of free-fl oating 
cord, the RI is 0.74 and the S/D ratio is 3.8. C: At the placental cord 
insertion, the RI is 0.65 and the S/D ratio is 2.9. These images use a 
faster sweep speed, allowing for visualization of the waveform. The 
automatic tracing decreases inter- and intraoperator measurement 
variation.

studies will help the clinician to take better care of the 
fetus and provide a noninvasive means of studying the 
pathophysiology of disease states. 

 SUMMARY 
 • The Doppler spatial peak-temporal average intensity 

(SPTA) should be less than 94 mW/cm 2  in situ. 

 • Continuous-wave transducers send and receive unin-
terrupted sound waves. 

 • Short bursts of ultrasound energy at regular intervals 
describes pulsed wave. 

 • Duplex imaging includes both 2D gray-scale imaging 
and a spectral tracing. 

 • Triplex imaging adds a color mode to the 2D gray-
scale image and spectral tracing. 

 • The optimal angle of insonation for fetal Doppler is 
between 30 to 60 degrees. 

 • Aliasing with pulsed wave is due to exceeding the 
Nyquist limiting pulse repetition frequency. 

Extreme cases of elevated resistance causing absent or 
reversed umbilical end-diastolic fl ow velocity wave-
forms are associated with high rates of morbidity and 
mortality. 48  

 It is just as important to evaluate the maternal ves-
sels as it is to evaluate the fetal side of the circulation. 
Abnormal waveform readings can be early signs of a 
predisposing condition and should not be ignored. 30,51–53  
The fi nding of an abnormal fetal or uterine waveform 
necessitates careful monitoring, which should include 
repeated Doppler examinations, growth scans, and tests 
of fetal well-being. These tests may be suggested to the 
attending obstetrician. 

 The advent of duplex Doppler sonography permits 
the sonographer to be very specifi c as to which vessels 
to study. Vessels from the umbilical cord to the intricate 
circle of Willis have been studied. Technology has now 
made it possible to study vessels with very low fl ow. 
Color fl ow mapping and color power Doppler have 
helped further our understanding of the complicated 
fetal circulatory pathways—not only of the vessels but 
of the organs they supply. It is anticipated that Doppler 
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 • Color modes are the translation of the Doppler signal 
into a color overlay on the gray-scale image. 

 • The S/D ratio, RI, and PI give an angle-dependent, 
quantitative measure to the spectral tracing. 

 • Resistance and waveform appearances differ depend-
ing on gestational age, location, and maternal factors 

 • Averaging of multiple Doppler measurements allows 
for higher accuracy of quantitative values. 
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 25  The Biophysical Profi le
 Meredith O. Cruz and Isabelle Wilkins 

 KEY TERMS 

 biophysical profi le (BPP)  |  antepartum testing  |  antepartum surveillance  |  
cardiotocographic  |  nonstress test (NST)  |  vibroacoustic stimulation  |  false positive  |  
false negative  |  hypoxemia  |  oxytocin challenge test (OCT)  |  amniotic fl uid volume 
(AFV)  |  amniotic fl uid index (AFI) 

 OBJECTIVES 

 Discuss the rationale for antepartum testing, nonstress tests 

 Explain the development of the biophysical profi le (BPP) 

 List the components of the biophysical profi le 

 Describe the scoring method for the BPP 

 Associate changes in fetal behavior to gestational age 

 Identify factors affecting the BPP score 

 Interpret the biophysical profi le 

 Associate fetal physiology to biophysical activity changes 

 Recognize the clinical applications of the biophysical profi le 

 GLOSSARY 

 Acidosis Blood pH below 7 resulting from an increase 
in hydrogen concentrations due to impaired blood sup-
ply to the fetus 

 Amniotic fl uid index (AFI) Rough estimate of the fl uid 
surrounding the fetus obtained through the measure-
ment of four pockets of amniotic fl uid, one from each of 
the abdominal quadrants 

 Amniotic fl uid volume (AFV) Amount of fl uid within 
the amniotic sac surrounding the fetus; the AFI is an 
estimate of this amount 

 Asphyxia Decrease in oxygen content of the blood ac-
companied by an increase in carbon dioxide 

 Biophysical profi le (BPP) Monitoring of fetal activity 
to include breathing movements, discrete movements, 
tone, and fl uid surrounding the fetus accompanied by 
an NST 

 Cardiotocographic (CTG) Technique of concurrently 
recording the fetal heartbeat and uterine contractions 

 False negative Incorrect negative test result when the 
state being tested is present. Example: The fetus reacts 

during a BPP; however, there is fetal compromise due to 
acidosis 

 False positive Positive result when the state being 
tested is absent. Example: Nonreactive BPP due to fetal 
sleep cycles 

 Hypercapnia Abnormally high level of circulating 
carbon dioxide 

 Hypoxemia Reduced blood oxygen levels 

 Modifi ed biophysical profi le (mBPP) Prenatal testing 
including only the NST and AFI 

 nonstress test (NST) 

 Oligohydramnios Low fl uid surrounding the fetus 

 Oxytocin challenge test (OCT) Intravenous injec-
tion of oxytocin causing the uterus to contract; moni-
toring of the fetal reaction to uterine contractions 
aims to determine how the fetus reacts to environ-
mental stress 

 pH Measure of alkalinity or acidity of the blood: 7 is 
neutral, greater than 7 is alkaline, less than 7 is acidic 
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option if the results of testing are worrisome. This also 
means that it is never used at early gestational ages be-
fore fetal viability, and the vast majority of the data de-
scribing the use and applicability is from fetuses in the 
latter part of the third trimester. 

 CARDIOTOCOGRAPHIC METHODS 

 Electronic fetal heart rate monitoring, in the form of the 
nonstress test (NST) or oxytocin challenge test (OCT), 
are frequently used methods for fetal surveillance. These 
tests monitor the fetal heart rate in relation to uterine 
contractions, either spontaneous (NST) or induced 
(OCT). Decelerations of the fetal heart rate late in the 
contraction cycle help identify fetal mortality risk. The 
negative test demonstrates normal fetal heart rates with 
three uterine contractions in a 10-minute period. How-
ever, the use of only the fetal heart rate for fetal health 
evaluation limits testing and results in high false-positive 
rates. 4  That is, a relatively high proportion of healthy 
 fetuses have a nonreactive NST. 6  

 The OCT has much lower rates of false positives and 
false negatives. However, this cumbersome test requires 
careful infusion of intravenous oxytocin and usually 
takes several hours to complete. 4  

 THE BIOPHYSICAL PROFILE 

 The development of real-time ultrasound made it possi-
ble to perform noninvasive, in utero observations of the 
fetus to evaluate its state of health. The BPP provides 
a more complete evaluation of the state of fetal health 
and addresses parameters of fetal well-being other than 
heart rate. There is a lower false-positive rate than the 
NST and a comparably low false-negative rate to the 
OCT. For most obstetrical clinics and inpatient units, 
with the widespread availability of ultrasound scan-
ning, the BPP is a good alternative form of testing to the 
two established forms using electronic fetal monitors. 

 FETAL BIOPHYSICAL COMPONENTS 
 The components of the fetal BPP include observations 
of fetal breathing movements, gross fetal body move-
ments, fetal tone, amniotic fl uid volume, and the NST 
during the same observation period. Except for the NST, 
all variables are recorded using real-time ultrasound. 
These variables are initiated and regulated by the fetal 
central nervous system (CNS), and it is thought that the 
presence of any given variable is indirect evidence of 
hypoxia or acidemia. 4  

 FETAL BREATHING 

 Fetal breathing can be visualized by obtaining a longi-
tudinal sectional view with a real-time scanner. These 
movements consist of spontaneous movement of the 
diaphragm in a caudad-cephalad direction, leading to 

 D irect observation of a patient is a vital part of the 
clinician’s examination. In the last 100 years, the ob-
servation of in utero activity led to the scientifi c study 
of fetal movements and breathing. Ultrasound allows 
the direct observation of qualitative, as well as quan-
titative, aspects of fetal motor behavior throughout the 
course of pregnancy. The visualization of fetal activity 
in terms of the current status of that activity, as well as 
its development, has proven vital to the assessment of 
fetal condition. Clinical investigation demonstrates the 
presence of fetal physiologic processes. These param-
eters allow the clinician to determine the fetal risk for 
mortality and take appropriate action. 

 Maternal perception of fetal movements has been the 
main determinant in assessing fetal well-being throughout 
history. The fi rst written record of fetal movement can be 
found in the Bible, where the twins of Rebecca “struggled 
together within her.” 1  Studies evaluated fetal development 
through maternally perceived fetal movements in the sec-
ond half of pregnancy. Studies of fetal movement timing 
demonstrated movement of delivered 20-week fetuses. 2,3  
To this day, maternal perception of fetal movements is 
an important aspect of prenatal care and concern, as any 
decrease is a common reason for a visit to an obstetrical 
emergency center. Using maternally monitored fetal “kick 
counts” is an accepted and scientifi cally valid way of as-
sessing fetal well-being in the third trimester. 4  

 Real-time ultrasound has made it possible to ob-
serve the fetus in a noninvasive manner to evaluate its 
state of health. In 1980, Manning and colleagues de-
veloped the biophysical profi le (BPP) for evaluation of 
fetal health and to identify those at risk. 5  The method 
described used fi ve observations to determine fetal 
well-being: spontaneous breathing, overall body move-
ments, tone, heart rate changes, and urine output mea-
sured through the amniotic fl uid volume (AFV). The 
BPP has been shown to be very sensitive in predicting 
acute fetal compromise as well as identifying normally 
oxygenated fetuses. 6  

 This chapter reviews the technical issues in perform-
ing a BPP, the principles of antenatal surveillance, and 
clinical application in the determination of fetal well-
being. When properly used, careful interpretation of the 
BPP allows for informed diagnosis and development of 
management plans concerning the ongoing pregnancy 
and timely delivery of the fetus. 

 ANTEPARTUM TESTING 
 RATIONALE FOR PERFORMANCE 

 Antepartum testing is a method developed to detect fetal 
asphyxia. This has a wide application in high-risk preg-
nancies, particularly in fetuses at risk for in utero demise. 
In almost all circumstances, the testing is used to deter-
mine whether a fetus should be delivered or  allowed to 
remain in utero. Therefore, this testing is only indicated 
in pregnancies in which delivery would be a reasonable 
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20th weeks of gestation. 8  The study of fetal movements 
in pregnancy is important in that they refl ect the develop-
ment of the fetal CNS. As such, fetal motor activity can be 
seen as a function controlled by the CNS and can refl ect 
both the neural development and possible disturbances in 
the CNS. 9  

 Gross fetal movements are considered present if three 
or more rolling movements of the trunk are observed 
within a 30-minute observation period (Fig.  25-2). Move-
ments may be obtained via a longitudinal or transverse 
sectional view; however, a survey of gross fetal move-
ments would likely be easier to observe in a view with 
the transducer along the longitudinal axis of the limbs. 
Other movements in this category that count include 
large limb movements, face and hand movements, and 
swallowing. 10  

 FETAL TONE 

 Fetal tone is considered normal if at least one episode 
of extension of extremities with return to position of 
fl exion, or extension of spine with return to position 
of fl exion, is visualized in the 30-minute observation 
period. 9  As suggested with gross fetal movements, fetal 
tone can also be observed in any orientation as long as 
the extremities are well visualized (Fig. 25-3). 

 AMNIOTIC FLUID VOLUME 

 This parameter is a direct measure of the fetus and 
placenta, while the preceding observations related to 
the fetal CNS. 9  Quantifi cation of the amniotic fl uid vol-
ume (AFV) is an area of some variation in practice. The 
BPP was originally described with AFV determined by 
measurement of the largest vertical pocket of amniotic 
fl uid; a pocket of 2 centimeters (cm) was considered 
adequate. Since that time, the standard for measuring 
AFV by ultrasound in general has changed, and the 

an inward movement of the anterior chest wall and a si-
multaneous outward movement of the anterior abdomi-
nal wall. 7  The suggested plane for assessing breathing 
movements can be seen in Figure 25-1. An alternate 
observation is the caudad-cephalad movement of the 
kidneys. 8  The presence of at least one episode of sus-
tained fetal breathing of at least 30 seconds’ duration 
(with breath-to-breath intervals of less than 6 seconds) 
within a 30-minute observation period is required to 
satisfy the breathing requirement of the BPP. Shorter 
breathing episodes fail to meet this criterion. 

 FETAL MOVEMENTS 

 Motor behavior of the fetus, including both fetal move-
ments and breathing movements, has been demon strated 
to be a normal fetal function throughout the course of 
pregnancy. Quickening is the fi rst maternal perception of 
fetal movement and usually occurs between the 16th and 

 Figure 25-1 The sagittal plane through the chest and abdomen 
 allows for observation of diaphragmatic movement as well as chest 
and abdominal changes.  S,  stomach;  H,  heart;  D,  diaphragm. 

A B
 Figure 25-2  A:  Image demonstrating the fetal abdomen at the level of the kidneys with the spine to the anterior maternal abdomen.  B:  The 
fetus rolled clockwise on this image taken at the level of the abdominal circumference level. This rolling movement occurred multiple times 
during the exam. 
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 This method was fi rst suggested by Phelan, who sug-
gested that an AFI of 5.0 cm or less is indicative of oli-
gohydramnios. 10,11  The AFI has replaced measurement 
of the deepest vertical pocket of amniotic fl uid in most 
practices, though either of these methods of amniotic 
fl uid assessment may be used, and there is data to sup-
port each (Fig. 25-6). 12–14  

 PUTTING IT ALL TOGETHER 
 SCORING 

 In general, measurements of the BPP parameters have 
been made as objective as possible to eliminate the pos-
sibility of any qualitative judgments in assessment of 
the fetus. Each biophysical variable is coded as normal 
whenever fi xed criteria are reached, regardless of the 
duration of observation, up to a maximum of 30 min-
utes for the ultrasound variables, and up to 40 minutes 
when determining fetal heart rate reactivity. An arbi-
trary score of 2 is given if a variable is normal, and 0 
is given if a variable is abnormal. The fetal BPP score 
is the result of adding each score of all fi ve  variables. 

amniotic fl uid index (AFI) is commonly used through-
out the third trimester to objectively assess this. 

 The AFI is determined by dividing the maternal abdo-
men into four quadrants, using the umbilicus and linea 
nigra as the horizontal and vertical reference points of 
division, respectively (Fig. 25-4). While holding the ul-
trasound transducer perpendicular to the fl oor (if the 
patient is supine), the vertical diameter of the largest 
 pocket of amniotic fl uid in each quadrant is identifi ed 
and measured. 9  These measurements should be taken in 
cord loop–free pockets of amniotic fl uid. These aspects 
of the measure ment technique for AFV assessment are 
identical, whether measuring a single deepest pocket or 
the AFI. In the case of the AFI, the numbers from each 
quadrant are summed and the total reported (Fig. 25-5). 
The four quadrants should be obtained in sequence 
within a few minutes, so that the fl uid does not shift 
from one to quadrant to another as the fetus moves. 

 Figure 25-3 The right leg extended (A) and quickly fl exed  (B) . 

A B

RUQ

LLQ

LUQ

RLQ

 Figure 25-4 The linea nigra, a horizontal line extending from the 
sternum to the symphysis pubis, divides the abdomen into right and 
left sections. A perpendicular line bisecting the umbilicus designates 
the upper and lower halves of the abdomen. These two lines create 
the four quadrants used to measure the AFI. 

 Figure 25-5 An example of a right upper quadrant horizontal mea-
surement of a fl uid pocket. The use of color Doppler ensures the 
pocket is free of cord. 
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clinical circumstances, further surveillance is usually 
ordered and the profi le repeated within 24 hours. A 
score of 4, 2, or 0 is indicative of fetal compromise 
and mortality, resulting in consideration of delivery 
of the fetus. 4  

 A deviation from this system applies in the case 
of oligohydramnios. Oligohydramnios should prompt 
further evaluation, even if the remaining biophysical 
 parameters are reassuring. 4  At term, this will almost 

The characteristics of the BPP are summarized in 
 Table 25-1. 

 The highest possible score obtainable is 10; the 
lowest score that can be observed when all the pa-
rameters are abnormal is 0. 4  A combined score of 8 
or 10 is regarded as normal. An equivocal score of 6 
indicates the need for further evaluation. For example, 
in the postterm fetus, this will usually prompt deliv-
ery. However, if this is not a preferred option in the 

 Figure 25-6 An example of an equipment-generated 
obstetric report for an AFI. 

 TABLE 25-1 

 Biophysical Profi le Scoring 

 Variable Score 2 Score 0 

Nonstress test (may be omitted Presence of two or more fetal heart rate No acceleration or less than two
 without compromising validity if all  accelerations of at least 15 beats per  accelerations of the fetal heart 
 four components of ultrasound  minute lasting at least 15 seconds and  rate in 40 minutes of observation
   are present)41  associated with fetal movement in 
  40 minutes 
Fetal breathing movements Presence of at least one episode of  Absence of fetal breathing or the
  sustained fetal breathing of at least  absence of an episode of 
  30 seconds’ duration within a  breathing of at least 
  30-minute observation period  30 seconds’ duration during a
   30-minute observation period
Fetal movements Three or more gross discrete body or Two or less gross body 
  limb movements in 30 minutes  movements in 30 minutes
  of observation   of observation
Fetal tone One or more episodes of extension of a  Extremities in position of 
  fetal extremity with return to fl exion,  extension or partial fl exion.
  or opening or closing of a hand  Spine in position of extension.
   Fetal movement not followed 
   by return to fl exion
Qualitative amniotic fl uid volume Largest vertical pocket of amniotic fl uid Largest vertical pocket of amniotic
  �2 cm or amniotic fl uid index �5  fl uid �2 cm or AFI �4
Maximum score 10
 Minimum score  0 
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 FETAL STIMULATION 

 Although the reactive NST has been found to be a safe 
and reliable indicator of fetal well-being, a nonreactive 
NST is a less sensitive indicator of fetal compromise. Epi-
sodes of nonreactivity are often related to fetal behav-
ioral state. One of the problems with antepartum fetal 
heart rate testing is the diffi culty in separating healthy 
fetuses at rest from sick fetuses who are not moving be-
cause of asphyxia. In other words, the false-positive rate 
(where “positive” means a nonreactive test) is high, but 
the false-negative rate is quite low. 

 Some practitioners attempt to decrease this high 
false-positive rate by stimulating the fetus, theoretical-
ly, to “waken” it from its sleep state. Various attempts 
to stimulate the fetus have mixed success. These in-
clude the administration of orange juice to the mother 
before testing and manual manipulation of the mater-
nal abdomen. 17  

certainly prompt delivery, but in the preterm fetus, 
other surveillance may be instituted depending on the 
underlying fetal and maternal condition. 

 MODIFIED BPP 

 Alternatives to the BPP are the modifi ed BPP or sim-
ply the BPP alone without the NST. As the BPP would 
score an 8 if all parameters are reassuring, the NST is 
not strictly necessary to obtain a normal score. Alterna-
tively, many centers use a modifi ed BPP (mBPP). The 
mBPP refers to an NST plus AFI. The rationale for this 
modifi cation is that these two biophysical parameters 
refl ect both acute fetal oxygenation and acid-base bal-
ance (NST) and chronic fetal oxygenation (AFV). 10  The 
NST is believed to be the fi rst component affected by 
hypoxia, while AFV decreases gradually when perfu-
sion to the brain and heart is increased and renal blood 
fl ow is reduced. 9,15  

 The criteria for reactivity and amniotic fl uid vol-
ume assessment when using an mBPP are similar to 
that of the BPP. If the mBPP is equivocal or positive 
(i.e., nonreactive NST or abnormal AFI), then the 
 remainder of the BPP is performed. Multiple observa-
tional and retrospective studies exist that suggest that 
the mBPP has effi cacy similar to the OCT and BPP, 
with perinatal morbidity and mortality  comparing 
 favorably. 10,16,17  

 NONSTRESS TEST 
 DESCRIPTION AND DEFINITIONS 

 During a nonstress test, uterine contractions and fe-
tal heart rate monitoring occurs through the use of a 
cardiotocometer and Doppler. 9  The patient presses a 
marker whenever she observes fetal movement. The 
cardiotocometer records a pattern of fetal heart rate; 
this includes both a baseline heart rate and any period-
ic changes, in particular accelerations or decelerations 
from the baseline rate. 

 A standard defi nition of a reactive NST is the occur-
rence of two accelerations within a 20-minute period. 
An acceleration is defi ned as an increase of the fetal 
heart rate over the baseline of at least 15 beats per min-
ute and lasting at least 15 seconds associated with fetal 
movement (Fig. 25-7). 4,9  

 As the occurrence of accelerations is in part a func-
tion of maturation of the fetal sympathetic nervous 
system, different criteria are used below 32 weeks of 
gestation. In that case, an acceleration is defi ned as an 
increase of fetal heart rate over the baseline of at least 
10 beats per minute and lasting at least 10 seconds. 4  

 In general, if the test is not reactive within 20 minutes, 
it is continued for one more 20-minute period. Failure to 
demonstrate a reactive pattern resulting from either lack 
of accelerations with movement or lack of fetal move-
ment is termed a nonreactive NST. 

 Figure 25-7 The bottom graph indicates uterine contractions; the 
top is the fetal heart rate. The top graph indicates a deceleration 
concurrent with the uterine contraction. Early decelerations are con-
sidered benign, and there are no adverse effects. The middle graph 
demonstrates random fetal heart decelerations, which are due to 
umbilical cord compression. As the umbilical vein compresses, ve-
nous return decreases, hypovolemia begins, and the fetal heart rate 
increases. On the bottom graph, the deceleration occurs after the 
uterine contraction. This pattern is the result of inadequate utero-
placental oxygen transfer during contractions. Note: Fetal heart rate 
acceleration result in the graph moving the opposite direction as the 
deceleration. 4  
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stimulation, however, can cause a decrease in fetal 
breathing movements that can persist for up to an hour 
after the stimulus. 20,21  

 COMPONENTS OF BPP ACROSS 
GESTATIONAL AGE 
 FETAL MOVEMENTS 

 DeVries and associates examined qualitative aspects 
of the development of fetal movement and determined 
a specifi c sequence of emergence of the movements 
evident in all fetuses studied (Table 25-2). 22  All move-
ments that could be identifi ed in the term fetus were 
present by the age of 15 weeks. The morphologic ap-
pearance of movement patterns has little variance 

 In the same vein, vibroacoustic stimulation can be 
performed as an adjunct to improve the effi cacy of an-
tepartum fetal heart rate testing. On stimulation with 
sound, the fetus responds with a signifi cant increase 
in fetal movements associated with a corresponding in-
crease in basal fetal heart rate and fetal heart rate ac-
celerations. 18,19  In practice, this stimulus is generated by 
an artifi cial larynx or a similar commercially produced 
device. When it is applied to the maternal abdomen, the 
well-oxygenated fetus reacts with a startle response. 

 Several studies have reported that the use of vibro-
acoustic stimulation results in a signifi cant reduction 
in the number of nonreactive NSTs and a decrease in 
the time required for a reactive test to occur. 4  Reactivity 
achieved with stimulation has a predictive value equal 
to that of a spontaneously reactive NST. Vibroacoustic 

 TABLE 25-2 

 Classifi cation and Week of Onset of Fetal Movements 

DEVRIES, ET AL., 1982 27 BIRNHOLZ, ET AL., 1978 50 IANNIRUBERTO AND TAJANI, 1981 51 

Week of 
onset Movements

Week of 
onset Movements

Week of 
onset Movements

7 Just-discernible movements 7–16 Twitch 6–7 Vermicular movements

8 Startle extension
General movements trunk 
 and limbs

10–12 Independent limb
 movements

8–18 Jerky global fl exion and 
 extension

9 Hiccup
Isolated arm or leg 
  movement, independent 

movement of limbs
Isolated retrofl exion of head

14 Isolated rotation of head
Isolated fl exion of head
Isolated extension of 
 head

11–18 Jumps with change of lying
 position

9–10 Isolated rotation of head 12–16 Combined/repetitive 
 simultaneous or serial 
 movements of head, 
 trunk, and limbs

12–13 Isolated or independent 
 movements of limbs
Head rotation
Hands in contact with hand, 
 face, or mouth

10 Breathing movements
Isolated antefl exion of head
Hand-face contact face or
 mouth
Stretch
Rotation of embryo

16 Hand–face contact 13–14 Breathing movements
Opening of mouth
Swallowing

10–11 Jaw movements 24 Probable thumb sucking
Vigorous diaphragmatic
 excursions
Sudden rhythmic 
 diaphragm movements
Respiratory

16 Global extension

11 Yawn

12 Sucking and swallowing 22 Sudden rhythmic diaphragm
 movements

 (Modifi ed from DeVries JIP, Visser GH, Prechti HFR. Fetal mortality in the fi rst half of pregnancy.  Clin Develop Med . 1984;94:46–64.) 
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the number and incidence of movement as gestational 
age increases, as well as the association of typical fetal 
heart rate patterns with fetal movement. 24–28  These fac-
ets of movement can be related to the maturation of the 
CNS. Movement may have a diurnal pattern of motil-
ity. Twenty-four-hour observations of fetal movements 
have demonstrated that the 24- to 28-week fetus has an 
increase in the incidence of movement during the late 
night to early morning hours (11 p.m. to 8 a.m.). 24  The 
30- to 40-week fetus, however, has a more limited diur-
nal pattern in which an increase of movement is seen 
only from 9 p.m. to 1 a.m. 27  

 Correlation of fetal movements with fetal heart rate 
has been found as early as 20 to 22 weeks of gesta-
tion. 29  The interaction between movements and heart 
rate accelerations becomes more evident by 32 weeks’ 
gestation. The number and amplitude of fetal heart 
rate accelerations associated with movements increase 
as the fetus approaches 32 weeks. 27  It appears, there-
fore, that as the fetus nears this gestational age, there is 
an increasing probability that an NST will be reactive. 
Before this gestational age, an apparently nonreactive 
NST may merely be a function of gestational age and 
therefore CNS immaturity. 

throughout pregnancy once these patterns emerge 
(Table 25-3). 

 As discerned from these studies, the earliest move-
ment of the fetus can be appreciated as early as 6 weeks 
of gestation. By eight weeks, general movements of the 
limbs, trunk, and head can be identifi ed. Concomitant-
ly, a “startle” motion was seen in this period.  Hiccups 
were observed by nine weeks of gestation. Fetal breath-
ing movements, both regular and irregular in pattern, 
have been identifi ed as early as 10 weeks as solitary 
movements or in combination with jaw opening or swal-
lowing. Identifi cation of rotation of the fetus, as well as 
 active locomotion resulting in position change, is seen 
at 10 weeks. 

 Quantitatively, the very young fetus has been found 
gradually to increase the amount of time spent mov-
ing. By 11 weeks, the fetus moves approximately 21% to 
30% of the time observed, with a wide range of activity 
demonstrated between individual fetuses. 23  An increased 
number of movements occur in the younger fetus; how-
ever, these movements have a shorter duration than 
movements observed at a later gestational age. 24  

 Analysis of fetal movement patterns during the sec-
ond half of pregnancy is characterized by a decrease in 

TABLE 25-3

Classifi cation of Fetal Movement Patterns

Movement Description

Just-discernible movements Slow and small shifting of the fetal contour, lasting from 0.5 to 2 seconds
Startle  Quick, generalized movement always initiated in limbs and sometimes spreading to neck

 and trunk. Flexion or extension of limbs usually of large amplitude, but can be small or
 just discernible. Movements last about 1 second

General movements  Whole-body movement without a distinctive pattern or sequence of body part movement
Hiccups  Consists of a jerky contraction of diaphragm; abrupt displacement of diaphragm, thorax,

 and abdomen
Breathing movements  “Inspiration” consists of fl uent, simultaneous movement of diaphragm (caudal direction),

 leading to movements of thorax (inward) and abdomen (outward)
Isolated arm or leg movements  May be rapid or slow movements involving extension, fl exion, external and internal rotation,

 or abduction and adduction of an extremity without movements in other body parts
Isolated retrofl exion of the head  Displacement of the head can be small or large. Large movements may cause

 overextension of the fetal spine
Isolated rotation of the head  Head may turn from a midline position to one side and back; often associated with 

 hand–face contact
Isolated antefl exion of the head  Carried out at a slow velocity. Occurs independently or with hand–face contact, with

 observable sucking
Sucking and swallowing  Rhythmic bursts of regular jaw opening and closing at rate of about one per second may be

 followed by swallowing. Swallowing consists of displacements of tongue or larynx
Hand–face contact Hand slowly touches face and fi ngers frequently extend and fl ex
Stretch  Carried out at a slow speed. Consists of forceful extension of back, retrofl exion of head,

 and external rotation and elevation of arms
Yawn  Prolonged wide opening of jaws, followed by quick closure, often with retrofl exion of head

 and sometimes elevation of arms
Rotation of fetus  Rotation occurs around sagittal or transverse axis. Complex general moments change

 around transverse axis and include alternating leg movements. Leg movements with hip
 rotation or head followed by trunk around the longitudinal axis.

(DeVries JIP, Visser GHA, Prechtl HFR. The emergence of fetal behavior: I. qualitative aspects. Early Hum Dev. 1982;7:301–322.)
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 It has been established that the biophysical activities 
that appear fi rst during fetal life are the last to disap-
pear in the presence of fetal asphyxia or intra-amniotic 
infection. 7  The fi rst component of the BPP that becomes 
abnormal in the face of fetal hypoxia and acidemia is 
fetal heart rate reactivity, followed by fetal breathing. 
As fetal acidemia progresses, gross fetal body move-
ments become absent followed by decreased fetal tone. 7  
Therefore, one should be wary of a BPP in which the 
only abnormally scored parameter is tone, as this is 
likely an inaccurate fi nding. 7  

 FACTORS AFFECTING SCORES 

 In addition to fetal acidemia, other factors may have an 
effect on fetal breathing. Breathing movements increase 
during periods of hypercapnia, but decrease with ma-
ternal hyperventilation. 7  During maternal hypoxemia, 
cessation of fetal respirations occurs. 7  Fetal breathing 
movements can be reduced in other circumstances, 
such as after operative manipulation or after the inges-
tion of sedatives and alcohol. 7  

 Feeding a patient before an ultrasound examination 
has been suggested as a way of reducing false results, 
though this is not supported in clinical trials. 24,27   Cigarette 
smoking does not alter the incidence of fetal movements, 
though it does alter the pattern of movements, which 
should not affect the scoring. 34  Maternal caffeine use 
does not appear to have an effect on general fetal body 
movements. 35  A variety of fetal and maternal conditions 
affect amniotic fl uid volume, including certain medica-
tions (e.g., indomethacin), maternal diabetes, and ma-
ternal dehydration. 36  The effects of magnesium sulfate 
have also been studied by multiple groups. Overall, in-
vestigators have found a decrease in fetal heart rate re-
activity and fetal breathing movements but no change in 
fetal tone or amniotic fl uid volume. 37–39  

 PHYSIOLOGY 
 Because nervous tissue is highly dependent on adequate 
oxygenation, the presence or absence of these biophysi-
cal activities may refl ect the state of fetal oxygenation. It 
has been theorized that an asphyxial insult, regardless 

 OTHER BIOPHYSICAL PARAMETERS 

 Fetal breathing movements are considered essential for 
fetal lung growth and for preparation for extra uterine 
breathing. 30  Fetal respiratory activity permits both the 
skeletal and neuromuscular development of the respi-
ratory system to occur and enables the appropriate re-
spiratory epithelial development of the gas-exchanging 
surfaces of the lung. 31  

 Hiccups, also a diaphragmatic contraction, count 
as breathing movements if sustained for the requisite 
30-second duration. 10  Fetal hiccups have been rec-
ognized as early as 9 weeks, and their incidence is 
noted to decrease as gestational age advances. These 
movements consist of a jerky contraction of the fetal 
diaphragm. On sonographic scans, hiccups are seen as 
an abrupt displacement of the diaphragm, thorax, and 
abdomen. They may occur as single events, but most 
frequently follow each other in regular succession. 10  

 The earliest breathing movements involving regu-
lar movement of the diaphragm have been observed at 
10 weeks’ gestation, with a tendency for these move-
ments to have a regular pattern. Fetal breathing at this 
gestational age may be observed alone or in combina-
tion with jaw opening or swallowing, as well as with 
general body movements. 29  The incidence of breath-
ing  increases with maturity of the fetus; however, it 
dramatically decreases during labor and up to 3 days 
 before the initiation of labor. 32,33  

 INTERPRETING THE BPP 
 FALSE POSITIVE AND NEGATIVE RESULTS 

 Misinterpretation of the BPP may have serious conse-
quences in pregnancy. The greatest fear is assigning a 
reassuring score to a fetus that is hypoxic and could have 
benefi ted from more active intervention. On the other 
hand, a falsely worrisome score that results in the un-
necessary delivery of a healthy fetus, perhaps preterm, 
who was not in need of intervention, is also problematic. 
One must be aware of a number of variables that may 
affect the BPP in order to avoid inappropriate interpreta-
tion of results, resulting in possible preterm delivery or 
discharging a patient with a falsely reassuring result. 

PATHOLOGY BOX 25-1

Patterns of Fetal Breathing Movements

Pattern Characteristics of Patterns Rate

Regular Regular in rate and amplitude 40–60 breaths/min
Irregular Observed in the fetus �26 wk gestational age; 20–100 breaths/min
  highly irregular in rate and amplitude
Irregular slow Slow, large amplitude 6–20 breaths/min
Periodic accelerated Crescendo–decrescendo changes in rate and amplitude 30–90 breaths/min
Hiccups Irregular, intermittent, large-amplitude breaths;  20–60 breaths/min
  short duration of individual breaths
(Manning FM, Platt LD. Fetal breathing movements: antepartum monitoring of fetal condition. Clin Obstet Gynecol. 1979;6:335–349.)
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correlation between BPP score and umbilical venous 
pH. 4  A score of 0 out of 10 was always associated with 
a pH less than 7.20, and a score of 8 or 10 was always 
found to be associated with a pH greater than 7.25. 
Further, the umbilical venous pH fell signifi cantly as 
the BPP score fell. 

 Studies have been carried out on the usefulness of 
the BPP in specifi c high-risk conditions including twin 
gestations, 43  postdate pregnancy, 44  premature rupture 
of membranes, 45  diabetes mellitus, 36  and intrauterine 
growth restriction. 46  Studies by Lodeiro et al. have 
looked at the use of the BPP as an early predictor of 
fetal infection in patients with premature rupture of 
the membranes. 47  The absence of fetal breathing and 
a nonreactive NST were the fi rst signs of impending 
infection, whereas decreased tone and fetal movement 
were late manifestations of this obstetric complication. 

 One unresolved issue has been the interval for test-
ing. Most studies have used weekly testing, though 
more frequent intervals have been proposed for very 
high-risk situations or in cases in which there is a 
change in fetal or maternal status. 48,49  

 SUMMARY 
 • Antepartum testing helps detect the presence of fe-

tal asphyxia through observation of activity within a 
specifi ed amount of time. 

 • Cardiotocographic methods of electronic fetal heart 
rate monitoring include the NST and OCT. 

 • The BPP is the direct observation of fetal activity 
(breathing, tone, movement) and an estimate of fl uid 
volume (AFI). 

 • The fetus obtains a score of 0 (absent) or 2 (present) 
for each BPP parameter. 

 • The sagittal plane through the fetal chest, diaphragm, 
and abdomen provides the best visualization of fetal 
breathing. 

 • Sustained breathing movements and/or hiccups lasting 
30 seconds within a 30-minute period has a score of 2. 

 • Three or more full body rolls, large limb movements, 
swallowing, and face and hand movements within the 
30-minute test results in a score of 2 for fetal movements 

 • The extension and fl exion of the spine or limbs within 
the 30-minute BPP results in a 2 for fetal tone 

 • A normal AFI for gestational age results in a score of 2 

 • A total of sonographically obtained BPP points equals 8 

 • The combination of a reactive NST and the normal 
BPP results in a score of 10 

 • Vibroacoustic stimulation, maternal movement, man-
ual manipulation of the maternal abdomen, or inges-
tion of orange juice helps to awaken or stimulate a 
nonreactive fetus 

 • Fetal movements change with gestational age, oxy-
genation, maternal factors, and circadian rhythms 

of cause, elicits adaptive protective fetal responses that 
manifest as consistent changes in biophysical variables. 
With regard to short-term biophysical variables that re-
fl ect an acute fetal condition (heart rate reactivity, fe-
tal movement, fetal breathing, and fetal tone), the fetal 
response to hypoxia is a suppression of some or all of 
these activities, which may in turn reduce fetal oxy-
gen consumption. 7  Furthermore, fetal asphyxia induces 
redistribution of cardiac output toward essential fetal 
organs (brain, heart, and placenta) at the expense of 
the kidneys and lungs. A prolonged or repeated episode 
of hypoxia leads to a near cessation of perfusion of the 
fetal lung and kidney, resulting in decreased urine and 
lung fl uid production and resultant oligohydramnios. 10  

 Variations in sensitivity to hypoxemia of specifi c  areas 
of the brain responsible for the initiation of biophysical 
activities results in a progressive loss of biophysical func-
tion. The biophysical activities that  become active fi rst 
in fetal development appear to be the last to disappear 
when asphyxia arrests all biophysical activities. In terms 
of development, the fetal tone center is the earliest to 
function during intrauterine life (7.5 to 8.5 weeks), fol-
lowed by the fetal movement, fetal breathing movement, 
and heart rate reactivity centers. 40  Clinical studies have 
demonstrated that the NST results and fetal breathing 
movements are the fi rst biophysical variables to become 
abnormal in the asphyxiated fetus, followed by fetal 
movements, and fi nally by fetal tone. 7  The absence of 
any one of these variables does not necessarily imply 
that the CNS is not intact and functioning. Because of 
the cyclic nature of many of these factors, absence of any 
one of the variables may refl ect a sleep–rest state rather 
than a neurologic depression. 7  

 CLINICAL APPLICATIONS 
 The fetal BPP is used primarily in patients with high-risk 
conditions. Initiation of testing is set at a gestational age 
identical to that used in other methods of fetal surveil-
lance (the OCT and the NST)—that is, the gestational 
age at which the physician would be willing to intervene 
should an abnormal test be observed. The BPP is more 
easily interpreted at early gestational ages than the NST. 
The goals of fetal assessment are to identify fetuses that 
are well oxygenated or at risk for hypoxia and to enable 
appropriate intervention so that perinatal mortality and 
morbidity can be prevented or reduced. 4  

 A number of prospective studies have reported on 
the BPP results of more than 26,000 high-risk patients, 
demonstrating that a signifi cant exponential rise in 
perinatal morbidity and mortality occurs with decreas-
ing profi le scores. 42  Further, the value of the BPP in 
 assessing the fetus at risk for asphyxia has been sub-
stantiated in a number of clinical studies that have re-
vealed a strong relationship between the fetal BPP score 
and umbilical venous pH. Manning and colleagues com-
pared fetal BPP scores with umbilical venous pH values 
and discovered that there was a highly signifi cant linear 
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 Critical Thinking Questions 
  1. A 25-year-old G3P2002 at 32 weeks gestational age 

with a history of chronic hypertension and on medi-
cation presents for antenatal testing. The NST is 
nonreactive, and a BPP is performed. The following 
is visualized: fetal breathing for 30 seconds, rolling 
of the fetal trunk, movement of three extremities, 

and opening and closing of the hand. The following 
image of fl uid was obtained. 

  •  What is this patient’s BPP score? 
  •   During the sonographic exam, what accompanying 

image/measurements would help in  diagnosis? 

  ANSWER:  Quadrant one has a fl uid measurement of 
0.6 cm, quadrant two a measurement of 0.4 cm, and 
no fl uid is seen in quadrants three and four, result-
ing in an AFI of 1.0 cm. Quadrant four appears to 
have adequate fl uid, but on more careful imaging, it 
is found to be fi lled with loops of umbilical cord and 
therefore cannot be measured, resulting in a diagno-
sis of oligohydramnios. The patient received 2 points 
each for fetal breathing, fetal movements, and fetal 
tone for a score of 6. She received zero for amniotic 
fl uid volume and NST, so her total score is 6/10. 

 Hypertension is associated with a variety of 
adverse outcomes, including IUGR, pre- eclampsia, 

indicated preterm delivery, abruption, and still-
birth. In a patient with a history of chronic 
hypertension and with newly diagnosed oligohy-
dramnios, one would be worried about IUGR and 
therefore it would be important to measure growth 
in the fetus if it has not been done recently. Um-
bilical artery Doppler is a very useful tool in this 
clinical scenario, as an abnormal fi nding predicts 
perinatal morbidity and mortality in IUGR. In a 
fetus with growth restriction or abnormal Doppler 
values, the patient will need further evaluation 
and close monitoring, likely including an inpatient 
admission. 

A

B
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 Image for Question 1
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  2. A 33-year-old G1P0 presents to antenatal testing at 
41 weeks of gestation. Her prenatal care has been 
uncomplicated; she has no medical problems. An 
NST demonstrates moderate variability with one 
fetal acceleration in 20 minutes. A BPP visualized 
the following: one episode of rolling of the trunk, 
one episode of leg fl exion, extension with return to 
fl exion, and an AFI measuring 0.5 cm. An inward 
movement of the anterior chest wall and a simulta-
neous outward movement of the anterior abdomi-
nal wall are also visualized for 30 seconds in the 
 following image. The fetus is noted to be in a breech 
presentation. 

   • What is the BPP score? 
   •  How can determining the type of breech 

 presentation help the clinician? 

 indication for delivery, even if other testing is reassur-
ing. In this case, the overall testing is NOT reassuring, 
so it is likely that she will be delivered expeditiously. 
The incidental fi nding of a breech presentation is im-
portant in planning the next step for this patient. The 
type of breech (e.g., frank vs. footling) may be useful 
to the delivering physician and is therefore useful to 
delineate. Although external cephalic version may be 
performed in patients at term with a breech to allow a 
vertex vaginal delivery, oligohydramnios is a relative 
contraindication to this procedure. It is likely that she 
will be scheduled for a cesarean delivery within a few 
hours. Therefore, notifying her physician before she 
leaves the unit is the single most important next step. 

  3. A 29-year-old G4 P1112 at 32 weeks of gestation is 
scheduled for a BPP because of Class C diabetes and 
a nonreactive NST. During the BPP frequent trunk 
movements are demonstrated, there is an open fetal 
hand, and no movements of the lower extremities 
are seen as demonstrated in the following fi gures. 
Fetal breathing movements for 60 seconds are visu-
alized. The AFI is 26.2 cm. 

   • What is the BPP score? 
   •  What additional images would help the clinician 

with this patient? 

  ANSWER:  The image in this case demonstrates fetal 
breathing, which is adequate for the fetus to score 
2 points. The fetal tone is also adequately seen with 
fl exion and extension of a limb. Fetal movements 
can be trunk movements or limb movements. In 
this case, the described leg movement of fl exion and 
extension counts both as a demonstration of tone 
and as a second fetal body movement. However, as 
only two movements are seen in 30 minutes, 0 points 
are awarded for fetal movements. There is not an 
adequate volume of amniotic fl uid, so 0 points are 
awarded for this. In addition, interpretation of the 
NST describes one acceleration in 20 minutes, which 
is inadequate. The NST is nonreactive and is awarded 
0 points. The biophysical score in this case is 4/10. 

 Postterm or postdate pregnancy is a high-risk situ-
ation, as perinatal morbidity and mortality increase 
after 40 weeks. The increase is modest until 42 
weeks, when it becomes marked. Antenatal test-
ing is therefore commonly ordered after 40 weeks, 
and delivery is usually recommended by 42 weeks. 
One of the key fi ndings in postmaturity syndrome 
is oligohydramnios. Most obstetricians consider 
 oligohydramnios is this setting as an absolute 

 Image for Question 2
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  ANSWER:  The fetus received 2 points for gross fetal 
movements, 2 points for fetal breathing, and 2 points 
for amniotic fl uid volume. Although the amniotic fl uid 
volume is abnormal, this is not refl ected in the BPP 
scoring system and should be separately reported. The 
NST is nonreactive and receives 0 points. Finally, the 
fetal tone could not be demonstrated. This receives a 
score of 0. Therefore, the overall score for the BPP is 
6/10. This is an unusual situation and should prompt 
careful attention to the fi ndings. As the management 
algorithm for a score of 6 includes further evalua-
tion, the unusual nature of these fi ndings should be 
included in the overall assessment of the case. 

 Diabetes follows White’s classifi cation in pregnancy, 
and Class C indicates long-standing disease. These 
pregnancies are high risk for many adverse outcomes, 
including fetal anomalies, miscarriage, stillbirth, poly-
hydramnios, and macrosomia. The BPP results in this 
case are unusual, as absent fetal tone is a late fi nding 
in fetal asphyxia and usually occurs after the cessation 
of fetal movements and breathing. This leads one to 
suspect that there may be a different reason for the 
poor movement of the lower extremities. Polyhydram-
nios, which may be due to the maternal diabetes, also 
has associations with anomalies common in diabetes 
particularly of the CNS, neural tube defects, and car-
diac anomalies. Sacral defects such as caudal regres-
sion syndrome are specifi c to diabetes but much less 
common. The next best step in management would 
be to perform a targeted scan, which would require 
a detailed look at the anatomy, as these fi ndings are 
very worrisome for a fetal anomaly. 

  4. A patient is a 32-year-old G2 P1001 at 35 weeks of 
gestation, who presents to antenatal testing because 
of a history of mild pre-eclampsia. A BPP is per-
formed, which demonstrates a single rotation of the 
spine and trunk (see image below), active move-
ments of two extremities, fl exion and extension of 
both the upper and lower extremities with return 
to fl exion, more than 30 seconds of fetal breathing 
movements, and an AFI of 18.2 cm. 

   •  How would you score this BPP? 
   •  What interval of antenatal testing would the 

 clinician request? 
   •  Are biometric measurements obtained during 

each BPP? Why or why not? 
   •  The patient presents to the emergency room later 

that evening for vaginal bleeding. An NST is 
performed and found to be nonreactive; therefore, 
a BPP is performed. Rolling of the trunk is seen 
once and there is fl exion and extension of the 
right arm, 10 seconds of fetal breathing move-
ments, and an AFI of 10.2 cm. You notice that the 
patient had an ultrasound earlier in the day where 
all four components of the BPP were visualized as 
above. What is the BPP for this exam? 

  ANSWER:  The initial BPP score includes 2 points 
for breathing, 2 points for a normal amniotic fl uid 
volume, 2 points for tone, and 2 points for fetal 
movements. Although an NST is not performed, 
a score of 8 has been attained and is as predictive 
of a good outcome as a score of 10. Therefore, it 
may be omitted. However, as it was not done, it 
is scored as a 0. Therefore, the BPP in this case is 
8/10. Some centers, to distinguish a case such as 
this from a case in which the NST is nonreactive, 
score this as an 8/8. 

 As the testing is reassuring, the next step in 
management is to schedule repeat testing. It is 
not necessary to perform an NST, as the predic-
tive value of the BPP would be unchanged. Testing 
intervals are  generally weekly, with exceptions for 
unstable patients and those with certain specifi c 
diagnoses where it is felt that more frequent test-
ing may be benefi cial. These diagnoses include 
IUGR and poorly controlled pregestational diabe-
tes. As this patient has mild pre-eclampsia, she is 
likely to be a good candidate for weekly testing. 
Umbilical artery Dopplers would only be consid-
ered if the fetus had IUGR. The obstetricians may 
well be moving toward delivery in her case as she 
gets to term. 

A B
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 Biometric testing does not occur with each BPP 
because of lack of interval growth during the weekly 
cycle of observation. Usually BPD, HC, AC, and FL 
measurements occur every 3 to 4 weeks, depending 
on the interpreting physician’s preference. 

 The fetal parameters are markedly different than 
earlier in the day. There is adequate tone demon-
strated (although the description seems to indicate 
that the fetus barely meets criteria compared to 
the fi ndings of the morning). The amniotic fl uid 
index is still adequate. This is unsurprising, as this 
is a slowly changing parameter of fetal well-being 
in the absence of ruptured membranes. The other 

parameters are abnormal and score a 0. The BPP 
is therefore a 4/10 ( � 2 for AFV and tone). The 
patient now has a more severe manifestation of 
her original condition, or a new problem, but we 
cannot assume that the fetal condition is stable. 
Therefore, repeat testing, as ordered, is clearly 
indicated. The BPP is properly scored during one 
30-minute period of observation. Therefore, the 
movements from the earlier BPP cannot be applied 
to the evaluation of the fetus in triage. Pre-eclamp-
sia can be associated with placental abruption and 
with fetal demise. The new, lower, more worrisome 
score should be reported. 
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 26 Multiple Gestations
Julia A. Drose

OBJECTIVES

List the types of twin gestations and how they occur

Describe the clinical and laboratory fi ndings found with a multiple pregnancy

Summarize the sonographic criteria for determining chorionicity and amnionicity in the 
fi rst, second, and third trimesters

Explain the differences and similarities of the sonographic examination between a 
singleton and a multiple pregnancy

Identify the process occurring with a vanishing twin, vasa previa, twin reversed arterial 
perfusion (TRAP) sequence, twin-to-twin transfusion syndrome (TTTS), and conjoined 
twins

Understand maternal and fetal complications that occur with multiple and higher-
order pregnancies

KEY TERMS

multiple gestations | twins | triplets | twin peak sign | chorionicity | amnionicity | 
twin-to-twin transfusion syndrome | twin reversed arterial perfusion (TRAP) sequence | 
conjoined twins

GLOSSARY

Amnionicity Determination of the number of fetal 
 amniotic membranes

Anembryonic Lack of an embryo

Biometry Measurements done on an embryo or fetus such 
as a crown-rump length (CRL) or biparietal diameter (BPD)

Chorionicity Determination of the number of chorionic 
 membranes adjacent to the uterus

Dizygotic (DZ) Two zygotes as a result of the fertiliza-
tion of two ovum

Follicle-stimulating hormone (FSH) Hormone that 
induces the growth of Graafi an follicles

Gamete intrafallopian transfer (GIFT) Mixing of the 
ovum and sperm within the fallopian tubes allowing for 
fertilization within the woman’s body

Hypervolemic Increase in circulating blood volume

Hysterotomy Surgical incision into the uterus 
(i.e., cesarean section)

Intracytoplasmic sperm injection (ICSI) Injection of a 
sperm into the oocyte

In vitro fertilization (IVF) Fertilization of the ovum 
outside the uterus

Macrosomic Large fetus that falls in the 90th percentile 
for weight

Monoamniotic One amnion

Monzygotic (MZ) One zygote

Morbidity Incidence of disease

Mortality Death rate due to a specifi c disease

Nonimmune hydrops Edema, accumulation of fl uid in 
tissues and in the peritoneal cavity, and chest, in a fetus 
not affected by erythoblastosis fetalis

Oligohydramnios Low amniotic fl uid levels

Plethoric Abundant

Polyhydramnios Too much amniotic fl uid

Quadruplet Four

Thermocoagulation Use of heat to seal tissue

Zygote Fertilized ovum with 23 pairs of chromosomes
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 Multiple births have increased dramatically in the last 
decade, currently accounting for approximately 3% of 
all live births. 1–2  Two primary factors have contributed 
to this increase: delayed childbearing and increased uti-
lization of assisted reproductive technologies (ART). 3  
The risk of multiple births in naturally occurring preg-
nancies is known to increase with maternal age. Ad-
ditionally, the need for utilizing ART also increases as 
women age. 

 The occurrence rate of triplet and higher-order mul-
tiple pregnancies also increased secondary to ART until 
the late 1990s, but has since begun to stabilize. 4–5  

 This stabilization may be secondary to stricter guide-
lines regarding the number of embryos transferred dur-
ing an in vitro fertilization (IVF) procedure. 

 Ultrasound plays an important role in monitoring 
multiple-gestation pregnancies, including determining 
amnionicity and chorionicity, identifying fetal anoma-
lies, and evaluating growth throughout gestation. Ul-
trasound is also commonly used to guide various 
procedures that may be warranted when an in utero 
abnormality is detected in a multiple gestation. 

 CLINICAL INFORMATION 
 INCIDENCE 

 Between 1975 and 1998, the rate of twin births in-
creased by 50% to 60% in the United States. The rate of 
triplet or higher-order multiple births increased by ap-
proximately 69%. 6  ART is responsible for the majority 
of this increase. This includes drug-induced ovulation 
stimulation as well as IVF procedures, including em-
bryo transfer, intracytoplasmic sperm injection (ICSI), 
gamete intrafallopian transfer (GIFT), and oocyte dona-
tion. It is estimated that infertility treatments are re-
sponsible for 75% of triplet pregnancies that occur in 
the United States. 6  

 The effect of ART is seen in both dizygotic and 
monoamniotic twining rates. Environmental factors af-
fecting multiple gestation rates appear to infl uence only 
dizygotic twinning. Monozygotic twinning is relatively 
constant across populations and independent of other 
known contributing factors, such as maternal age, race, 
and heredity. 

 Multiple gestations, specifi cally dizygotic twinning, 
increases with maternal age. In studies conducted be-
fore the inception of ART, the rate of twins was report-
ed to increase by 300% between the ages of 15 and 
37 years. 7  

 In 2006, Beemsterboer and colleagues published 
a study showing that this increase was due to an in-
crease in follicle-stimulating hormone (FSH) concentra-
tion as women age. This increase in FSH resulted in 
an increased tendency toward multiple follicle devel-
opment. 8  Since women have been delaying childbirth 
over the last two decades, advanced maternal age has 

become a more signifi cant factor in multiple births. 6  It 
should also be born in mind that women of advanced 
maternal age are also the population most likely to uti-
lize ART. 

 Race also plays a role in multiple gestation rates. In 
the United States, African Americans have the highest 
rate at 1/76 births and Asians the lowest at 1/92 births. 
Multiple gestations in Caucasians occur in approxi-
mately 1/86 births. 9  Internationally, Nigeria reports the 
highest rate of multiple gestations and Japan the  lowest. 
The differences between racial and ethnic groups are 
due primarily to differences in dizygotic twinning rates. 
The rate of monozygotic twinning remains fairly con-
stant throughout the world. 10  

 Epidemiologic studies have shown spontaneously oc-
curring monozygotic twinning to be heavily infl uenced 
by genetic factors, whereas spontaneous occurrence of 
dizygotic twining may result more from environmental 
infl uence. 10  

 CLINICAL ASSOCIATIONS 
 A common reason for suspecting a multiple-gestation 
pregnancy is the physical fi nding of uterine size being 
larger than expected for gestational age. The differential 
diagnosis for this clinical presentation includes poly-
hydramnios, uterine fi broids, erroneous dates, mac-
rosomic fetus or an extrauterine mass (i.e., ovarian). 
Physical examination may also prompt the diagnosis of 
a multiple gestation if two or more fetal heart tones are 
detected by auscultation or Doppler examination. 

 Laboratory values may indicate multiple gestations 
as well. A maternal serum  � -fetoprotein (MSAFP) level 
of  � 2.5 Multiples of the Mean (MOM) is associated 
with a higher-order gestation approximately 10% of 
the time. 11  Other causes of an increased MSAFP include 
erroneous dating, fetal abnormalities such as an open 
neural tube defect or abdominal wall defect, and pla-
cental masses (i.e., choriocarcinoma). 

 ANATOMY AND PHYSIOLOGY 
 CLASSIFICATIONS 

 Two types of twinning occur. Thirty percent of all twins 
are monozygotic (MZ), in which a single ovum divides 
after fertilization. This type of event appears to be 
random and independent of most clinical and epide-
miologic factors. 9  Nearly 70% of all twin gestations are 
 dizygotic (DZ), the result of fertilization of two ova. DZ 
twinning is infl uenced by genetic factors, environmen-
tal factors, advanced maternal age, and the use of ART. 

 In pregnancy, the placental membranes are com-
posed of two layers, the outer layer (chorion) and the 
inner layer (amnion). Three types of placentation or 
combination of placental membranes are possible with 
twin gestations. Since all DZ twins result from two sep-
arate fertilized ova, they are always going to have two 
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placentas, thus two separate chorions (dichorionic) and 
two separate amnions (diamniotic). 

 The number of placentas, amnionicity, and chorionic-
ity of a MZ twin pregnancy can vary, however, and is 
determined by the stage at which the single fertilized 
ovum (zygote) divides (Table 26-1). Division of the 
zygote prior to day 4 (Carnegie stages 1 and 2) 87  fol-
lowing fertilization results in adichorionic/ diamniotic 
gestation, similar to all DZ twins. This occurs in approx-
imately 25% of monozygotic twin pregnancies. When 

division occurs between 4 and 8 days (Carnegie stages 
3–4), 87  only one placenta forms but there are two sepa-
rate gestational sacs. Therefore, it is a monochorionic 
(one  chorion)/ diamniotic gestation. Almost 75% of MZ 
pregnancies are monochorionic/diamniotic. In less than 
1% of cases, division occurs more than 8 days postfer-
tilization. When this occurs, only one placenta with one 
 gestational sac forms, thus a monochorionic/monoam-
niotic pregnancy results. Division of the zygote more 
than 13 days after fertilization is exceedingly rare, but if 
it occurs it will result in conjoined twins. All conjoined 
twins are monochorionic/monoamniotic (Fig. 26-1). 12  

 COMPLICATIONS 

 Multiple gestations in general are considered high-risk 
pregnancies, accounting for almost 10% of all perinatal 
morbidity and mortality. 13,14  Perinatal mortality in twins 
is four to six times higher than in singletons. Addition-
ally, the morbidity rate is twice as high. 

 Preterm birth, intrauterine growth restriction, and 
fetal anomalies are all increased in multiple gestations. 
Twins and higher-order multiples may also  develop 
unique abnormalities such as twin-twin transfusion 
syndrome (TTTS), twin reversed arterial perfusion 
(TRAP) sequence, and conjoined twinning. 

 Maternal complications associated with multiple 
gestations include an increased risk of pre-eclampsia, 

Figure 26-1 Twin development.

TABLE 26-1

Association of Placentation of Monozygotic Twins 
With Timing of Zygote Division

Stage of Zygote  Approximate 
Division (days)  MZ Placentation Frequency

3 DC/DA 25%
4–7 MC/DA 75%
8–13 MC/MA 1%
13� Conjoined Twins 1/50,000–
  1/100,000

PATHOLOGY BOX 26-1

Multiple Pregnancy

Risk Factors
Fetal 
Complications

Maternal 
Complications

Assisted 
reproductive 
technologies 
(ART)

In vitro 
fertilization 
(IVF)

Embryo 
transfer

Intracytoplasmic 
sperm 
injection 
(ICSI)

Gamete intrafal-
lopian transfer 
(GIFT)

Maternal age
Race
Family history 

of monozy-
gotic twins

Increased 
morbidity 
and mortality

Intrauterine 
growth 
restriction 
(IUGR)

Birth weight 
under 2500 
grams

Delivery 
before 37 
weeks

Twin-twin 
transfusion 
syndrome 
(TTTS)

Twin reversed 
arterial perfu-
sion (TRAP) 
sequence

Conjoined 
twinning

Congenital 
malformations

Increased 
risk of:

• Mortality
•  Pre-eclampsia
• Hypertension
•  Placental 

abruption
•  Placenta 

previa
•  Postpartum 

hemorrhage
• C-section
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hypertension, placental abruption, placenta previa, and 
postpartum hemorrhage. 15  

 The risk of abnormality or adverse outcome is also 
related to the type of twinning. Monozygotic twins are 
at higher risk than dizygotic twins. 14,16  Dichorionic twins 
have a reported perinatal mortality risk of 10%, whereas 
in monochorionic/diamniotic twins the risk is 25% and 
in monochorionic/monoamniotic gestations the risk in-
creases to 50%. Congenital malformations occur two to 
three times more often in twins, particularly in monozy-
gotic twins, than in singletons. 17,18  Abnormalities may in-
volve the central nervous system, cardiovascular system, 
or the gastrointestinal system. An increase in mouth and 
palate anomalies has also been reported. 

 Genetically similar MZ twins are nearly 100% con-
cordant for genetic defects (e.g., Down syndrome). The 
most common discordant genetic defect in an MZ twin 
pair is a normal fetus paired with one that has Turner 
syndrome (XO). MZ twins are only 2% to 10% con-
cordant for isolated developmental defects. 19  Because 
DZ twins are not genetically identical, they have a very 
low concordance for both genetic and developmental 
abnormalities. For these reasons, sonography plays a 
crucial role in determining the type of twinning, the 
presence of abnormalities, and the monitoring of con-
cordant growth. 

 SONOGRAPHIC ASSESSMENT 
 FIRST TRIMESTER 

 Sonographic determination of chorionicity and amnion-
icity is most accurate in the fi rst trimester of pregnancy 
(Table 26-2). In the case of a suspected multiple gesta-
tion, an ultrasound examination, both transabdominal 
and endovaginal, is indicated. 

 Chorionicity can be determined in the fi rst trimes-
ter, by counting the number of gestational sacs. If only 
one sac is visualized, the pregnancy is monochorionic. 
Two sacs would be consistent with a dichorionic preg-
nancy. However, prior to 7 weeks, accurately determin-
ing the number of gestational sacs or fetuses present 
may be challenging. Doubilet and Benson reported that 
11% of dichorionic twin gestations were initially diag-
nosed as singletons on sonograms performed between 
5 and 5.9 weeks gestation, as were 86% of monochori-
onic twin gestations. Additionally, 16% of higher-order 

multiples were undercounted. All but one of the under-
counted cases was performed endovaginally. 20  

 As stated, all dichorionic twin pregnancies must be 
diamniotic. Therefore, if two distinct gestational sacs are 
observed in early pregnancy, it is appropriate to classify 
the pregnancy as dichorionic/diamniotic (Fig. 26-2). 
When one gestational sac is identifi ed containing more 
than one fetal pole, the pregnancy is monochorionic/di-
amniotic or monochorionic/monoamniotic, depending 
on the number of amnions present. Sonographically, the 
amnion is usually visible by 7 to 8 weeks’ gestation. 21  At 
this time, one gestational sac with a dividing membrane 
would be consistent with a monochorionic/diamniotic 
pregnancy (Fig. 26-3). If two fetal poles are appreciated 
within one sac without a membrane present, the preg-
nancy is monochorionic/monoamniotic (Fig. 26-4). 

 The number of yolk sacs seen in early pregnancy is 
often an easier way of determining amnionicity, since 
the number of yolk sacs is consistent with the num-
ber of amniotic cavities. In other words, if one yolk sac 
is observed with two fetal poles, it is a monoamniotic 
pregnancy. If two yolk sacs are present it is  diamniotic. 

 The sonographic determination of chorionicity and 
amnionicity, between 11 and 14 weeks’ gestation, is 
based on the number of placental sites identifi ed and the 
presence and appearance of an intertwin membrane. 22  

TABLE 26-2

First Trimester Sonographic Criteria for Determination of Chorionicity/Amnionicity

TYPE # Gestational Sacs # Amniotic Cavities # Embryos/ Sac # Yolk Sacs

DC/DA 2 2 1 2
MC,DA 1 2 1 per amniotic  2
   cavity 
MC,MA 1 1 2 1

Figure 26-2 Early twin gestation showing two separate, distinct, 
gestational sacs (A & B)
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If two separate placentas are identifi ed, the pregnancy 
has to be dichorionic/diamniotic. If only one placenta is 
present, the pregnancy is monochorionic. Unfortunately, 
it is not always possible to determine sonographically if 
one visualized placenta mass is actually one placenta or 
two placentas that have become fused secondary to the 
proximity of implantation. In 1992, Finberg described 
the “twin peak sign,” which refers to the presence of 
a triangular projection of placental tissue extending up 
into the base of the junction of two chorionic mem-
branes (Fig. 26-5). 23  If only one chorionic membrane is 
present, thus one placenta, this triangular extension of 
placental tissue would not occur. 

 In 2002, Stenhouse and colleagues reported a 95% 
accuracy in determining chorionicity when utilizing the 
twin peak sign. 24  An additional paper in 2002 by Carroll 
and associates also described utilizing the number of 
placental sites and the shape of the junction between 

the membranes and the placenta to diagnose chorionic-
ity. 22  They referred to the wedge-shaped junction (simi-
lar to the twin peak sign) formed by placental tissue 
extending into the base of the chorionic membranes as 
the “ � ” or “lambda sign” and also described a “T-sign,” 
which referred to the T-shaped junction formed when 
two amniotic membranes fused with one placenta, and 
therefore one chorionic membrane (Fig. 26-6). Their  � -
sign was observed in 97% of dichorionic pregnancies 
and 0% of monochorionic pregnancies. The T-sign was 
seen in 100% of monochorionic gestations and in two 
where dichorionicity was confi rmed postnatally. 

 Thickness of the intertwin membrane has also been 
described as a predictor of chorionicity. In  dichorionic/di-
amniotic gestations, the membrane comprises two layers 

Figure 26-3 Early MC/DA twin gestation. One placenta is visualized 
(P), with each embryo in a separate amniotic sac (A & B).

Figure 26-4 Early MC/MA twin gestation showing two fetuses with 
no intertwin membrane.

Figure 26-5 Twin peak sign in a fi rst trimester DC/DA twin gesta-
tion. Placental tissue (P) is interjected between the two chorionic 
membranes. The thick amniotic membrane visualized between the 
fetuses (open arrow). (Image compliments of Philips Medical Sys-
tems, Bothell, WA)

Figure 26-6 Early twin gestation showing the amniotic membranes 
(arrow head) abutting the placenta (P) to form a “T” sign in a MC/DA 
pregnancy.
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of chorion and two layers of amnion.  Sonographically 
it should appear thicker than the membrane present in 
a monochorionic/diamniotic membrane, which consists 
of only two layers of amnion with no interposing chori-
on. 21  Although an absolute defi nition of what constitutes 
a “thick” versus “thin” membrane has not been estab-
lished, most reported criteria suggest a thick membrane 
indicating dichorionicity to be of at least 1.5 millimeters 
(mm) and a thin membrane refl ective of monochori-
onicity as less than 1 mm. 25,26  In Carroll’s 2002 paper, 
an intertwine membrane less than 1.5 mm accurately 
identifi ed a monochorionic pregnancy in 94.3% of cases, 
while a membrane greater than 1.5 mm accurately iden-
tifi ed a dichorionic pregnancy 94.3% of the time. 22  Bora 
and colleagues evaluated chorionicity and amnionicity 
in 67 viable twin pregnancies between 7 and 9 weeks’ 
gestation, utilizing endovaginal ultrasound. Determina-
tion was correct in 97% of cases. 27  In 2008, Moon and 
associates reported 100% accuracy between 11 and 14 
weeks’ gestation. 28  

 SECOND AND THIRD TRIMESTER 

 Identifi cation of the number of placentas, and the pres-
ence and characteristics of an intertwin membrane, are 
also used in determining chorionicity and amnionicity 
in the second and third trimesters. Additionally, deter-
mining fetal gender can be useful. Twins of different 
genders are virtually always going to be dichorionic/
diamniotic, since they originate from two separate ova 
and are thus dizygotic. If twins are of the same gender 
or if gender cannot be identifi ed, chorionicity cannot be 
determined utilizing this criteria. 

 As with fi rst-trimester pregnancies, if two discrete 
placentas can be identifi ed on ultrasound, the pregnan-
cy must be dichorionic/diamniotic (Fig. 26-7). If only 
one placental mass is observed, the determination of 
chorionicity may rely on the presence or absence of an 
intertwin membrane. When a membrane is visualized, 

the pregnancy is diamniotic. The membrane charac-
teristics described previously can be utilized to aid 
in  determination of chorionicity (Fig. 26-8). However, 
membrane thickness has been reported to be more reli-
able before 26 weeks’ gestation, due to thinning of the 
membrane as pregnancy progresses. 29,30  When no mem-
brane is identifi ed, several possibilities exist,  including 
a monoamniotic gestation (Fig. 26-9), a diamniotic ges-
tation in which the membrane is not identifi ed, or in 
rare cases a stuck twin associated with TTTS. 

 Sonographic assessment of multiple gestations should 
include: 

 • Number of fetuses 
 • Fetal lie 
 • Number of placentas 
 • Presence or absence of membranes 
 • Standard biometry/anatomy 
 • Qualitative assessment of amniotic fl uid or maxi-

mal vertical pocket (MVP) 
 • Pulsed and/or color Doppler if indicated 

 By convention, the twin with the presenting part is la-
beled “Twin A.” However, this may become problem-
atic on subsequent exams because the presenting twin 
may not be the same from one examination to the next. 
Many institutions prefer more descriptive identifi ers 

Figure 26-8 Twin peak sign in a second-trimester DC/DA twin gestation (A). T-sign in a second-trimester MC/DA twin gestation (B).

A B

Figure 26-7 Second trimester DC/DA twin pregnancy in which two 
separate placentas (P,p) are visualized, along with an intertwin
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Figure 26-9 MC/MA second-trimester gestation showing both  fetal 
heads without an intertwin membrane. 

such as “right cephalic twin” or “left upper twin.” If an 
abnormality is detected in one twin or if they are de-
termined to be of opposite genders, identifi cation from 
exam to exam, utilizing these characteristics, is usually 
straightforward. 

 The number of placentas, presence or absence of a di-
viding membrane, and characteristics of the membrane 
should then be evaluated to determine chorionicity and 
amnionicity. Some recent studies have advocated the 
use of three-dimensional (3D) technology in accessing 
membrane thickness, particularly if diffi cult to discern 
by two-dimensional (2D) ultrasound. 31  

 Biometry and identifi cation of fetal anatomy, as spec-
ifi ed by the American Institute of Ultrasound in Medi-
cine (AIUM), the American College of Radiology (ACR), 
or the American College of Obstetricians and Gynecolo-
gists (ACOG), 32–34  should then be performed on all fe-
tuses, similar to evaluation of a singleton pregnancy. 

 The growth rate of fetuses in multiple gestation preg-
nancies is similar to singletons in early pregnancy. 21  
Crown-rump length (CRL) measurements may vary 
slightly between fetuses in the same pregnancy. In that 
situation, averaging the CRLs may provide the most 
accurate dating of the pregnancy. 35  Signifi cant discor-
dance is defi ned as 5 or more days’ difference between 
the CRLs and is usually associated with abnormalities 
of one or all fetuses (Fig. 26-10). 36  Bora and associates 
reported that a large intertwin CRL discrepancy in early 
pregnancy is associated with spontaneous reduction 
to a singleton pregnancy. They also suggested that the 
greater the intertwin discrepancy, the higher the likeli-
hood of single fetal loss. In their cohort of 77 pregnan-
cies, a discrepancy of  � 20% was frequently found in 
ongoing twins; when the discrepancy was greater than 
20%, a single fetal loss was more common. 37  

 Several authors have reported that the growth rates 
of normal multiples in the second and third trimesters 
also follow that of singleton pregnancies until around 
30 weeks. After that time the biparital diameter (BPD) 
and abdominal circumference (AC) may start to lag be-
hind singletons. 38–40  In triplet or higher-order gestations, 
biometric parameters may start to lag sooner in preg-
nancy, except for femur length, which seems to closely 
follow nomograms developed for singletons. 41  

 Birth weights of multiple gestations are uniformly 
lower than in single fetuses. This refl ects the growth lag 
that occurs later in gestation, as well as the fact that 
almost all multiple pregnancies deliver early. Growth 
discordance between twins is one of the most common 
problems encountered in multiple gestations (Fig. 26-11). 
Estimated fetal weight percentages that differ by more 
than 20% are usually considered discordant. 40  

 Pulsed Doppler may play an important role in di-
agnosing and following growth restriction in the pres-
ence of discordance between twins (Fig. 26-12). An in-
creased resistance to blood fl ow within the umbilical 

Figure 26-10 First-trimester twins showing a growth discrepancy 
between a smaller Twin A and a larger Twin B.

PATHOLOGY BOX 26-2

Sonographic Determination of Chorionicity and 
Amnionicity

First Trimester Second/Third Trimester

Chorionicity 11 weeks to term
•  One sac �  monochorionic
• Two sacs �dichorionic

• Placental sites
•  Two placentas � 

dichorionic/diamniotic
•  One placenta � 

monochorionic
• Intertwin membrane
•  Dichorionic/

Diamniotic � thick
•  Monochorionic/

diamniotic � thin
• Gender

Yolk sac number
•  One yolk sac � two fetal 

poles � monoamniotic 
pregnancy

•  Two yolk sacs � two 
fetal poles � diamniotic



 668 PART 2 — OBSTETRIC SONOGRAPHY

arteries (UA) or a decreased resistance observed in the 
middle cerebral arteries (MCA) may occur in the setting 
of intrauterine growth restriction (IUGR). The various 
measurements utilized to quantify peak systolic veloci-
ties, resistive indices, and systolic to diastolic ratios are 
similar to those utilized in singleton pregnancies. 

 As with all pregnancies, amniotic fl uid in twin preg-
nancies should be quantifi ed. 

 When twins are diamniotic, the amount of amni-
otic fl uid in each gestational sac should be assessed 
separately. This is usually most easily accomplished by 
measuring the MVP of fl uid in each sac. In the setting 
of a monoamniotic gestation, either a MVP measure-
ment or a four-quadrant amniotic fl uid index (AFI) can 
be performed. 

 VANISHING TWIN 
 In 1986 Landy and associates described the “vanish-
ing twin.” They reported that in as many as 20% of 
twin gestations diagnosed in the fi rst trimester, one 
twin would “vanish,” resulting in a singleton birth. 42  In 
a study by Gindoff and coworkers, 43  23 multiple preg-
nancies were identifi ed in a total of 300 prospectively 
examined women. Three of the 21 women diagnosed 
as  carrying early twin pregnancies ultimately delivered 
twins, and of the two remaining multiple gestations, 
one triplet pregnancy resulted in normal twins, and a 
quadruplet pregnancy resulted in a normal singleton 
birth. A “vanishing” second gestational sac may also 
occur when two sacs are identifi ed early in pregnancy, 
but subsequent sonograms confi rm only one fetus. One 
explanation for this phenomenon is that the nonviable 
 gestation represented an anembryonic gestational sac, 
which is proposed to be the cause of 50% to 90% of 
early spontaneous abortions (Fig. 26-13). 44  Histopath-
ologic examination of these anembryonic gestations 
reveals  autosomal trisomies (52%), triploidies (20%), 
and monosomy X (15%), among other disorders. 
Slowed gestational sac growth early on can suggest the 
diagnosis of an anembryonic gestation, because a nor-
mal sac grows at a rate of approximately 0.12 centi-
meters (cm)/day, and a nonviable pregnancy grows at 
0.025 cm/day. Later on, the nonviable gestational sac 
may begin to involute. 

 Sonographic criteria for this vanishing sac include a 
smaller gestational sac than expected for menstrual age, 
an irregular margin of the sac, and a crescent-shaped 
sac with an incomplete trophoblastic ring (Fig. 26-14). 43  

 One prospective study of multiple-gestation pregnan-
cies documented a group of cases in which twins were 
identifi ed with fetal cardiac activity at fi rst- trimester ul-
trasound, but subsequent scans revealed only a single-
ton pregnancy. 42  This occurred in approximately 21% of 
prospectively imaged twins. This rate of spontaneous 

Figure 26-11 Growth discrepancy between fetal abdomens in a 
second-trimester twin gestation. Twin A’s abdomen is markedly 
smaller than Twin B’s.

Figure 26-12 Abnormal umbilical artery Doppler waveform in a twin 
with IUGR. No diastolic fl ow is appreciated secondary to increased 
placental resistance, resulting in an abnormal resistive index of 100%.

Figure 26-13 Longitudinal image showing two gestational sacs ear-
ly in pregnancy. One containing a yolk sac (B) and one an embryonic 
sac (A).
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demise is actually similar to that of spontaneous single-
ton demise. Early fetal demise has not been associated 
with adverse outcome in the surviving twin. 

 A study by Benson and colleagues looked at fi rst- 
trimester twin pregnancies to determine criteria for 
predicting pregnancy outcome with regard to number 
of live-born infants. 45  Of 137 patients evaluated, 110 
(80.3%) had viable twins, 12 (8.8%) had 1 infant, and 
15 (10.9%) had none. The criteria they found to be sta-
tistically signifi cant included gestational age at the time 
of the ultrasound (the inference being that the earlier 

the gestation, the more time in which demise might 
occur), chorionicity of the pregnancy, and abnormal 
sonographic fi ndings, such as subchorionic fl uid, uter-
ine fi broids, or discrepancy between sac sizes. Neither 
advanced maternal age nor ART appeared to have an 
effect on outcome. 

 If fetal loss occurs in the second or third trimester, 
or in the setting of a monozygotic twin gestation, the 
demised fetus may develop into a fetus papyraceus. 46  
Instead of the usual complete decomposition and ab-
sorption of the fetus, the fetus papyraceus (“paperlike”) 
is preserved in a distorted form (Fig. 26-15). In twins, a 
postulated cause of fetus papyraceus is transient poly-
hydramnios of one fetus in a monochorionic-diamniotic 
pregnancy exerting a lethal compressive effect on the 
other twin. Fetal papyraceus occurs in 1 of 12,000 live 
births, but is more common in the subgroup of twin 
gestations (1 in 184 twin births). 42  

 TECHNICAL PITFALLS 
 Technical pitfalls exist in imaging multiple gesta-
tions. An important factor that should be borne in 
mind when determining whether there is a multiple- 
gestation  pregnancy is that crescentic areas of im-
plantation hemorrhage or amniotic-chorionic separa-
tion may be mistaken for second gestational sacs or 
nonviable  pregnancies (Fig. 26-16). The distinction is 
usually obvious by the confi guration of the fl uid col-
lections and the lack of a well-defi ned decidual rind in 
nongestational  collections. 

Figure 26-14 Transverse image showing a gestational sac contain-
ing a yolk sac (S) and a second irregular “saclike” area (arrowhead) 
consistent with an implantation bleed.

A

B

Figure 26-15 A: Twin pregnancy with a normal twin in the amniotic sac on the left and a 
fetal demise which resulted in a fetus papyraceus, on the right. B: Fetus papyraceus. One 
twin is larger, and the other has been compressed and mummifi ed, hence the term papyra-
ceus. Reprinted with permission from Stevenson RE, Hall, JG, Goodman RM (eds). Human 
Malformations and Related Anomalies. New York: Oxford University Press, 1993.
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 Although it seems intuitively unlikely, late in preg-
nancy a second fetus may be completely overlooked 
because the nondependent fetus obscures the under-
lying one. This possibility should be considered if the 
visualized fetus is situated more anteriorly than would 
be expected and if there are more fetal parts in the im-
age than seems appropriate. Later in pregnancy, owing 
to relative decreases in amniotic fl uid with respect to 
the fetal volume, important areas of fetal anatomy may 
be hidden, and an effort must be made to evaluate ob-
scured anatomy by scanning from multiple angles and 
with the mother in different positions. 

 HIGHER-ORDER MULTIPLE 
GESTATIONS 
 Although the average incidence of twins is 1 in 100 
pregnancies, triplets occur in only approximately 1 in 
7,600 pregnancies, and the spontaneous rates for qua-
druplet and quintuplet pregnancies are 1 in 729,000 
and 1 in 65,610,000, respectively. 47  Interestingly, triplet 
pregnancies—and even quadruplet pregnancies—may 
be MZ. For example, 60% of triplet pregnancies are sec-
ondary to the fertilization of two ova, 30% arise from 
the fertilization of three ova, and 10% arise from the 
fertilization of a single ovum (Fig. 26-17). 48  

 COMPLICATIONS OF MULTIPLE-
GESTATION PREGNANCIES 
 Multiple gestations are at signifi cantly increased risk of 
adverse fetal and maternal outcomes. 6,16,49  It is for this 
reason that all multiple gestations should be considered 
high-risk pregnancies and periodic monitoring by so-
nography is warranted. 

 MATERNAL COMPLICATIONS 
 Maternal complications include an increased mortality 
rate during pregnancy, delivery, and immediately post-
partum that is three times higher than for a singleton 

Figure 26-16 First-trimester ultrasound showing what appears to 
be three gestational sacs. However, sac “C” was actually an early 
subchorionic bleed. Figure 26-17 A triplet pregnancy demonstrating the placental twin 

peak sign (P) and the T sign (T). One abdomen (1) and two fetal 
heads (2, 3) confi rm the triplet pregnancy. (Image compliments of 
Philips Medical Systems, Bothell, WA.).

pregnancy. 6  This is usually the result of hypertension 
or postpartum hemorrhage. Maternal admission to an 
intensive care unit is also twice as high in these pa-
tients. 50  Except for an increased rate of cesarean section 
in advanced maternal age (AMA) twin pregnancies, age 
does not appear to be associated with an increased risk 
of adverse outcome. 51  

 FETAL COMPLICATIONS 
 The primary risk factors for mortality and long-term 
morbidity in the fetus of a multiple gestation are pre-
mature delivery and low birth weight. 6  Approximately 
half of twins and greater than 90% of triplet preg-
nancies are born before 37 weeks’ gestation or under 
2,500 grams. 3,52  

 Other risk factors in multiples are usually related to 
the type of chorionicity/amnionicity present. Monozy-
gotic twins are associated with an increased risk of con-
genital anomalies. 13,16,19,24  Monochorionic twins, sharing 
a placenta, run the risk of abnormal anastomoses of 
arteries and veins developing. This puts them at risk for 
TTTS and TRAP sequence, as well as all of the sequalae 
associated with those processes. 

 VASA PREVIA 
 Vasa previa is defi ned as fetal vessels overlying the 
cervical os due to insertion of the umbilical cord into 
the amniotic membrane rather than the placenta. 3  It is 
a rare abnormality that is associated with fetal mortal-
ity due to rapid fetal exsanguinations at the time of 
membrane rupture. The occurrence rate in singleton 
pregnancies is reported as 1/2,500 pregnancies. 53  In a 
multiple pregnancy this rate rises to 2.5%. 6  ART has 
also been shown to increase the rate of vasa previa. 
Since many multiple gestations are often the result of 
ART, the higher rate observed in multiple gestations 
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makes sense. Vigilant sonographic evaluation of the 
lower uterine segment, particularly in the setting of 
a low-lying placenta or a placenta previa, is there-
fore warranted when assessing a multiple gestation 
(Fig. 26-18). 

 TWIN REVERSED ARTERIAL 
PERFUSION SEQUENCE 
 TRAP sequence is also commonly referred to as acar-
diac twinning. It is a rare complication of monocho-
rionic pregnancies, with a reported occurrence rate of 
1/35,000 pregnancies and 0.3% of all monozygotic 
twin gestations. 54  

 This abnormality is diagnosed by observing one 
 normal twin, often referred to as the “pump” twin, and 
one amorphous twin without a well-defi ned cardiac 
structure, referred to as the “acardiac” twin (Fig.  26-19). 
The acardiac twin is hemodynamically dependent on 
the normal twin for all circulation. In this abnormal-
ity, arterial-to-arterial and venous-to-venous anastamo-
ses occur on the surface of the shared placenta. This 
results in blood fl ow from the pump twin fl owing to 
the placenta via its umbilical arteries, then entering the 
abnormal arterial-to-arterial connections and fl owing 
in a retrograde fashion to the acardiac twin through 
the umbilical arteries. Since this blood fl ow has essen-
tially not gone thorough the placenta, it is relatively 
deoxygenated and nutrient poor. The blood enters the 
acardiac twin via the hypogastric arteries and essen-
tially perfuses only the caudal aspect of the fetus. This 
is why usually only the lower pelvis and extremities 
of the acardiac twin tend to develop. More cephalic 
structures, such as the head, upper body, and heart are 
 either completely absent or severely maldeveloped. 21  

 The blood returning from the acardiac twin fl ows 
back to the placenta via the umbilical vein. Color and/
or spectral  Doppler evaluation of the umbilical arteries 
and vein of the acardiac twin readily show this reversal 

of blood fl ow (Fig. 26-20). Chromosomal abnormalities 
have been reported in approximately 50% of acardiac 
twins. 55,56  Because of the altered hemodynamics, the 
pump twin carries a 50% risk of morbidity or mortality 
secondary to developing high-output congestive heart 
failure, nonimmune hydrops fetalis, and polyhydramni-
os. 57  This risk increases as the size of the acardiac twin 
increases. Therefore, several treatment options aimed 
at stopping perfusion of the acardiac twin have been at-
tempted. These include open hysterotomy and selective 
delivery, as well as various methods of occluding blood 
fl ow, including bipolar, harmonic scalpel, thermal or 
laser  coagulation, coil embolization, and radiofrequen-
cy ablation. 57  Holmes and colleagues reported a 73% 
survival rate of the pump, or normal, twin following 
thermocoagulation, whereas a survival rate of 92% was 
 reported by Lee and associates following radiofrequen-
cy ablation of the umbilical cord. 57,58  

Figure 26-18 Endovaginal ultrasound utilizing color Doppler to 
show fetal vessels covering the internal cervical os (arrowhead) con-
sistent with a vasa previa.

Figure 26-19 Amorphous acardiac fetus (A) coexisting with a nor-
mal fetus (not shown), consistent with TRAP sequence. The intertwin 
membrane (arrowhead) was visualized.

Figure 26-20 Color Doppler image showing retrograde fl ow of the 
umbilical artery (A) and vein ( V ) in an acardiac twin.
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 The sonographic diagnosis of TRAP sequence is fair-
ly straightforward and has been made as early as 11 
weeks’ gestation. 56,59  A normal-appearing fetus, which 
may or may not show signs of hydrops, is observed in 
conjunction with a markedly malformed fetus with no 
discernible cardiac structures. It is not uncommon for 
the acardiac twin to enlarge as pregnancy progresses. 
Most twin gestations affected with TRAP sequence are 
monochorionic/monoamniotic. As stated, Doppler con-
fi rmation of reversal of fl ow in the umbilical cord of the 
acardiac twin confi rms the diagnosis. 

 TWIN-TO-TWIN TRANSFUSION 
SYNDROME (TTTS) 
 TTTS occurs in monochorionic/diamniotic pregnan-
cies. It results when arterial-to-venous anastomoses 
 occur within the shared placenta. This results in return-
ing blood from one fetus to be shunted directly to the 
other fetus, causing an imbalance of perfusion between 
the two fetuses. 40  When pregnancies are affected by 
TTTS, an imbalance in amniotic fl uid occurs, resulting 
in one twin (the “recipient” twin) becoming larger and 
developing polyhydramnios while the other twin (the 
“donor” twin) is smaller and develops oligohydram-
nios. The lack of fl uid in the amniotic sac of the donor 
twin can cause the intertwin membrane to encase this 
fetus, giving the appearance of a “stuck” twin. 21  When 
this occurs, the membrane may not be visualized at all, 
but the fetus appears immobile and in essence “stuck” 
to the uterine wall (Fig. 26-21). Sonographically, TTTS 
can be diagnosed in a twin pregnancy when the fetuses 
are noted to be monochorionic/diamniotic, of the same 
gender, with a weight discordance of 20% or greater, 
and having a major imbalance of amniotic fl uid be-
tween the two amniotic sacs. 

 The hemodynamic alterations in TTTS result in the do-
nor twin perfusing the recipient twin as well as itself. This 
in turn causes the donor twin to become growth restricted, 

hypovolemic, and anemic. Since the recipient twin is be-
ing perfused by the placenta as well as the donor twin, 
it becomes macrosomic, hypervolemic, and plethoric. 
Hydrops may develop in the recipient twin or, less com-
monly, the donor twin. Both twins are at increased risk of 
morbidity and mortality. 60  Cardiovascular manifestations 
are not uncommon in TTTS. The hypervolemic recipient 
twin may develop cardiomegaly, biventricular hypertrophy 
(Fig. 26-22), and tricuspid regurgitation (Fig. 26-23). 61–64  

PATHOLOGY BOX 26-3

Twin Reversed Arterial Perfusion (TRAP) 
Sequence

Formation Sonographic Findings

Monochorionic/
 monoamniotic pregnancy
Twins
• One normal
• One acardiac
Placental arterial-to-
  arterial and venous-to-

venous anastomoses
Acardiac twin supported by 
  normal fetus via placen-

tal anastomoses

Retrograde umbilical artery 
  fl ow to the acardiac twin
Only lower pelvis and 
  extremities of acardiac 

twin form
Congestive heart failure 
  in normal twin due to 

increased load
Nonimmune hydrops 
 fetalis in acardiac twin
Polyhydramnios

A

B

C

Figure 26-21 A: Twin-twin transfusion syndrome: Position of twins 
in the uterus with a schematic representation of the circulation prob-
lem that causes uncompensated arteriovenous shunting during 
twin-twin transfusion syndrome. B: Donor twin in a TTTS gestation, 
“stuck” to the uterine wall secondary to oligohydramnios and the 
intertwin membrane (not visualized) encasing it. C: Monozygotic 
twins with twin transfusion syndrome. Placental vascular anastomo-
ses produced unbalanced blood fl ow to the two fetuses. Photo from 
Sadler T, PhD. Langman’s Medical Embryology, 9th ed. Image Bank. 
Baltimore: Lippincott Williams & Wilkins, 2003.

Figure 26-22 Thickened interventricular septum and heart walls of 
the right (RV ) and left (LV ) ventricles, consistent with concentric hy-
pertrophy in the recipient twin of a TTTS pregnancy. LA, left atrium, 
RA, right atrium.
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 As cardiac dysfunction progresses throughout preg-
nancy, various types of cardiac abnormalities may de-
velop. These are usually right-sided defects. including 
pulmonary stenosis or atresia, resulting from the hyper-
trophied ventricular heart walls and interventricular sep-
tum obstructing right ventricular outfl ow (Fig. 26-24). 
The hypovolemic donor twin is at signifi cantly less 
risk of developing cardiac pathology; however, dilated 
cardiomyopathies and small pericardial effusions have 
been reported. 61,65  For these reasons, formal fetal echo-
cardiography is warranted in the setting of TTTS. 

 Velamentous cord insertion, in which the cord inserts 
directly into the membranes instead of the  placenta, has 
been associated with a greater than 50% risk of TTTS. 66  

 TTTS can present at any time in pregnancy. The 
earlier the onset, the poorer the prognosis. 66  If left un-
treated, TTTS has a reported mortality rate for both 
twins of 60% to 100%. 66  Additionally, if one twin dies 
in utero, the surviving twin is at risk of developing mul-
tiorgan damage, specifi cally abnormalities of the brain, 
secondary to emboli from the deceased fetus. Adverse 
long-term neurologic defi cits have also been reported in 
surviving infants. 67–68  

 The prenatal sonographic diagnosis of TTTS relies 
on identifi cation of a single placenta, same sex fetuses, 
a weight discordance of greater than 20% between the 
fetuses, and signifi cant discrepancy in amniotic fl uid 
volume. A “stuck” twin is usually observed. Quintero 
and associates developed a classifi cation for access-
ing disease severity. In Stage I, oligohydramnios of 
the  donor twin is present but a fetal bladder can be 
visualized. In Stage II the donor’s bladder is no lon-
ger visualized. In Stage III, pulsed Doppler evaluation 
shows absent or reversed end-diastolic velocities of the 
donor’s umbilical arteries, reversed fl ow in the ductus 
venosus, or pulsatile fl ow in the umbilical vein. TTTS 
is considered Stage IV if hydrops is present in the re-
cipient twin and Stage V is when one or both fetuses 
have died in utero. 69  

 In utero treatment of TTTS depends on the gesta-
tional age at the time of diagnosis. If diagnosed in early 
pregnancy, selective termination or termination of the 
entire pregnancy may be considered. In the second tri-
mester, treatment options include serial reduction am-
niocentesis, septostomy of the amniotic membrane, and 
laser or radiofrequency ablation of the anastomoses. 

 Serial reduction amniocentesis involves removing 
fl uid from the polyhydramniotic sac, returning it to a 
normal volume. The theory behind this treatment is that 
removing the excessive fl uid decreases the pressure on 

Figure 26-23 Spectral waveform showing massive tricuspid regurgi-
tation (R) in the recipient twin of a TTTS pregnancy. LA, left atrium; LV, 
left ventricle; RA, right atrium; RV, right ventricle.

Figure 26-24 Elevated velocity through the pulmonary artery of a 
recipient twin in a TTTS pregnancy, consistent with pulmonary ste-
nosis.
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the oligohydramniotic sac and allows increased perfu-
sion of that fetus. Since production of amniotic fl uid is 
a continual process, serial fl uid reductions are usually 
necessary. 

 Amniotic membrane septostomy involves inserting a 
needle through the dividing membrane, essentially cre-
ating a monoamniotic pregnancy to allow equalization 
of amniotic fl uid. However, since monoamniotic preg-
nancies carry their own inherent risks, this procedure is 
not widely utilized. 

 Ablation of the placental anastomoses involves 
identifying the abnormal vessel connections within 
the placenta with a fetoscope and then ablating them 
with laser or radiofrequency technology. This proce-
dure is usually done in conjunction with reduction 
amniocentesis. 

 All treatments carry risk and varying success rates 
have been reported, depending on sample size and the 
precise technique utilized. 70–74  In 2004, Senat and col-
leagues published a study comparing laser ablation and 
serial amnioreduction for treating TTTS between 15 
and 26 weeks’ gestation. They reported a 76% survival 
rate of either twin at 28 days of life for laser ablation 
versus a 56% survival rate when only serial amniore-
duction was utilized. At 6 months of age, the survival 
rates were 76% and 51% respectively. The study also 
reported fewer neurologic sequelae in the laser ablation 
group. 75  Interestingly, the cardiac abnormalities associ-
ated with TTTS do not necessarily resolve or improve 
following any of the in utero  therapies. 61,64,65  

 CONJOINED TWINS 
 Conjoined twins occur in approximately 1 in 50,000 to 
1 in 100,000 live births. 76  Conjoined twins are classifi ed 
by the conjoined (shared) body area. Thoracopagus 
(joined at the thorax), omphalopagus (joined at the ab-
dominal wall), or a combination of the two constitute 
approximately 70% of all conjoined twins. Other variet-
ies include craniopagus (joined at the head), pygopa-
gus (joined at the buttocks), ischiopagus (joined at the 
ischia), and cephalothoracopagus (Figs. 26-25 and 26; 
Table 26-3). 48,77,78  

 Developmentally, conjoined twins arise from mono-
chorionic/monoamniotic gestations with incomplete 
division of the embryo occurring after the 13th day of 
conception during Carnegie stage 5. 87  They are always 
of the same sex, and 70% are female. Sonographic fi nd-
ings in conjoined twins include lack of visualization of 
a separating membrane between the twins, inability to 
separate the fetal bodies or heads (Figs. 26-27 to 26-29) 
despite changes in fetal position, more than three vessels 
in a single umbilical cord, and complex fetal structural 
anomalies. 79  Polyhydramnios is more common in con-
joined twins, occurring in approximately 50% of cases. 76  
Most conjoined twins are born prematurely and approxi-
mately 40% are stillborn. Survival of conjoined twins is 

ultimately dependent on the organs shared, particularly 
the heart. Seventy-fi ve percent of thorocopagus twins 
share a heart and thus are not candidates for successful 
separation. 80  Sharing of brain tissue in craniopagus twins 
is also associated with poor outcomes. Conjoined twins 
can occur in higher-order gestations as well. 81  

 3-Dimensional ultrasound (Fig. 26-30) or magnetic 
resonance imaging (MRI) may be a useful adjuncts to 
conventional ultrasound when attempting to determine 
the extent of organ involvement in conjoined twins. 

 Another form of abnormal twinning is the parasitic 
twin found within the abdomen of its sibling. This is 
referred to as fetus in fetu 82  and should not be confused 
with a teratoma. Although the distinction between 
parasitic twin and teratoma may be diffi cult, it is an 
important point to establish, because teratomas have a 
defi nite malignant potential, whereas the fetus in fetu 
is technically a hamartoma and entirely benign. Fetus 
in fetu occurs more commonly in the upper retroperi-
toneum, whereas teratomas usually arise in the lower 
abdomen, most commonly in the ovaries or the sacro-
coccygeal region. Also, there is usually radiographic or 
at least microscopic evidence of a vertebral column in 
a fetus in fetu. 

 MONOAMNIOTIC TWINS 
 Monoamniotic twins account for approximately 1% of 
all monozygotic twin gestations. This type of twining is 
at highest risk, with a mortality rate of approximately 
50%. 21  Fetal death is usually the result of cord entangle-
ment or preterm birth. 

 Congenital anomalies occur in monoamniotic twins 
in 20% of cases. 83  Monoamniotic twins may be diag-
nosed sonographically in the absence of an intertwin 
membrane; however, thin membranes may be present 
but diffi cult to visualize sonographically, so this is not 
always a reliable sign. Color and pulsed Doppler can 
be utilized to identify cord entanglement, which would 
confi rm one amniotic cavity. Color Doppler can be uti-
lized to identify multiple entangled vessels (Fig. 26-31), 
while pulsed Doppler should be able to document two 
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Figure 26-25 A: Possibilities for partial fusion of fetuses: (A–C) craniopagus; (D–G) thoracopagus; (H–I) pygopagus. B: More complete forms 
of conjoined twinning. (From Patten BM. Human Embryology. New York: McGraw-Hill; 1968). (continued)



Figure 26-26 (continued)

classification of conjoined twins

terata  catadidyma

joined by lower part of body, or twins single in
lower body and double in upper body 

a) pygopagus
back to back, coccyx and sacrum joined

b) ischiopagus
inferior parts of coccyx and sacrum fused;
separate vertebral columns lying in same axis

c) dicephalus
two separate heads on 
one body

d) diprosopus
two faces with one head and one body

terata anacatadidyma

united at midpoint of body

a) thoracopagus
attached along part of thoracic wall; thoracic
and abdominal organs may be abnormal 

b) omphalopagus
attached from umbilicus to xiphoid 
cartilage

c) rachipagus
attached at the vertebral column above the
sacrum

terata anadidyma

single in upper body and double in lower body, 
or  joined by some body part

a) cephalopagus
fused in the cranial vault

b) syncephalus
united at the face; may also be joined by thorax
(cephalothoracopagus)

c) dipygus
single head, thorax, and/or abdomen; pelvis,
external genitalia, and limbs are duplicate

Table 26-3 Classifi cation of conjoined twins.
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A B
Figure 26-30 3D reconstruction of conjoined diprosopus twins that have two faces (A) one head, and one body. This rare confi guration dem-
onstrates two spines (B). (Image compliments of Philips Medical Systems, Bothell, WA.).

Figure 26-27 Transverse static scan showing fused crania (curved 
arrow) in cephalothoracoomphalopagus twins with grossly abnormal 
intracranial contents.

Figure 26-29 Transverse sonogram shows conjoining of twins 
across the anterior abdomen (long arrow). Two fetal spines (short 
 arrows) image posteriorly.

Figure 26-28 Fetuses with fusion of the heads, thoraces, and 
 abdomen. 
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Figure 26-31 Color Doppler showing entangled umbilical cords in 
a MC/MA twin gestation.

separate heart rates. Cord entanglement is not always 
associated with a poor outcome. Rodis and colleagues 
reported a 100% live birth rate and 92% perinatal sur-
vival rate in 13 monoamniotic twin gestations diagno-
ses with cord entanglement. 84  Early delivery is often 
recommended in cases of monoamniotic twins. 

 SELECTIVE REDUCTION 
 Should serious complications occur or serious anom-
alies be detected in multiple gestations, selective ter-
mination may be offered to the parents as an option. 
In cases in which only one twin is affected with a 
serious chromosomal or congenital anomaly, or when 
decreasing the number of fetuses in a multifetal preg-
nancy might improve the perinatal result, selective 
termination of fetuses may be a reasonable alterna-
tive. This procedure usually involves the direct in-
jection of potassium chloride into the fetal heart or 
umbilical vein of the designated twin. Selective ter-
mination should be performed only in dichorionic 
pregnancies. 

 If selective termination is performed on a mono-
chorionic pregnancy or if spontaneous fetal demise 
occurs in a monochorionic pregnancy, the potential 
exists for a thromboembolic substance to be released 
from the dead twin, passing into the surviving twin, 
and causing intrauterine disseminated intravascular 
coagulation (DIC) with potential brain and multior-
gan damage or death. 85  Because monozygotic twins 
are rarely discordant for genetic defects, selective ter-
mination in monozygotic pregnancies would involve 
cases of isolated congenital anomalies or would be 
performed to reduce the number of fetuses. The role 
of ultrasound in this procedure includes locating the 

appropriate fetus, guiding the needle for puncture, 
and monitoring the well-being of surviving fetuses. 
In a series of 100 patients undergoing selective re-
duction, a 4% loss rate of the entire pregnancy was 
reported. 86  

 SUMMARY 
 • Multiple births increase because of delayed child-

bearing, race, genetics, environmental factors, and 
the use of ART. 

 • Clinical fi ndings that raise suspicion for a multiple 
pregnancy are maternal LGA, fi nding multiple heart 
tones, and a MSAFP level of  � 2.5 MOM. 

 • Monozygotic twining is a random event of ovum di-
vision after fertilization. 

 • Dizygotic twinning is infl uenced by genetic factors, 
environmental factors, advanced maternal age, and 
the use of ART and is the result of two ova  fertilization. 

 • Two placentas and membrane sets occur with dizy-
gotic twin gestations, resulting in a dichorionic/di-
amniotic confi guration. 

 • Monozygotic placentation and the number of mem-
branes depends on timing of the division of the ovum 
with membrane confi gurations of dichorionic/diam-
niotic, monochorionic/dichorionic, monochorionic/
monoamniotic. 

 • Complications of a multiple pregnancy include 
preterm birth, IUGR, fetal anomalies, fetal death, 
low birthweight, pre-eclampsia, placental abrup-
tion,  hypertension, placenta previa, and postpartum 
 hemorrhage. 

 • Number and chorionicity can be determined in the fi rst 
trimester; however, as many as 20% of twin pregnan-
cies result in a singleton delivery (vanishing twin). 

 • The twin peak sign is a lambda-shaped ( � ) exten-
sion of two fused placentas between the membranes, 
while a T-sign describes the membrane appearance 
with one placenta and two amnions. 

 • Four layers of fetal membranes in a pregnancy be-
fore 26 weeks, two chorions and two amnions, are 
described as a thick membrane (�1.5 mm), while a 
thin membrane ( � 1 mm) has only two amnions. 

 • A gestational sac lacking fetal membranes is a mono-
amniotic pregnancy. 

 • Biometric measurements for twins mimic a single-
ton pregnancy until approximately 30 weeks, when 
growth may slow. 

 • An increased resistance to blood fl ow within the UAs or 
a decreased resistance observed in the MCAs may occur 
in the setting of IUGR with a multiple pregnancy. 

 • Fetus papyraceus is the demise of a fetus in a twin 
pregnancy, which results in the preservation of a pa-
perlike fetus within the uterus. 
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 • The risk of vasa previa, defi ned as fetal vessels over-
lying the cervical os due to insertion of the umbilical 
cord into the amniotic membrane rather than the pla-
centa, increases with multiple pregnancies and ART. 

 • Acardiac twinning or TRAP sequence is a compli-
cation seen in monozygotic twins when one twin’s 
heart supports two fetuses through arterial-to-arterial 
and venous-to-venous anastamoses occurring on the 
surface of the shared placenta. 

 • The monochorionic/diamniotic twin gestation is at 
risk for development of TTTS in which a shared pla-
centa develops arterial to venous anastomoses. The 
perfusion imbalance of the returning blood results in 
disparate fetal size, and fl uid levels. 

 • Conjoined twins are the result of incomplete division 
of the embryo during the implantation stage occur-
ring after day 13 (Carnegie stage 5). 
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Critical Thinking Questions
A twin pregnancy has the following fi ndings:

 • Fetus 1

• Hydrops fetalis

 • Polyhydramnios

 • Fetus 2

 • Only pelvis and lower extremities developed

 • Single placenta

 • Monochorionic membrane confi guration

 1. Name the syndrome described above.

 2. What is the process that resulted in the fi ndings for 
fetus 2?

 3. How does this sequence differ from TTTS?

 4. Describe how to differentiate the TTTS or TRAP 
syndrome from conjoined twins.

ANSWER 1: TRAP sequence or acardiac twinning
ANSWER 2: Due to the arterial-to-arterial and venous-
to-venous anastomoses on the surface of the single 
placenta, blood fl ows from the pump twin (fetus 1) 
to the placenta via its umbilical arteries, then enters 
the abnormal arterial-to-arterial connections and 
fl ows in a retrograde fashion to the acardiac twin 
through it’s umbilical arteries.
ANSWER 3: TTTS occurs in monochorionic/diamni-
otic pregnancies with arterial to venous anastomoses 
occurring within the shared placenta. There is also 
discordant growth and hydramnios between the 
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ANSWER 4: Conjoined twins are always monochori-
onic/monochorionic pregnancies and have an attach-
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is due to late division of the morula. During the 
sonographic examination the fetuses do not change 
position and appear to be joined at the area that 
failed to separate.
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 27  Intrauterine Growth 
 Restriction (IUGR)
 Michelle Kominiarek 

OBJECTIVES

 Defi ne small for gestational age and symmetric and asymmetric IUGR 

 Summarize the adverse effects of intrauterine growth problems found in prenatal and 
postnatal life 

 Explain the different methods for identifying IUGR fetuses 

 List the two-dimensional (2D) and Doppler parameters that help in diagnosis and 
management of IUGR 

 Describe other methods of fetal assessment such as vibroacoustic stimulation (VAS) 
during an nonstress test (NST) or a biophysical profi le (BPP) and contraction stress 
test (CST) 

 GLOSSARY 

 Acidemia Umbilical vessel pH less than 7.2 

 Aneuploidy Abnormal chromosome number 

 Biophysical profi le (BPP) Combined observation of 
four separate fetal biophysical variables (fetal breathing 
movements, fetal body movement, fetal tone, amniotic 
fl uid index) obtained via ultrasound 

 Brachycephaly Condition of having a short broad head 

 Contractions stress test (CST) Observation of the fetal 
heart rate response to three contractions that are felt by 
the mother in 10 minutes; also known as the oxytocin 
challenge test (OCT) 

 Dolichocephaly Condition of having a head with a 
long shape from the frontal to occipital bone 

 Doppler Noninvasive ultrasound test that measures 
blood fl ow 

 FASTER Study National Institute of Health (NIH) study 
that compared fi rst-trimester  �  hCG/PAPP-A/NT with 
second-trimester screening methods 

 Hypoxemia Low oxygen blood level 

 Hypercapnia High levels of carbon dioxide 

 Idiopathic Without known cause 

 Intrauterine growth restriction (IUGR) Estimated fetal 
weight less than the 10th percentile for the  gestational age 

 Low birth weight (LBW) Birth weight below 
2,500 grams (g) or 5 lbs 8 oz 

 Macrosomic Weight greater than 4200 – 4500 grams 

 Morbidity Incidence of a specifi c disease in a 
 population for a set amount of time 

 Nonstress test (NST) Method of assessing fetal well-
being by observing the fetal heart rate response to fetal 
movement 

 Oligohydramnios Low amniotic fl uid levels 

 Polyhydramnios High amniotic fl uid levels 

 Preeclampsia Hypertension, and  protein in the urine, 
occurring during pregnancy 

 Sensitivity The proportion of people who test positive 
for a disease who actually have the disease 

 Specifi city The proportion of people who test negative 
for the disease who do not have the disease 

 Small for gestational age (SGA) Diagnosis used to 
describe an infant that is smaller than expected for the 
gestational age 

 Triploidy Having three complete sets of chromosomes 

 Trisomy Having three copies of a specifi c chromosome 

 Vibroacoustic stimulation (VAS) A noninvasive method 
of evoking a reactive NST in fetuses found to be in a low 
activity state via a device that emits vibration and sound 

 KEY TERMS 

 fetal growth restriction  |  intrauterine growth restriction (IUGR)  |  small for gestational 
age (SGA)  |  symmetrical IUGR  |  asymmetrical IUGR  |  nonstress test (NST)  |  biophysical 
profi le (BPP)  |  pulsatility index (PI)  |  resistive index (RI)  |  systolic-diastolic (S/D) ratio  |  
amniotic fl uid index (AFI) 
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defi ned IUGR. 8,9,10  EFW combined with physiologic 
or clinical parameters, ponderal indices below 10%, 
failure to achieve growth potential have also defi ned 
IUGR. 11  By this latter method, IUGR could occur at an 
EFW above the 10th percentile in an undernourished 
fetus that measures at the 15th percentile whose ge-
netic composition would have predicted a weight at 
the 90th percentile, for example. In this chapter, we 
use the most widely accepted prenatal defi nition of 
IUGR: an EFW below the 10th percentile for the gesta-
tional age. 

 PREVALENCE 
 The prevalence of IUGR in the general population de-
pends on the defi nition used. That is, if less-than-
10th-percentile defi nes IUGR, then 10% of infants in a 
low-risk population will be affected; if one chooses less-
than-third-percentile, 3% will be affected, and so on. 
However, in populations at risk, the prevalence increas-
es. For example, women with hypertension or a previous 
growth-restricted infant have greater risks for IUGR, and 
the prevalence may be as high as 25% or more in these 
populations. 12  

 ADVERSE EFFECTS 
 For fetuses identifi ed as having IUGR, many clinical prob-
lems occur more commonly during perinatal life, child-
hood, and adulthood than in the normal  population. 

 According to the Centers for Disease Control and Pre-
vention, 4,265,555 infants were born in the United 
States in 2006. 1  Of these births, 8.3% had a low birth 
weight (LBW), and this is the highest number of LBW 
infants reported in four decades. In 2006, the infant 
mortality rate was 6.69 infant deaths per 1,000 live 
births. 2  Similarly, there were 6.22 stillbirths per 1,000 
births in 2006. Although progress in perinatal care 
has resulted in increased survival for LBW infants, 
the rate of infant deaths attributed to prematurity/
LBW was 113.5 per 100,000 live births in the United 
States in 2005. 3  A newborn’s birth weight closely re-
lates to risks for early death and long-term morbidity; 
infants born at the lowest weights have the highest 
mortality rates at one year of life. 2,4,5  Similarly, still-
birth rates decrease as fetal weight increases. 6  The 
majority of LBW infants are born prematurely (before 
37 completed weeks of gestation); however, infants 
too small for their gestational age are likely a result of 
intrauterine growth restriction (IUGR). Reliable iden-
tifi cation and treatment of these small infants before 
birth may greatly affect United States health care and 
its costs. 

 A fetus at risk for growth restriction is fi rst iden-
tifi ed by clinical and laboratory measures such 
as poor symphysis to fundal height growth, poor 
 maternal weight gain, unexplained elevation in ma-
ternal  serum alpha-fetoprotein (MSAFP), underlying 
 maternal complication(s), or a history of IUGR in a 
prior  pregnancy. 1  Prenatal sonography then evaluates 
the existence of a potential discrepancy between fetal 
size (as ascertained by sonography) and gestational 
age (as ascertained by the date of the last menstrual 
period or conception). Once this is established, so-
nography can assess interval growth and fetal well-
being. Although several methods can identify IUGR 
fetuses, ultrasound seems to be the most accurate and 
sensitive. 

 DEFINITION OF IUGR 
 An electronic search of the Medline database (www
.pubmed.com) for “intrauterine growth restriction” 
found over 14,000 articles on this subject. Despite the 
plethora of studies, there is still confusion about the 
defi nition and treatment of fetuses with IUGR. Conse-
quently, the diagnosis is not always straightforward. 
The estimate of fetal weight (EFW) has served as the 
basis for assessment of normal fetal size and growth. 
IUGR has been defi ned in several ways, including an 
EFW below the 3rd, 5th, or 15th percentile for a popu-
lation, two standard deviations (SD) below the mean 
for gestational age, or a weight decline of at least 10% 
between two weight estimates as determined by so-
nographic  biometry. 7,8  A lagging abdominal circumfer-
ence, defi ned as either below the 10th percentile, or 
two SD below the mean for gestational age, has also 

 PATHOLOGY BOX 27-1 

 Pathology Associated With IUGR 

  Perinatal  

Intrapartum fetal heart rate abnormalities
 Hypoglycemia 
 Hypocalcemia 
 Meconium aspiration 
 Hypothermia 
 Complex hematologic problems (anemia, 

thrombocytopenia, polycythemia) 
 Necrotizing enterocolitis 
 Multisystem organ failure 
 Mortality 

  Childhood  

 Hypertension 
 Decreased intelligence and motor development 
 Poorer performance in school 

  Adult  

 Cardiovascular disease 
 Hypertension 
 Diabetes 
 Obesity 
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and shorter statures than their AGA counterparts. Pre-
term IUGR children are more likely to have neurodevel-
opmental abnormalities and cognitive  impairment. 23,26  

 EFFECTS IN ADULTHOOD 

 Advances in neonatal care have dramatically improved 
the survival of both IUGR and LBW infants. There is a 
long-term cost to restore normal growth in infancy and 
childhood. Adults who had IUGR are at a much higher 
risk for acquired heart disease, lipid abnormalities, and 
diabetes in later life. 27  Multiple studies have supported 
the Barker hypothesis, which states that the in utero 
environment leads to the fetal origins of adult disease 
that persist into infancy, childhood, and adulthood. 28,29  
The intrauterine vascular changes become detrimental 
long term, resulting in hypertension, cerebral vascular 
accidents, diabetes, atherosclerosis, and obesity. 27,28,30  
Although seemingly paradoxical, poor nutrition during 
fetal life, infancy, and early childhood alters gene ex-
pression and thereby establishes adult responses, with 
one of the end results being obesity. 31  

 ETIOLOGY 
 Fetal growth abnormalities are thought to be idiopathic 
in half of the cases and multifactorial in the remain-
der. Some fetuses are constitutionally small because of 
genetic or racial infl uences. 32  It is diffi cult to discern 
the normal group from fetuses that are compromised 
by malnourishment, uteroplacental insuffi ciency, or 
other hemodynamic malady. Recent advances in pre-
natal Doppler interrogation are reducing the number of 
idiopathic cases by identifying the underlying causes of 
disease. However, the mechanisms that cause the poor 
growth are not well understood. Risk factors or etiolo-
gies of IUGR can be divided into three groups: mater-
nal, fetal, and  placental. 

 Of all the maternal factors, pre-eclampsia is associ-
ated with the most severe growth defi cits. 33  Upon the 
diagnosis of IUGR there should be a thorough search 
for an etiology with a detailed exam of the fetal anat-
omy. Depending on the fi ndings and clinical history, 
an evaluation for aneuploidy and infection might be 
indicated. Poor intrauterine growth and subsequent 
LBW are common features of many chromosomal ab-
normalities and in other fetuses with structural abnor-
malities. 35  The incidence of a chromosome abnormal-
ity in an infant of LBW is approximately 10%. 35  Many 
of these fetuses have multisystem malformations and 
altered body proportionality. Triploidy and trisomy 18 
are the most common chromosomal defects associated 
with IUGR between 17 and 39 weeks. 35  When no so-
nographically identifi able malformation can be seen, 
the incidence of aneuploidy decreases. With severely 
impaired fetal growth, the risk of a chromosome ab-
normality is increased even more if there are abnor-
mal amounts of amniotic fl uid or there are abnormal 

 EFFECTS AND ASSOCIATIONS DURING 
PERINATAL LIFE 

 The perinatal period is the interval between the onset of 
fetal viability (�24 weeks) and the end of the neonatal 
period (�28 days after delivery). The fetus with poor 
intrauterine growth has a fi vefold to tenfold increase in 
risk for perinatal mortality (�0.5% to 1% risk), com-
pared with the normal size fetus (0.1%). 13  In addition, 
26% of stillborn fetuses are small for gestational age, 14  
and the risk for stillbirth is more pronounced with pre-
term IUGR. 15  

 Fetal adaptations occur in response to an adverse en-
vironment such as IUGR. The responses are described 
in further detail below, but they include redistributions 
in blood fl ow such that nutrients and oxygen are di-
rected to essential organs such as the brain. There is 
also a decrease in umbilical vein (UV) volume, 16  which 
leads to a greater diversion of the relatively nutrient- 
and oxygen-rich umbilical venous blood through the 
ductus venosus (DV) away from the liver and to the 
fetal heart. This blood then passes through the fora-
men ovale and enters the left side of the heart, where 
it is preferentially directed to the coronary and cerebral 
circulations. 17,18  Changes that occur later in the process 
include decreased cardiac output as a result of rising af-
terload (tension produced by a chamber of the heart in 
order to contract). As a result, the ability to handle pre-
load (the pressure stretching the ventricle of the heart 
after passive fi lling of the ventricle and subsequent 
atrial contraction) signifi cantly decreases, leading to an 
 elevated central venous pressure (CVP). The fi nal stage 
in the process of adaptation is decompensation with 
global heart dysfunction and dilatation. 

 Some immediate neonatal risks include meconium 
aspiration, hypoglycemia, electrolyte abnormalities, 
hematologic complications, and hypothermia. 19  These 
risks are even greater for preterm gestations. Several 
studies suggest that the intact survival rates are less 
than 50% for fetuses with IUGR at gestations under 
28 weeks. 20,21,22  

 EFFECTS DURING CHILDHOOD 

 Children who were growth restricted in utero have an 
increased risk for short- and long-term morbidity. 13  
Physical, metabolic, and neurologic complications 
 occur. Studies have also shown that IUGR infants born 
at term are at increased risk for having learning dis-
abilities, behavioral problems, and worse performance 
in school than term, average for gestational age (AGA) 
children. 23  Neurologic damage can be seen as low 
scores on neurodevelopmental tests and reduced cogni-
tive function. 8,25,26  

 Children affected by IUGR have been found to have 
higher blood pressure compared with controls. 73  Most 
 infants catch up on growth by 18 years, but fetuses that 
are below the 3rd percentile tend to have lower weights 
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as herpes simplex virus, cytomegalovirus, rubella, and 
varicella zoster do not have ultrasound fi ndings, head 
and central nervous system abnormalities (ventricu-
lomegaly, intracranial calcifi cations, microcephaly, 
hydrancephaly), organomegaly (heart, liver, spleen), 
nonimmune hydrops, and parenchymal calcifi cations 
(i.e., liver) can occur. 

 IDENTIFICATION OF IUGR 
 WEIGHT-BASED THEORIES 

 As stated, the sonographic prediction of EFW forms 
the foundation for the identifi cation of the small fetus 
and poor fetal growth. Table 27-1 lists birth weight per-
centiles from the 23rd to the 44th week of pregnancy. 
This table shows, for example, that LBW fetuses weigh 
less than approximately 2,510 g and 2,750 g at the 38th 
and 40th weeks of pregnancy, respectively. It should be 
noted that the birth weights listed in Table 27-1 are de-
rived from pregnant women living at or near sea level. 
One of the original articles on growth curves and birth 
weights described Caucasian and Hispanic populations 
in  Denver, Colorado. 37  Habitants of higher altitudes live 
in a chronic hypoxemic state, which results in lower 
birth weight. There is also a direct relationship between 
increasing altitude and lower birth weight, as deter-
mined by studies done in Denver, Colorado (altitude 
1,600 m) and Leadville, Colorado (altitude 3,100 m), 
 Tibet (altitude 3,658 m), and Peru. 38–40  Birth weight 
data from 15  areas in Peru located anywhere from sea 
level to 4,575 m showed that birth weight declines an 
average of 65 g for every additional 500 m in altitude 
above 2,000 m. 39  Pregnancy among inhabitants of Cerro 
de Pasco, Peru (altitude 4,370 m) was associated with 
31% lower maternal cardiac output and 11% lower 
birth weight than observed in pregnant women resid-
ing at sea level (mean birth weight 2,935 and 3,290 g, 
respectively). 40  It is also important to note that there 
are several options available for determining birth 
weight percentile, including ones specifi c for preterm 
 gestations. 36,41–44  

 IUGR CATEGORIES 
 The traditional model for abnormal fetal growth defi nes 
two types of aberrant growth: symmetric and asymmet-
ric IUGR. An asymmetrical growth pattern usually refers 
to a growth pattern where the abdominal circumference 
that lags greater than the biparietal diameter for the ges-
tational age. Placental insuffi ciency is often presumed 
to be the etiology in these cases, whereas genetic dis-
orders, aneuploidy, fetal infections, congenital malfor-
mations, and other syndromes account for symmetrical 
growth lag (all biometry measurements are small). 

 Not all clinicians or ultrasound units accept this 
division of IUGR types. A newer classifi cation that 

 PATHOLOGY BOX 27-2 

 Risk Factors Associated With IUGR 

  Maternal  

 Low socioeconomic status/poor maternal nutrition 
( prepregnancy weight  � 50 kg) 
 Coexisting maternal disease, infection, or genetic 
 disorder, including: 

•  Collagen vascular disease (i.e., systemic lupus 
 erythematosus) 

•  Chronic and severe renal, cardiovascular, or 
 respiratory diseases 

•  Hypertension and preeclampsia 
•  Diabetes 

 Antiphospholipid antibody syndrome 
 Infl ammatory bowel disease 
 Lung disease 
 Sickle cell anemia 
 Maternal drug use/teratogenic exposure 

•  Alcohol 
•  Narcotics 
•  Nicotine 
•  Dilantin 
•  Propranolol 
•  Steroids 
•  Irradiation 

 Prior child of unexplained low birth weight 
 History of IUGR pregnancy 
 Preterm birth 
 High altitude 

  Fetal  

 Aneuploidy 
 Congenital infections (cytomegalovirus, varicella zoster) 
 Genetic syndromes 
 Congenital anomalies 
 Monochorionic twins 
 Twin-to-twin transfusion 
 Higher-order multiples 

  Placental  

 Placental mosaicism 
 Placental abruption 
 Placenta previa 
 Marginal or velamentous umbilical cord insertion 
 Placental neoplasms 
 Circumvillate placenta 
 Advanced placental grade 

placentofetal Doppler indices. 36  Abnormal placental de-
velopment is associated with poor placental function, 
and the chromosomally abnormal fetus has a chromo-
somally abnormal placenta. Therefore, the IUGR asso-
ciated with the aneuploid (karyotypically abnormal) 
fetus may also be caused by primary placental insuf-
fi ciency due to placental maldevelopment. Although 
most fetuses with perinatal-acquired infections such 
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 TABLE 27-1 

  F etal Weight Percentiles Throughout Pregnancy 

Gestational Age 
(Menstrual Weeks)

Smoothed Percentiles

10 25 50 75 90

23 370 460 550 690 990
24 420 530 640 780 1,080
25 490 630 740 890 1,180
26 570 730 860 1,020 1,320
27 660 840 990 1,160 1,470
28 770 980 1,150 1,350 1,660
29 890 1,100 1,310 1,530 1,890
30 1,030 1,260 1,460 1,710 2,100
31 1,180 1,410 1,630 1,880 2,290
32 1,310 1,570 1,810 2,090 2,500
33 1,480 1,720 2,010 2,280 2,690
34 1,670 1,910 2,220 2,510 2,880
35 1,870 2,130 2,430 2,730 3,090
36 2,190 2,470 2,650 2,950 3,290
37 2,310 2,580 2,870 3,160 3,470
38 2,510 2,770 3,030 3,320 3,610
39 2,680 2,910 3,170 3,470 3,750
40 2,750 3,010 3,280 3,590 3,870
41 2,800 3,070 3,360 3,680 3,980
42 2,830 3,110 3,410 3,740 4,060
43 2,840 3,110 3,420 3,780 4,100
44 2,790 3,050 3,390 3,770 4,110

 Adapted from Brenner WE, Edelman DA, Hendricks CH: A standard of fetal growth for the United States of America.  Am J Obstet Gynecol . 
1976;126:555. 

includes Doppler (discussed in subsequent sections 
in this chapter) and clinical parameters in addition to 
biometry allows for the classifi cation of IUGR and also 
has some prognostic value for perinatal outcomes, 
i.e., worsening of stage is correlated with higher peri-
natal morbidity and mortality. 45  In this classifi cation, 
fetuses in stage I have an abnormal umbilical artery 
or middle cerebral artery pulsatility index (PI). Those 
in stage II have an abnormal middle cerebral artery 
peak systolic velocity, absent or reversed umbilical ar-
tery diastolic fl ow, UV pulsations, and an abnormal 
DV PI. Fetuses in stage III have reversed fl ow at the 
DV or reversed fl ow at the UV, an abnormal tricuspid 
E wave (early ventricular fi lling)/A wave (late ven-
tricular fi lling) ratio, and tricuspid regurgitation. Each 
stage is subdivided into either A (amniotic fl uid index 
 � 5 cm) or B (amniotic fl uid index  � 5 cm). This par-
ticular staging criteria included fetuses with an EFW 
below the 10th percentile but excluded those with 
structural anomalies, aneuploidy, or infection. The in-
vestigators in this study managed stage I fetuses as an 
outpatient, while both stage II and III were admitted 
to the hospital, stage II for observation and the major-
ity of stage III for delivery. The rationale behind the 

different categories and staging examples is that IUGR 
fetuses are not a homogeneous group and outcomes 
differ depending on IUGR etiology. Most ultrasound 
units have individualized practices regarding categori-
zation of IUGR fetuses. 

 CALCULATING WEIGHT PERCENTILE 
 Doubilet and Benson originally described a “straightfor-
ward” approach to screen for IUGR by assessing for an 
EFW below the 10th percentile. 46  It is presented below 
in a modifi ed version. Calculating the weight percentile 
requires three steps 47 : 

 1. Determination of gestational age from the fi rst 
ultrasound examination, last menstrual period, 
or conception date. For every subsequent exami-
nation, calculate the gestational age by adding 
the number of weeks that have passed since the 
fi rst examination. Biometry obtained at all sub-
sequent examinations should never be used to 
redate the pregnancy. 48  This basic tenet of preg-
nancy dating cannot be overemphasized, espe-
cially in the screening and diagnosing of IUGR. 
The predictive error of ultrasound increases as 
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accuracy of the predicted EFW falls within 10% 
to 20% of the actual weight in 80% to 95% of 
cases. 54  The reliability of EFW predictions is not 
infl uenced by amniotic fl uid amounts or mater-
nal weight. 55  

 Most of these formulas for EFW use the biparietal di-
ameter (BPD), head circumference (HC), abdominal cir-
cumference (AC), or femur length (FL) measurements. 
Campbell et al., Ferrero et al., Hadlock et al., and  Warsof 
et al. formulas used the FL and AC; Shepard et al. used 
BPD and FL; Hadlock et al., Hill et al., Woo et al., and 
Benson et al. used FL, AC, and BPD; Roberts et al. used 
FL, AC, BPD, and HC; and Sabbagha et al. used HC, AC, 
and FL (see Appendixes L, M, N). 9,10,14,15,20,32,41–44,46,47,52,53  

 In this chapter, we discuss the three most popular 
formulas. 

 FORMULA BY SHEPARD AND COWORKERS 56  

 This formula incorporates only BPD and AC. Its predic-
tive error is high ( � 10% to 15%), and it is particularly 
accurate in small infants. 57  Although there have been 
several articles that validate the effi cacy of this formula, 
it has two limiting factors. First, “normal” changes in 
head shape as pregnancy continues, or normal variants 
in head shape such as dolichocephaly and brachyceph-
aly, can alter BPD measurements. Second, it does not 
use the HC and FL, considered by some as important 

the gestation increases and is approximately  � 5 
days in the fi rst,  � 10 days in the second, and 
 � 21 days in the third trimester. If ultrasound 
estimates of gestational age differ by a greater 
number, then redating is appropriate in most in-
stances at the fi rst  ultrasound. It is also known 
that earlier sonographic biometry has a greater 
accuracy of gestational dating. The accuracy of 
measuring all biometric parameters decreases 
with advancing gestational age; femur length is 
least affected. 49  Of note, a study of over 17,000 
patients between 8 and 16 weeks’ gestation 
found ultrasound to be superior to LMP for esti-
mation of gestational age. 50  

 2. Estimate the fetal weight. There are multiple ar-
ticles providing formulas or tables using various 
body parts in estimation of fetal weight. 51–53  The 
formulas were developed more than 25 years 
ago and are still used today. Schemes with two, 
three, or more measurements have been offered, 
including those using the biparietal diameter, 
head circumference, abdominal circumference, 
femur length, and humerus length (discussed in 
Chapter 16). A reasonable model for estimating 
fetal weight would include measurement of the 
fetal head, abdomen, and femur. 54  The use of 
multiple parameters has been shown to decrease 
both interobserver and intraobserver error. The 

 PATHOLOGY BOX 27-3 

 Fetal Growth Categories 8,88,118–124  

     Potential Potential
 Type Defi nition Cause 2D Findings Doppler Findings 

Symmetric IUGR* All  biometric 
 parameters 
 below 10%

Maternal  infection; 
fetal  chromosome 
 anomalies 
or  placental 
 insuffi ciency 
 occurring in the fi rst 
trimester; maternal 
 hypertension

BPD, AC, FL, HC mea-
sure small;  normal 
BPD/AC ratio, possi-
ble  oligohydramnios, 
estimated fetal 
weight below 10th 
percentile, grade III 
placenta

Increased RI, PI, S/D 
ratio in aorta, umbili-
cal cord artery, and 
maternal uterine 
artery; reversed or 
absent umbilical cord 
artery fl ow;  umbilical 
vein pulsations; 
decreased RI, PI, 
S/D ratio in MCA, 
reversed fl ow in the 
DV or UV; abnormal 
tricuspid E wave A 
wave ratio; tricuspid 
regurgitation

Asymmetric IUGR Discordant biometric 
growth pattern

Normal growth in 
the fi rst trimester; 
maternal, fetal, or 
placental disorders 
occurring in the 
second and third 
trimester; maternal 
hypertension

BPD/HC correlate 
with dates, AC/FL 
lag, BPD/AC ratio 2 
standard deviations 
above the normal, 
possible oligohy-
dramnios, estimated 
fetal weight below 
10th percentile, grade 
III placenta

Small for 
 gestational age 
(SGA)

All biometric param-
eters below 10%

No known cause. May 
relate to parental 
habitus, and  family 
history, normal 
 maternal blood 
 pressure

BPD, AC, FL, HC 
measure small; 
normal BPD/AC 
ratio; normal fl uid, 
placenta appropriate 
for gestational age

Values may or may 
not change, usually 
normal

*Often considered a subset of the SGA category; however, there are different causes of the growth changes.
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provided by early CRL, and/or HC, or AC, and FL, 
again, if the estimates do not differ from each other 
by more than one week. 

 In estimating fetal weight by the targeted formu-
las, the percentile rank of the AC determines which 
of the three formulas should be employed. For ex-
ample, if the AC is at least in the 90th percentile, the 
formula for the large-for-dates fetus is used. On the 
other hand, if the AC is average (between 10th and 
90th percentile), the formula for the appropriate-for-
dates fetus is used. Finally, if the AC is below the 5th 
percentile, the formula for the small-for-dates fetus 
is used. 

 In comparison to Hadlock’s formula, the targeted 
formulas reduce the cumulative two SD variation by 
8.4%. On the other hand, the cumulative absolute 
two SD variation of the targeted formulas is 12% 
versus 15.6% for Hadlock’s formula, a reduction 
of 23%. 58  Of all studies that incorporate fetuses of 
low birth weight, the formulas by Sabbagha et al. 
have the lowest systematic errors (1.7% to 2.8%) 
and SD (8.1% to 9.1%). 51  It should be emphasized 
that the advantage of reducing the two SD variation 
achieved by the targeted formulas may be lost if ges-
tational age cannot be determined within a range of 
 � 2 weeks. 

 The format of deriving estimates of fetal weight by 
the sum of four variables allows the sonographer the 
choice of reading the estimated fetal weight directly 
from a concise chart or entering all three formulas into 
a computer for automatic calculation of the estimated 
fetal weight. 

 The weight percentile is calculated from the estimat-
ed weight and the gestational age. This is typically ac-
complished using a published table that reports normal 
weight for gestational age. Of particular importance 
is the determination about whether the fetal weight 
falls below the 10% percentile (Table 27-1). In the sec-
ond trimester, the femur length is the most accurate 
 measure of gestational age, followed by head circum-
ference, biparietal diameter, and abdominal circumfer-
ence. 60  However, the AC percentile has both the highest 
sensitivity and  negative predictive value for the sono-
graphic diagnosis of IUGR. 

 The formulas described above relate to fetal mea-
surements in the second or third trimester. Previously, 
it has been assumed that fetal growth is uniform in the 
fi rst trimester in all pregnancies. Some studies have de-
scribed a link between abnormalities in fi rst-trimester 
growth and the risk for subsequent adverse outcomes. 
In a retrospective review of 30,000 pregnancy records, a 
fi rst-trimester CRL that was 2 to 6 days smaller than ex-
pected was associated with an increased risk (as com-
pared with a normal or slightly larger than expected 
CRL) of a birth weight below 2,500 g (relative risk [RR] 
1.8, 95% confi dence interval [CI] 1.3 to 2.4), a birth 
weight below 2,500 g at term (RR 2.3, 95% CI 1.4 to 

measurements in determining weight. Despite these 
problems, many recommend this technique for estimat-
ing the fetal weight. 58  

 FORMULA BY HADLOCK AND COWORKERS 

 This formula incorporates three basic measurements: 
HC, AC, and FL (Table 27-2). 57  With this approach, the 
two SD variation in the prediction of birth weight has 
been reduced. 59  However, the authors have reported a 
wide error ( � 19.4%) in estimating the size of fetuses 
that weigh less than 1,500 g. The formula has been 
found more accurate in fetuses over 2,500 g, and it 
does not consider the proportional contributions of HC 
and AC to birth weight. These contributions are known 
to be in a dynamic state of change. In other words, the 
HC/AC ratio normally changes throughout pregnancy 
and with some pathologic states. The following ex-
amples illustrate the dynamic differences that exist in 
the HC/AC ratios: (1) Before the 36th pregnancy week, 
the HC/AC ratio is greater than 1.0. (2) Following the 
36th pregnancy week, the HC/AC ratio is less than 1.0. 
(3) In the macrosomic fetus, the HC/AC ratio is less 
than 1.0. 

 FORMULAS BY SABBAGHA AND 
COWORKERS 

 To account for the dynamic varying proportional con-
tributions of the HC and the AC, these investigators 
derived three formulas, one from each of three fetal 
groups: large, appropriate, and small for gestational 
age. Each of the three formulas is targeted to a spe-
cifi c group of fetuses. All three targeted formulas in-
corporate the following four parameters: gestational 
age in weeks, HC, AC (multiplied by 2), and FL. The 
accuracy of the assigned gestational age should be 
within  � 2 weeks and preferably decided by one of 
the following criteria: (1) early crown-rump length 
(CRL) or BPD (measurements obtained before 13 and 
26 weeks’ gestation, respectively); (2) known ovula-
tion dates or certain last menstrual period; (3) con-
fi rmation of menstrual dates by early CRL or BPD, 
as defi ned in criterion 1; (4) the average of different 
dates estimated by early CRL and/or BPD, and FL, if 
the estimates do not differ from each other by more 
than a week; and (5) the average of different dates 

 TABLE 27-2 

 Formula for Estimation of Fetal Weight 

 Log 10 BW  �   1.5662 � 0.0108(HC)  �  0.0468(AC)  �  0.171(FL) 
 �  0.00034(HC) 2  � 0.003685(AC  	  FL) 

 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. 
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formula 73  and others 74,75  also show a slight improve-
ment in measurement errors (6% to 7%) compared to 
2D techniques. There have only been a few reports of 
3D ultrasound in the LBW or IUGR fetus. Boito et al. 
described fetal brain/liver ratios (analogous to HC/AC 
ratios) measured by 3D ultrasound in 23 IUGR fetuses 
and compared these ratios with matched AGA fetuses. 
They found the ratio to be signifi cantly elevated in 78% 
of the IUGR fetuses—the ratio in AGA fetuses was 3:1 
compared to 5 to 7:1 in the IUGR fetuses. 148  Schild et al. 
reported 3D sonography in the EFW of smaller fetuses 
(greater than 1,600 g). With a formula involving the ab-
dominal volume, HC, thigh volume, FL, and BPD, there 
was improvement in errors compared to the currently 
used formulas. 75  Although these studies show promise 
in improving the accuracy of EFW, the formulas have 
not been tested in large populations. In addition, 3D 
ultrasound techniques require technically sophisticated 
and expensive ultrasound equipment, special train-
ing and extra skills for examiners, and are more time 

3.8), and a birth weight below the 5th percentile for ges-
tational age (RR 3.0, 95% CI 2.0 to 44). 61  Similarly, in a 
prospective study of 976 assisted reproduction pregnan-
cies, increased size for gestation in the fi rst trimester 
was associated with higher birth weight, and the risk of 
delivering an SGA infant decreased as the fi rst-trimester 
fetal size increased. 62  This again highlights the greater 
accuracy of early ultrasound for pregnancy dating. 

 NON-WEIGHT BASED PARAMETERS 

 Several other biometric methods have been proposed 
to aid in the identifi cation of IUGR. These include 
the brain’s gyral patterns, 63  the transcerebellar diam-
eter, 61,64  evidence of decreased adipose deposits, 19,65  foot 
length, 66  the imaging of the distal femoral epiphysis 
or proximal humeral epiphysis, ratios of the HC to the 
AC 67,68  or the AC to the FL, 67  amniotic fl uid volumes 
(without premature rupture of membranes), 68  the pres-
ence of a Grade 3 placenta, 47  echogenic bowel, 69  vol-
umes of intracranial structures, 70  femur volume 71  and 
humerus volume (Figs. 27-1–3). 72  For an independent 
technique to be clinically useful, it must have a high 
degree of sensitivity, specifi city, and high predictive 
values. Unfortunately, no single sonographic parameter 
allows for the confi dent diagnosis of IUGR. The most 
accurate diagnosis is achieved by using multiple bio-
metric and structural parameters. 46  

 Advances in ultrasound technology have enabled 
modern ultrasound equipment to acquire, analyze, and 
display 3D ultrasound volumes. This has allowed fur-
ther defi nition fetal structure as well as an investiga-
tion into its use for predicting EFW. Lee et al. used 3D 
ultrasound to calculate fractional limb volumes in the 
third trimester and developed a formula incorporat-
ing fractional thigh volume and AC that gave a slight 
but statistically signifi cant improvement in EFW com-
pared with traditional 2D ultrasound techniques. 73  This 

 Figure 27-1 Grade III placenta with calcifi cations. (Image courtesy of 
Philips Medical Systems, Bothell, WA.) 

 Figure 27-2 Echogenic bowel in the fetal abdomen. (Image cour-
tesy of Philips Medical Systems, Bothell, WA.) 

 Figure 27-3 Measurement of the fetal cerebellum.  
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is normal for multiples to be smaller than singletons, 
but being smaller than singletons does not necessarily 
mean that multiples are pathologically growth restrict-
ed. Twins and triplets have different growth patterns 
compared to singletons. Twin growth is similar to that 
of singletons until 30 to 32 weeks and varies by chori-
onicity. 82,83  After 32 weeks, an asymmetric pattern of 
growth is more likely. A study of 2,477 triplets suggests 
that using singleton curves to diagnose growth restric-
tion results in a higher false-positive rate than using 
triplet curves after 31 weeks of gestation; however, trip-
let curves are less sensitive. 84  There is some controversy 
in the literature as to the use of singleton growth curves 
for multiple gestations, and most ultrasound units indi-
vidualize this practice. 

 CLINICAL PARAMETERS 
 Older studies have suggested using clinical parameters 
to improve predictability in cases of IUGR. 85  One partic-
ular approach allows the diagnosis of IUGR if the EFW 
corresponding to the gestational age, amniotic fl uid vol-
ume, and maternal blood pressure status (Table 27-3) 
falls below the designated values. An EFW between 
these two groups of values is indeterminate for IUGR, 
whereas an EFW that falls in a higher zone of values 
 excludes or “rules out” IUGR (with a similar high de-
gree of confi dence). Both the diagnosis and the exclu-
sion of IUGR are 85% predictive. 

 FETAL GROWTH RATE 

 When IUGR is not diagnosed at term, then serial mea-
surements at several points during the pregnancy are 
recommended so that longitudinal changes in growth 
can be shown. 46  Fetuses that are not constitutionally 
small grow at a slower rate than others. Growth assess-
ment can be direct (monitoring the growth rate) or in-
direct (deviations from the expected size). Indirect as-
sessment implies that the normal range of growth over 
time is known. This would allow for a computation of 
the growth rate by dividing the growth by the time in-
terval. The growth rates for the BPD, AC, and FL are 
known. 86  Fetal growth is usually continuous and not 
sporadic. Because the technical capability of ultrasound 
limits the identifi cation of growth problems, the rec-
ommended interval between ultrasound evaluations is 
approximately 3 weeks. Shorter intervals may increase 
the likelihood of a false-positive diagnosis of abnormal 
growth. 60  

 FETAL PHYSIOLOGY 

 Fetal maladaptation syndrome (FMS) occurs when the 
fetus can no longer compensate physiologically in a 
stressful environment. One of the fi rst sequelae of mal-
adaptation is poor intrauterine fetal growth. Commonly, 

consuming compared to 2D ultrasound. Furthermore, 
whether or not 3D techniques signifi cantly improve 
our ability to diagnose and manage IUGR has not been 
 determined. 

 Magnetic resonance imaging (MRI) helps in preg-
nancy evaluation and can complement ultrasound 
studies. Though it is more commonly used for evalu-
ation of fetal structure or placentation, several studies 
describe volume techniques to predict EFW. This in-
cludes Baker et al., who describe low systematic errors 
(0.4%) and SD (5.1%), and Uotila et al., who report 
a better correlation between MRI EFW (r  �  0.95) and 
birth weight than ultrasound (r  �  0.77). 76,77  Zaretsky 
et al. studied 80 pregnant patients at term and cal-
culated EFW using both the Hadlock formula with 
 ultrasound techniques and a volumetric formula, fetal 
weight  �  0.12  �  [0.031(volume in mL)] using MRI, 
which involved adding up the sum of the fetal areas 
from each MRI slice and converting it to fetal weight 
using the formula. These investigators concluded that 
MRI was signifi cantly better than ultrasound in de-
termining the EFW at term. 78  Whether or not MRI is 
equally accurate in early gestations or in IUGR fetuses 
has not been determined, but the volumetric equa-
tions with MRI may generate more accurate EFW com-
pared to regression equations. 

 Whether or not to use individualized or customized 
fetal growth curves has been a matter of debate for sev-
eral years. It is known that birth weight is related to 
 maternal height and parity, paternal height, and fetal 
sex. In the United States, the populations are ethni-
cally heterogeneous. With respect to IUGR, the use of 
customized growth charts based on maternal weight, 
height, ethnicity, and fetal gender may better predict 
perinatal morbidity. 6,15,32,79  An example of such a cus-
tomized percentile calculator is available at www.gesta-
tion.net. In a retrospective analysis of a database from 
a multicentered ultrasound study in the United States, 
SGA defi ned by customized growth potential showed a 
higher risk for preterm labor, antepartum hemorrhage, 
pre-eclampsia, stillbirth, and early neonatal death. 80  
More specifi cally, when they used maternal height, 
weight, parity, ethnicity, and fetal gender, 33% of the 
SGA group was small by customized percentiles, but 
not by population percentiles, and yet were associated 
with pregnancy complications. Importantly, the sub-
group that was SGA by population percentiles but not 
by customized percentiles was not associated with any 
indicators of adverse outcome. 80  In summary, 17.4% of 
infants conventionally considered SGA were constitu-
tionally small and the population standard missed one-
third of infants that were small by customized stan-
dards. There are numerous birth weight curves, but no 
universally accepted national standard or agreement 
upon whether or not they should be used. 81  

 Clinicians managing twins and other multiple gesta-
tions rely upon ultrasound to monitor fetal growth. It 

http://www.gesta-tion.net
http://www.gesta-tion.net
http://www.gesta-tion.net
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this fi nding is followed by decreased amniotic fl uid 
(from oliguria), abnormal umbilical arterial and venous 
Doppler assessment (refl ecting declining cardiac out-
put, increasing or decreasing vascular resistance in the 
fetus or placenta, or fetal hypoxia/acidemia with resul-
tant arterial and venous cardiovascular adaptations), 
and pathologic fetal behavior (no movement or poor 
tone). Changes in fetal size/growth, developmental 
anatomy, physiology, and behavior have been observed 
to precede fetal compromise and eventual fetal death. 87  
These changes can portend acute and chronic fetal de-
terioration. Several prenatal diagnostic techniques have 
been offered as predictors of poor growth. In this dis-
cussion, we focus on the sonographic tools used in the 
assessment of an IUGR fetus. 

 DOPPLER ASSESSMENT IN IUGR 
 In the fetus with IUGR, there is a normal redistribu-
tion of blood within the fetus and placenta. Doppler 
technology has had a signifi cant impact on our abil-
ity to assess the physiologic status of the fetus. It can 
help in identifying changes in the fetal circulation at 
a time when other tests are normal and in so do-
ing identify the truly hypoxic fetus. Interval changes 

in Doppler values may be useful in determining the 
optimal time for delivery to reduce perinatal mor-
tality and any subsequent complications. Common 
measurements of Doppler indices include the PI, re-
sistive index (RI), and systolic-diastolic (S/D) ratio 
(Table 27-4). 

 During Doppler interrogation it is important to 
 remember that fetal blood fl ow is infl uenced by car-
diac contractility, the physical properties of the arterial 

 Doppler Terminology 

Term Abbreviation Calculation

Systolic-diastolic 
 ratio

S/D ratio Maximum velocity/
 minimum velocity

Pulsatility index PI (Maximum – minimum 
  velocity)/mean 

velocity
Resistance index RI (Maximum-minimum 

  velocity)/maximum 
velocity

Peak systolic 
 velocity

PSV Maximum velocity 
 (cm/s)

 TABLE 27-4 

TABLE 27-3

Critical Values for Estimated Fetal Weight for Diagnosing or Excluding IUGR Using the IUGR Score25

STATUS OF MATERNAL BLOOD PRESSURE AND AMNIOTIC FLUID VOLUME 

Gestational 
Age 
(weeks)

Normal Blood Pressure Hypertension

Norm/Poly M-M Oligo Sev Oligo Norm/Poly M-M Oligo Sev Oligo

26 516–660 646–826 743–950 610–780 763–976 878–1,123
27 597–791 745–949 855–1,090 704–898 878–1,119 1009–1,285
28 693–877 859–1,087 982–1,244 813–1,030 1,008–1,276 1153–1,460
29 803–1,008 988–1,239 1,124–1,410 937–1,176 1,152–1,446 1312–1,646
30 931–1,155 1,132–1,405 1,281–1,589 1,078–1,337 1,311–1,627 1483–1,840
31 1,075–1,317 1,293–1,584 1,452–1,779 1,234–1,512 1,484–1,819 1667–2,042
32 1,235–1,493 1,468–1,774 1,635–1,976 1,404–1,698 1,670–2,018 1860–2,248
33 1,411–1,682 1,656–1,973 1,830–2,180 1,590–1,895 1,865–2,223 2061–2,456
34 1,600–1,880 1,853–2,177 2,031–2,386 1,785–2,098 2,067–2,429 2,266–2,662
35 1,798–2,083 2,055–2,382 2,236–2,590 1,987–2,302 2,272–2,633 2,471–2,863
36 1,997–2,285 2,257–2,593 2,437–2,789 2,189–2,504 2,474–2,830 2,671–3,056
37 2,192–2,479 2,452–2,774 2,631–2,976 2,383–2,696 2,666–3,016 2,861–3,236
38 2,371–2,658 2,631–2,949 2,807–3,147 2,563–2,872 2,843–3,186 3,034–3,400
39 2,526–2,812 2,785–3,101 2961–3,296 2,717–3,025 2,996–3,335 3,185–3,545
40 2,645–2,933 2,906–3,223 3083–3,419 2,838–3,147 3,118–3,458 3,307–3,668
41 2,717–3,013 2,985–3,310 3166–3,511 2,915–3,232 3,202–3,551 3,396–3,766
42 2,736–3,405 3,016–3,356 3205–3,567 2,942–3,274 3,243–3,609 3,447–3,836

For each pair, an EFW less than the lower value corresponds to an IUGR score of more than 60, allowing a confi dent diagnosis of IUGR 
(positive predictive value of 74%). An EFW value greater than the higher number corresponds with a score below 50, virtually excluding 
IUGR (negative predictive value of 97%). An EFW between the two values is equivocal (probability of IUGR is 13%).

NF, normal fl uid; Poly, polyhydramnios; M-M, mild to moderate; Olig, oligohydramnios; Sev, severe

Modifi ed from Doubilet PM. Benson CB. Sonographic evaluation of intrauterine growth retardation. Am J Roentgenol. 1995, 164:709–717.
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ratio (LR) of 3.6 (95% CI 3.2 to 4.0) for the develop-
ment of IUGR and a negative result carried a 0.8 LR 
(95% CI 0.8 to 0.9). 94  

 Early Pregnancy (12 to 13 weeks) 
 The PI of a utD waveform was analyzed in women 
of advanced maternal age (over 34 years) carrying 
fetuses between 12 and 13 weeks’ gestation. Women 
with abnormally high values had higher risks of de-
veloping hypertensive disorders (four times normal), 
gestational diabetes (nine times normal), delivering 
SGA infants (twice normal), and having a preterm de-
livery (three times normal). PI values less than 1.24 
were considered overtly normal, and greater than 1.67 
was abnormal. 95,96  In pre-eclampsia, a prominent dia-
stolic notch is seen in approximately 60% of cases. 97  
In the FASTER study, a prospective trial of ultrasound 
and  serum markers for aneuploidy in the fi rst trimes-
ter, a utD RI value above the 75th percentile at 10 to 
14 weeks predicted a 5.5-fold higher likelihood of sub-
sequent IUGR. 97  

 Early Second Trimester (16 to 20 weeks) 
 UtD interrogation during the second trimester can pre-
dict outcome in cases at risk for pregnancy-induced 
hypertension, IUGR, preterm delivery, gestational 
diabetes, and fetal asphyxia. 98–100  However, the value 
of routine screening for predicting pre-eclampsia and 
IUGR has yet to be accepted by all authors. 92  

 Bromley and colleagues investigated the relation-
ship between utD and the presence of uterine artery 
notching in terms of perinatal outcome. 101,102  In a popu-
lation of women with elevated MSAFP test values, they 
found adverse outcomes in 13% without notching and 
47% with Grade II notching. In this study, a grade I 
notch was an early diastolic drop, which was less se-
vere than half of the total mid-diastolic frequency shift 
compared to a grade II notch, which indicated a drop 
in early diastole to less than half of the total diastolic 

walls and the blood viscosity within, the size of small 
blood vessels, and the outfl ow impedance from the 
arterial tree. 8,88  Most reports regarding the interroga-
tion of the fetal circulation use the PI because it is 
 Doppler-angle independent. Furthermore, most litera-
ture on  Doppler describes an analysis of three continu-
ous waveforms that were selected from a group of 5 to 
15 waveforms. Opinions that are more recent suggest 
that an assessment on one to three different occasions 
5 to 10 minutes apart in the absence of fetal move-
ment and breathing is more appropriate. 45  In each set, 
at least 10 to 15 waveforms should be obtained. If the 
waveform quality is adequate, the analysis can be per-
formed either on the entire spectrum of waveforms or 
on three waveforms for each set. A grading system for 
results has also been proposed: normal, transitional, 
or  abnormal. 

 Although Doppler interrogation has not been uni-
versally accepted for screening low-risk populations, it 
has been proven effective in the evaluation of high-risk 
pregnancies. 89  Several studies have shown that Dop-
pler, specifi cally umbilical artery Doppler, is of value in 
identifying the physiologically compromised fetus, and 
equipment with pulsed Doppler capabilities should be 
available for high-risk pregnancies. 90  

 UTERINE ARTERY DOPPLER 

 Normally, uterine vascular resistance decreases with 
advancing gestational age because of the  changes 
in perfusion needs of the uterus. During the fi rst 
10 weeks of pregnancy, a persistent diastolic compo-
nent of the uterine artery Doppler (utD) waveform is 
observed with an early diastolic notch, which is usu-
ally lost between 20 and 26 weeks. 91  The RI decreases 
from 0.8 to 0.63 between 8 and 17 weeks, and the PI 
decreases from 2.0 to 1.3 between 8 and 18 weeks’ 
gestation. 92  In the normal pregnancy, this RI change 
is due to the development of the high-volume, low-
resistance fl ow seen during pregnancy. These changes 
ensure adequate perfusion of the intervillous space 
via the spiral arteries of the mother. The placenta fa-
cilitates these changes to compensate for the growing 
embryonic nutritional needs. Higher ratios may sug-
gest an abnormality and increasing resistance to fl ow 
(Fig. 27-4). In theory, an abnormal utD could detect 
an increase in placental vascular resistance, and this 
could predict which women are at risk for diseases 
like IUGR. An elevation of the RI or PI, or the persis-
tence of a uterine artery diastolic notch, usually de-
tects the presence of abnormally  increased uteropla-
cental vascular resistance. In one review, an abnormal 
utD was a better predictor of pre-eclampsia than of 
IUGR after 16 weeks of gestation. 93  In this study, the 
best predictor of IUGR in high-risk patients was an 
increased RI. In a systematic review of 28 studies of 
utD, women with an abnormal utD had a likelihood 

 Figure 27-4 Normal uterine artery Doppler waveform. (Image cour-
tesy of Philips Medical Systems, Bothell, WA.) 
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compared to the utD. 106–108  The technique involves the 
analysis of a free umbilical cord loop with continuous 
or pulsed Doppler. Waveforms from the umbilical ar-
tery near the placenta usually have more end-diastolic 
fl ow than those near the cord insertion. In general, 
the umbilical artery circulation has a low impedance 
and the amount of end-diastolic fl ow increases with 
advancing gestation due to an increase in the number 
of tertiary stem villi as the placenta matures. Diseases 
that affect the small muscular arteries in the placental 
tertiary stem villi result in a progressive decrease in 
end-diastolic fl ow followed by absent (AEDF), then re-
versed fl ow in diastole (REDF) as the process worsens, 
resulting in an RI and PI value increase. Abnormally 
reduced diastolic fl ow velocities are predictive in iden-
tifying infants requiring early delivery and neonatal 
intensive care. 109,110  

 Most studies focus on the fi ndings of AEDF or 
REDF and the relationship between adverse outcomes 
(Figs. 27-5–6). This fi nding indicates increased placen-
tal resistance, which results in a higher risk of fetal 
demise. 111  The observation of AEDF may occur nearly 
8 days before pathologic cardiotocographic fi ndings 
are present. 6  The appearance of REDF is evidence 

frequency shift present during mid-diastole. Most stud-
ies use subjective criteria for the defi nition of a dia-
stolic notch, but a drop of at least 50 cm/s from the 
maximum diastolic velocity is a reasonable criterion 
after 20 weeks. 93,103,104  

 Although the utD literature continues to expand, it 
remains unclear when the assessment of utD should be 
done (at 16, 20, or 24 weeks of gestation) and which 
tool to use (uterine artery notch, PI, RI, or all of them). 
It is also unclear what constitutes an abnormal result—
a single cutoff or percentile cutoffs. 45,92  They also have 
a low predictive value in a low-risk population. 105  Con-
sequently, there are currently no practice standards 
for their use in obstetrics. For a detailed description 
of pelvic vasculature, refer to Chapter 5, Normal Anat-
omy of the Female Pelvis; for normal uterine Doppler 
 parameters refer to Chapter 6, Doppler Evaluation of 
the Pelvis. 

 UMBILICAL ARTERIAL DOPPLER 

 Assessment of blood fl ow through the umbilical cord, 
primarily the umbilical artery, has been widely re-
ported and is more uniformly accepted in practice 

A B

C

 Figure 27-5 Changes in the umbilical artery Doppler with IUGR. 
A: B-mode sonography with pulsed and color Doppler of the um-
bilical artery in a IUGR fetus at 37 weeks shows an S/D ratio of 2.52 
( Umb-PS,  systole;  Umb-ED,  diastole) and a RI of 0.6.  B:  A fetus at 
25 weeks with IUGR and absent end diastolic fl ow.  C:  A 24-week 
fetus with reversed diastolic fl ow  (arrow)  in a patient with chronic 
hypertension and superimposed pre-eclampsia. 
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A B
 Figure 27-6 Color Doppler and spectral waveform imaging of the umbilical artery shows reversal of diastolic fl ow. This is an ominous sign of 
fetal compromise/hypoxia requiring further evaluation of the fetal middle cerebral artery and ductus venosus. The diastolic fl ow reversal in um-
bilical arteries signifi es severe placental insuffi ciency and increased placental vascular resistance. (Image courtesy of Joe Antony, MD, Cochin, 
India. From the website at http://www.ultrasound-images.com/fetus-general.htm) 

that (1) the lowest vascular resistance is in the fe-
tal circulatory network rather than the placenta and 
(2) preplacental blood with low oxygen content from 
the descending aorta and pulmonary artery is being 
shifted toward the brain. 44  This is to be considered an 
alarming fi nding affecting obstetrical diagnosis and 
management. As a pathologic correlate, REDF can oc-
cur when 60% to 70% of the villous vascular tree is 
 damaged. 107–109  

 Although an association clearly exists, several in-
vestigators have tried to establish the applicability of 
umbilical artery Doppler (excluding absent diastolic 
fl ow) in the prediction of IUGR. 108  Fetuses with ab-
normal umbilical artery Doppler indices have only 
a twofold to fourfold risk of IUGR, compared with 
 controls. 108,109  Although there is an increased risk of ce-
sarean, preterm delivery, neonatal intensive care unit 
admission, assisted ventilation, and perinatal mortal-
ity, umb art Doppler has a low sensitivity in detecting 
IUGR so it is a poor screening tool in low risk popu-
lation. 108,109  Conversely, a meta-analysis showed that 
Doppler sonography of the umbilical artery in high-
risk pregnancies results in a signifi cant reduction in 
intervention, reducing the odds of perinatal death. 112  
In the setting of IUGR, umbilical artery Doppler can 
help stratify fetuses into low- and high-risk categories. 
For information on obtaining the umbilical cord Dop-
pler, refer to Chapter 24, Doppler Ultrasound of the 
Normal Fetus. 

 MIDDLE CEREBRAL ARTERY DOPPLER 

 Prenatal interrogation of cerebral blood fl ow can be ac-
complished by assessing the common carotid artery, 
the internal carotid artery, or the anterior, middle, or 

cerebral arteries. The middle cerebral arteries (MCA) 
are major branches of the circle of Willis supplied by 
the internal carotid and vertebral arteries (Fig. 27-7). 
In contrast to the umbilical artery circulation, the MCA 
is part of a high-impedance vascular bed with lower 
end-diastolic velocities. There is continuous forward 
fl ow throughout the cardiac cycle in the MCA. The 
MCA is the most accessible cerebral vessel for Dop-
pler studies and contains more than 80% of cerebral 
blood fl ow. This arterial system is best seen in a trans-
verse plane of the fetal head obtained at the base of the 
skull. The appropriate sample site is from the proximal 
vessel soon after its origin at the internal carotid ar-
tery. This allows for measurement of the S/D ratio, RI, 

 Figure 27-7 Color Doppler imaging allows easy identifi cation of 
the two MCA  (arrows) . (Image courtesy of GE Healthcare, Wau-
watosa, WI.) 

http://www.ultrasound-images.com/fetus-general.htm
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 Although better known in its application for fetal 
anemia assessment, the MCA-PSV has also been de-
scribed in IUGR fetuses. In one cross-sectional review 
of 30 fetuses with IUGR, the MCA-PSV was the best pa-
rameter in the prediction of perinatal mortality (OR 14, 
95% CI 1.4 to 130). 45  In anemic fetuses, the high MCA-
PSV likely refl ects an increased cardiac output and de-
creased blood viscosity, whereas in IUGR fetuses, the 
high MCA-PSV results from increased blood fl ow to the 
brain through increased cardiac output and placental 
resistance. 

 Early changes in fetuses with IUGR include an in-
creased umbilical artery RI and decreased MCA RI. The 
MCA and umbilical artery Doppler are the best indi-
vidual predictors of adverse fetal outcome. However, 
better results have been obtained using the ratio of 

PI, and peak systolic velocity (PSV). The fl ow veloc-
ity in the MCA is normally highly pulsatile, and the 
RI, PI, and S/D ratio increases up to 20 to 24 weeks’ 
gestation and then decreases at term (Fig. 27-8). 113  In 
the normal fetus, the MCA-PSV increases with gesta-
tional age. 114  In fetal hypoxemia, there is a central re-
distribution of blood fl ow such that there is increased 
blood fl ow to the brain (“brain-sparing effect”), heart 
(“ cardiac-sparing  effect”), and adrenals. 115,116  MCA Dop-
pler has been proven useful in detecting hypoxia asso-
ciated with IUGR. 116  In fetuses with IUGR, the RIs in the 
MCA were increased because of the vasodilation seen 
in fetal adaptation to hypoxia. 117  It is thought that a hor-
monally mediated increase in fetal peripheral vascular 
resistance occurs so that cerebral, cardiac, and adrenal 
gland blood fl ow is conserved (Figs. 27-9–10). 

 Figure 27-8  A:  Individual measurements and calculated reference ranges for the RI in the MCA. The standard boundaries include 90% of the 
normal patient population (Cubic R square  �  0.386, P  �  0.000).  B:  Individual measurements and calculated reference ranges for the PI in the 
MCA. The standard boundaries include 90% of the normal patient population (Cubic R square  �  0.340, P  �  0.000).  C:  Individual measurements 
and calculated reference ranges for the S/D ratio in the MCA. The standard boundaries include 90% of the normal patient population (Cubic 
R square  �  0.334, P  �  0.000).  D:  Individual measurements and calculated reference ranges for the PSV in the MCA. The standard boundaries 
include 90% of the normal patient population (Cubic R square  �  0.535, P  �  0.000). (From Tarzamni MK, Nezami N, Sobhani N, Eshraghi N, 
Tarzamni M, Talebi Y. Nomograms of Iranian fetal middle cerebral artery Doppler waveforms and uniformity of their pattern with other popula-
tions’ nomograms.  BMC Pregnancy Childbirth.  2008 Nov 12;8:50.) 
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 DUCTUS VENOSUS AND UMBILICAL 
VEIN DOPPLER 

 Venous waveforms of the DV and UV refl ect the status 
of the right ventricle in the fetus. The DV is a regula-
tor of oxygen to the fetus. 82  Half the oxygenated blood 
returning from the placenta is directed through the 
DV. This forms a preferential bloodstream through 
the foramen ovale to the left heart, into the aorta, 
and to the cranial vessels. 118  To obtain the DV wave-
form, the transverse view of the fetal abdomen at the 
same anatomic plane as the abdominal circumference 
is imaged and color fl ow Doppler is superimposed. 
The DV branches from the UV and, because of its 
narrow lumen, it has turbulent fl ow. This specifi c 
anatomy helps in identifying the waveform as well 
as the characteristic two-peaked DV waveform. 18  The 
fi rst peak is the PSV and corresponds to the highest 
blood velocity in systole; it is followed by a period 
of decreased velocity (isovolumetric relaxation). The 
second peak corresponds to the rapid fi lling of the 
ventricles. The nadir is the “a-wave” and corresponds 
to atrial contraction. 18  Reversed fl ow (RF) during the 
a-wave is abnormal and often an ominous fi nding 
(Figs. 27-11). 

 Between 17 and 39 weeks, IUGR fetuses with nor-
mal chromosomes and no concomitant malformations 
can have reduced DV fl ows during atrial contrac-
tion. 119,120  This serious fi nding has been linked to a 
raised utD PI, REDV, or AEDF in the umbilical artery, 
and UV pulsations. During hypoxia, an increase in 
pressure in the UV occurs and more blood is shunted 
through the DV. In fetal compromise, as much as 70% 
of blood returning from the placenta is directed into 
the inferior vena cava through the DV. 122,124  It is also 

these two values. The cerebroplacental ratio, or MCA/
UA RI, is defi ned as the cerebral RI divided by the um-
bilical RI. A ratio above 1.0 indicates a normal per-
fusion pattern. Patients with pre-eclampsia and IUGR 
have been found to have lower values. 116  Fetuses with 
the low MCA/UA ratio were found to have decreased 
amniotic fl uid, birth weights, and Apgar scores and an 
increased rate of morbidity and mortality. 112,116  Multiple 
studies validated fi ndings when they reported that ab-
normal ratios were found in pregnancies with adverse 
outcomes. 112,116  For information on obtaining the MCA 
Doppler, refer to Chapter 24, Doppler Ultrasound of the 
Normal Fetus. 

A B
 Figure 27-9 In hypoxia, the fetus will compensate by redistributing its cardiovascular load so that more blood is circulated to the fetal head 
(the brain-sparing effect), heart, and adrenal glands. Therefore, when compensating, the diastolic component of the MCA waveform will show 
increased fl ow.  A:  Transverse sonographic image of the fetal head in duplex mode (B-mode and pulsed Doppler) showing normal MCA fl ow at 
35 weeks (RI 0.81, S/D ratio 5.36). This IUGR fetus is uncompromised.  B:  This transverse sonographic image of the fetal head at 37 weeks shows 
an increased diastolic component, consistent with circulatory redistribution in a compromised fetus (RI 0.61, S/D ratio 2.58). 

 Figure 27-10 Color Doppler and spectral waveform of the MCA 
demonstrating the lowered cerebral vascular resistance due 
to the vasodilation seen with fetal hypoxia. (Image courtesy of 
Joe Antony, MD, Cochin, India. From the website at http://www
.ultrasound-images.com/fetus-general.htm) 

http://www
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IUGR. The optimal testing protocol is controversial, but 
most reviews on the topic suggest incorporating MCA 
and venous Doppler with umbilical artery Doppler to 
provide the best prediction of acid-base status, risk of 
stillbirth, and anticipated rate of progression. Abnormal 
venous Doppler parameters are the strongest predictors 
of stillbirth. Even with severe arterial abnormalities 
such as AEDF or REDF, stillbirth primarily occurs in 
those fetuses with abnormal venous Doppler. This is 
further described in studies that report the sequential 
deterioration of IUGR fetuses and integrated testing 
algorithms. 125–127  Gestational age plays a role in these 
algorithms as well. Sequential deterioration of the hy-
poxemic fetus was rare after 34 weeks in one study. 128  
Umbilical artery Doppler has the highest sensitivity and 
negative predictive value for poor perinatal outcome, 
but DV and UV parameters provide the best specifi c-
ity and positive predictive values. 127  It should also be 

important to consider gestational age when interpret-
ing these results. After 27 weeks, an abnormal DV 
result is an important predictor of neonatal complica-
tions, whereas prior to 27 weeks the DV result may 
not be as useful in stratifying risk because the issues 
of prematurity predominate in these infants. 124  When 
the DV is assessed longitudinally in fetuses with 
IUGR, the progression follows 3 steps: (1) normal 
waveforms, (2) normal and abnormal waveforms, and 
(3) persistent abnormal  waveforms. 45,122  A new index 
for the analysis of DV waveforms may better predict 
outcomes. The SIA index [(S-wave/(isovolumetric re-
laxation - a-wave)] for the analysis of DV waveforms 
may better predict outcomes compared with a-wave 
RF alone. 123  Based on the study by Piccione et al., a 
SIA index of 4.02 was associated with an almost cer-
tain perinatal death. 

 Increased pulsatility of the venous circulation  refl ects 
cardiac compromise from increased cardiac  after-load 
(Fig. 27-12). UV pulsation is a common fi nding in the 
early, normal pregnancy and in association with fetal 
breathing. However, this phenomenon is associated 
with compromised fetal hemodynamics in the third tri-
mester. 18,119  Thirty percent of cases with abnormal umD 
indices have umbilical vein pulsations (without breath-
ing). 119  A biphasic or triphasic umbilical vein pulsation 
is an ominous fi nding. 

 For information on obtaining the ductus venosus and 
umbilical vein doppler waveform, refer to Chapter 24, 
Doppler Ultrasound of the Normal Fetus. 

 SUMMARY OF CLINICAL USE OF DOPPLER 
STUDIES IN OBSTETRICS 

 The preceding section described the techniques for ob-
taining Doppler studies, the vessels commonly studied 
in pregnancy, and selected outcomes with respect to 

A B
 Figure 27-11 A: Normal DV waveform. B: This sonographic image of the DV shows an abnormal venous Doppler waveform in a fetus at 
29 weeks with IUGR and oligohydramnios. This is a severely compromised fetus with reversed fl ow during the “a-wave.” 

 Figure 27-12 This is a spectral Doppler tracing of the umbilical cord 
of a 29 week fetus with IUGR. There are pulsations in the UV  (arrows) . 
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biophysical profi le can be equivocal in 2% of fetuses. 
Under such circumstances, it should be repeated or a 
CST performed, depending on the management proto-
col of the particular institution. 

 Although the BPP is abnormal in only a small number 
(1%) of tested fetuses (value up to 4), the subsequent 
management of such fetuses is not uniform. 130,131 In some 
centers delivery may be indicated, particularly if the fe-
tus has mature pulmonary indices. In other centers, a 
CST may be performed fi rst to confi rm fetal hypoxia or a 
continuous fetal biophysical survey may be observed for 
2 to 3 hours before decisive action is taken. The rationale 
for the latter thinking is that absence of some biophysi-
cal functions may refl ect normal periodicity rather than 
hypoxia. The absence of some biophysical functions 
for periods of 20 minutes to more than 2 hours can be 
normal. Absence of some biologic function may also be 
related to the time of testing or to maternal medication 
use. FBMs follow a circadian rhythm (i.e., appear more 
frequently at specifi c times), are more common 2 hours 
after meals, and can be suppressed by medication used 
to sedate the mother or treat her hypertension. The ac-
curacy of the BPP is enhanced through testing 2 hours 
after a maternal meal, and discontinuance of medica-
tion known to depress the fetal CNS. With respect to 
IUGR and BPP, Vintzileos et al. have demonstrated that 
the four components of the BPP are affected at different 
levels of hypoxemia and acidemia. The fi rst changes in 
fetal biophysical activity are loss of heat rate reactivity 
and fetal breathing. This is followed by decreased fetal 
tone and movement in association with more advanced 
acidemia, hypoxemia, and hypercapnia. 

 Two additional important components of the BPP are 
discussed below. It is important to emphasize that dif-
ferent institutions may employ different protocols for 
assessment. For example, one institution may consider 
weekly BPP assessments to evaluate the IUGR fetus, 
whereas another may use NST and AFI assessment; still 
others may use Doppler assessment in their “fi rst line” 
of interrogation. 

 NONSTRESS TEST 
 Abnormal fetal heart rate patterns are thought to sug-
gest heart failure and serve as an indirect measure 
of CNS integrity and function. 132  These patterns are 
thought to precede the development of hypoxia. A ma-
jor advantage of the NST is its ease of performance 
and, consequently, it is the most common test used to-
day. A  drawback of the NST is that it is sensitive (most 
“ abnormal” fetuses have abnormal results), but not 
very specifi c (most “abnormal” test results occur in nor-
mal fetuses). However, a normal NST (Fig. 27-13) has 
a good negative predictive value and thus remains an 
important part of antenatal assessment. 133  Normal fe-
tuses may have an abnormal test result because of ges-
tational immaturity, sleep cycles, or maternal  sedation. 

noted that signifi cant variations in fetal adaptation to 
hypoxemia exist, and it is not always possible to predict 
outcomes. 129  

 OTHER TOOLS IN THE ANTENATAL 
SURVEILLANCE OF THE IUGR FETUS 
 Similar to maternal diabetes, hypertension, postdatism, 
and a history of unexplained stillbirth, IUGR is thought 
to place the fetus at signifi cant risk for fetal death and 
thus warrants close antepartum surveillance. Further-
more, IUGR is often an indicator of chronic  fetal com-
promise and it may precede acute fetal deterioration and 
fetal death. Therefore, enhanced antenatal surveillance 
is needed to identify the fetus that is deteriorating. In 
this way, the most suitable time for delivering the af-
fected fetus can be better determined. Once the diag-
nosis of IUGR is made, the exact mode of surveillance 
used by different clinical departments varies. Nonethe-
less, the usual modalities may include the biophysical 
profi le (BPP), nonstress test (NST), or contraction stress 
test (CST). Importantly, when results of these tests are 
normal, they accurately predict fetal well-being. On the 
other hand, abnormal test results do not have a high 
correlation with poor outcome or fetal hypoxia; in other 
words, the false-positive rate of these tests is high. 

 BIOPHYSICAL PROFILE 
 The BPP is presented in detail in Chapter 25. In this 
discussion the reader is reminded that the BPP score is 
based on the evaluation of fi ve biophysical functions: 
fetal breathing movement (FBM), fetal motion (FM), 
fetal tone (FT), amniotic fl uid volume (AFV), and 
NST. 118,129,131,135  A score of two is assigned for each nor-
mal variable and a score of zero when the biophysical 
function is absent. All observations are made within an 
interval of 30 minutes. 

 The reactivity of the biophysical variables is depen-
dent on an intact central nervous system (CNS). The 
reason for this is thought to relate to the “gradual hy-
poxia concept.” 8  This concept has been formulated on 
the premise that (1) the later a neuroanatomic center 
develops, the more sensitive it is to the manifestations 
of acute hypoxia (the area of the fetal brain that regu-
lates FT develops at 7 to 9 weeks, FM at 9 weeks, FBM 
at 20 to 21 weeks, and NST at 26 weeks to term), (2) 
FBM, FM, FT, and NST are acute biophysical param-
eters that represent the acute fetal condition, and (3) 
the amniotic fl uid volume is a predictor of the chronic 
fetal condition. The BPP is a better predictor of normal-
ity than of abnormality (fetal hypoxia). First, the result 
is likely to be negative in 97.5% of tested fetuses, and 
the predictive value of a normal test is high. 8  It would 
be extremely unlikely for a preterm or term fetus to 
die within 7 days of a normal BPP result (8 or great-
er) or for a postterm fetus to die within 3 days. The 
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anomalies, it can also occur as the result of decreased 
urine production from poor renal perfusion. Amniotic 
fl uid is derived from fetal and maternal sources. The ex-
change occurs in two directions in three different sites 
with the importance and amount of fl uid changing as 
the gestation progresses. 8,149–151  

 SITE 1, MOTHER AND AMNIOTIC FLUID 

 The bidirectional fl ow takes place across the decidua and 
fetal membranes; at term, the normal net hourly  exchange 
is approximately 135 milliliters (ml) in the direction of 
amniotic fl uid. This transmembranous exchange occurs 
at the uterine wall and the amniotic- chorionic interface. 
Because of this exchange, we are able to increase the 
AFV by increasing maternal ingestion of water. 

 SITE 2, MOTHER AND FETUS 

 The bidirectional fl ow takes place across the intervil-
lous space; at term, the normal net hourly exchange is 
approximately 50 to 90 ml in the direction of the fetus. 

 SITE 3, FETUS AND AMNIOTIC FLUID 

 The bidirectional intramembranous fl ow between the 
fetus and amniotic fl uid mainly occurs through the re-
spiratory, gastrointestinal, and urinary tracts, although 
some exchange occurs at the fetal skin, placental sur-
face, and the umbilical cord. Fetal swallowing results in 
removal of amniotic fl uid, whereas urination adds to the 
volume of fl uid. The fetus swallows approximately half 
of the fl uid produced via fetal urination. At term, the 
normal net hourly exchange is approximately 150 to 225 
ml in the direction of the amniotic fl uid  compartment. 

 Although NSTs are usually conducted by a nurse spe-
cialist, knowledge of the method of interpreting the test 
is important for sonographers. It involves computation 
of the baseline fetal heart rate (FHR) and any changes 
that occur in response to fetal movement. A normal 
(or reactive) test depends on detection of at least two 
FHR accelerations above the baseline. Normally, in a 
20-minute period the FHR should accelerate by 15 beats 
per minute (bpm) for at least 15 seconds. 8  Indicators of 
well-being also include a baseline FHR falling between 
120 and 160 bpm and absence of any decelerations; 
that is, decreases in the FHR below baseline. A normal 
or reactive result implies good fetal CNS integrity; that 
is, absence of asphyxia for 7 days in the preterm and 
term fetus and for 3 days in the postterm fetus. 

 An abnormal or nonreactive NST is defi ned by ab-
sence of fetal movements or by FHR accelerations less 
than 15 bpm. Additionally, the presence of spontaneous 
heart rate decelerations and/or loss of beat-to-beat heart 
rate variability (a characteristic of normal fetuses) may 
be associated with poor outcome. A nonreactive test 
correctly predicts fetal death (within 1 week of testing) 
in only 3% to 29% of cases. The reason may be partly 
related to the normal periodicity of fetal  heart rates. 

 ASSESSMENT OF AMNIOTIC FLUID 
 Assessment of the amount of amniotic fl uid is an im-
portant, albeit indeterminate, measure of the fetal con-
dition. The amount of amniotic fl uid is, at best, a weak 
predictor of perinatal morbidity and it needs to be used 
together with other biophysical parameters. Although 
decreased amounts of amniotic fl uid can be the re-
sult of premature rupture of the membranes or renal 

 Figure 27-13 Bioelectric tracing shows a reactive nonstress test. The vertical line (y-axis) delineates the FHR per minute (30 bpm per cm of 
paper). The horizontal (x-axis) delineates time (3 cm/min). Note the following characteristics of a reactive test: (1) baseline between 120 and 
160 bpm, (2) moderate variability, (3) no decelerations, and (4) two heart rate accelerations, each exceeding 15 bpm. A reactive test is normal. 
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 Phelan and colleagues showed that in postterm preg-
nancies with severe oligohydramnios (largest vertical 
fl uid pocket less than 1 cm) the incidence of abnor-
mal fetal heart tracings requiring cesarean section was 
16.7%. 136  By comparison, in postterm pregnancies with 
normal AFV the incidence of abnormal fetal heart trac-
ings requiring cesarean section was only 1.05%. 136  Thus, 
the presence of oligohydramnios in postterm pregnancy 
is an ominous fi nding and points to the need to deliver 
the fetus. Similarly, the presence of oligohydramnios in 
a fetus whose EFW is below the 10th percentile is pre-
dictive of poor outcome and is an indication for strict 
surveillance of the fetus so that the most appropriate 
time for delivery can be determined. 

 Some investigators argue that there is no need to 
spend a long time waiting to evaluate all the compo-
nents of the BPP and that the results of both the NST 
and AFV suffi ce, also known as the modifi ed BPP. The 
rationale: (1) a reactive NST implies that fetal motion 
is indeed present and indirectly tests for this important 
function of fetal motion; (2) an NST should always be 
part of the antenatal testing schema because it may 
show variable decelerations, a fi nding that may be 
missed completely if one relies only on the other four 
functions of the BPP; and (3) oligohydramnios may be 
a signifi cant indicator of chronic hypoxia, particularly 
in the IUGR or postdate fetus, and should always be 
considered. Because specifi c management protocols are 
not universally accepted, the sonographer should fol-
low the guidelines established by the institution. 

 OTHER METHODS OF ASSESSMENT 
 Two additional methods of assessment have also been 
used for fetal evaluation.. These are vibroacoustic stim-
ulation (VAS) during an NST or a BPP and a contraction 
stress test (CST). 

 VAS is accomplished using an artifi cial larynx (EAL 
Bell Telephone) to generate an acoustic-vibratory stim-
ulus lasting 2 to 5 seconds to stimulate a fetus to re-
spond. 135  The average sound energy produced at 1 m 
of air equals 82 decibels (dB). 62,86  The frequency of the 
emitted sound is 80 hertz (Hz), with harmonics ranging 
from 20 to 9,000 Hz. 128  The artifi cial larynx is placed on 
the maternal abdomen over the fetal vertex and the fetal 

 There are three methods of assessing the amounts 
of fl uid in the amniotic cavity. First, quantitative meth-
ods were employed using the instillation of dye into 
the amniotic cavity and removal of the amniotic fl uid. 
This was then titrated. The precise amount of amniotic 
fl uid can then be determined, but this is not common-
ly practiced today. Second, semiquantitative methods 
were proposed, such as the maximum sonographically 
detectable vertical pocket of amniotic fl uid or using the 
amniotic fl uid index (or AFV, discussed in the following 
section). Last, subjective assessment using sonography 
by an experienced observer is highly predictive of oli-
gohydramnios and polyhydramnios. 

 Of all the methods, the AFI is used most frequently for 
estimating AFV. Phelan and coworkers originally devel-
oped this ultrasound method, which allows quantifi ca-
tion of normal AFV. 8  They divide the uterine cavity into 
four quadrants using two imaginary lines, one running 
transversely across the umbilicus and the other vertically 
using the linea nigra (Fig. 27-14). The vertical diameter 
of the largest pocket in each quadrant is measured and 
the sum of the four pockets is determined. This sum 
is called the AFI. The mean values ( � 2 SD) of the AFI 
throughout pregnancy are then determined (Fig. 27-15). 
In the third trimester of pregnancy, the two SD variation 
about the mean AFI is wide. Additionally, a progressive 
increase in the AFV is noted until the 28th to 30th week. 

 In the third trimester of pregnancy, oligohydramni-
os exists when (1) the diameter of the largest pocket 
of amniotic fl uid is less than 3 cm (depending on the 
guidelines used), 8  (2) the AFI is less than 5 cm, 8  or (3) 
the experienced sonographer subjectively observes an 
overall paucity in AFV. 

 Using the subjective method of assessing AFV in 
a large unselected population of pregnant women, 
Philipson and coworkers showed that the preva-
lence of oligohydramnios is 3.9%. 134  The predictive 
value of oligohydramnios in the diagnosis of IUGR 
was only 19% to 40%. 134,135  The sensitivity of the 
test (i.e., presence of oligohydramnios) is also low, 
at 16%. 8  The fact that only 16% of all IUGR is as-
sociated with oligohydramnios may be related to the 
marked variation in AFV noted in different pregnan-
cies. In other words, the AFV may be low in many 
normal pregnancies. 

PATHOLOGY BOX 27-4

Semiquantitative Measurements of Amniotic Fluid  8,47,118,135,136 

Measurement Abbreviation Defi nition Technique

Amniotic fl uid 
i ndex

AFI The sum of amniotic fl uid 
measurements, which 
estimates the AFV

Measurement of a single 
pocket in each of the four 
uterine quadrants that is 
free of fetal parts or um-
bilical cord perpendicular 
to the table

Amniotic fl uid 
 volume

AFV The total amount of am-
niotic fl uid surrounding 
the fetus
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BA

C D

E F
 Figure 27-14  A:  Diagram shows division of the pregnant abdomen into four quadrants for obtaining the AFI.  B-E:  Fluid pockets found in four 
different quadrants used in calculating the AFI  (F).  

response is monitored. Investigators have studied the use 
of VAS in an effort to change the fetal behavioral state, 
evoke fetal heart rate accelerations and movements, and 
improve test specifi city and effi ciency. In one study, VAS 
improves the effi ciency of the BPP by decreasing false-
positive tests and improving test  accuracy. 137  

 The CST was one of the fi rst forms of fetal surveil-
lance and is the only modality that uses the principle of 
induced stress to reveal marginal placental insuffi cien-
cy. During this procedure, the fetal heart rate is continu-
ously monitored via cardiotography as an infusion of 
oxytocin is given to the patient to induce contractions. 
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and properly delivered at an appropriate time. A typi-
cal pattern of fetal deterioration in IUGR is an early 
abnormal utD index (typical in women at risk for pla-
cental abnormality [i.e., elevated MSAFP] or pregnan-
cy-induced hypertension), followed by abnormal fetal 
growth, abnormal umD and MCA Doppler values (or 
their ratio), abnormal UV pulsatility, and abnormal DV. 

 Any technique must be subjected to rigorous evalu-
ation before its widespread acceptance. Although EFW, 
umD, and other antenatal testing approaches (NST, 
CST) are now accepted and have been proven effective 
for routine clinical management, other Doppler applica-
tions are undergoing further evaluation. 

 PROTOCOL FOR REPORTING 
ULTRASOUND FINDINGS 
 The sonographer in possession of the background in-
formation discussed in this chapter is in a position to 
present the comprehensive data to the referring phy-
sician. The challenge is to present it in an effective 
and practical way. The referring physician would like 
to have specifi c information regarding the following 
areas: 

 1. The assigned gestational age and the method used 
to assign this age. An example of important com-
ments would be as follows: 
 a. Dates are established by concurrence between 

the early ultrasound (before 26 weeks’ gesta-
tion) and the menstrual dates, or menstrual 
dates are confi rmed by known ovulation day. 

 b. Dates are established by CRL. 
 2. The estimated fetal weight and the two SD varia-

tion of the formula used. 
 3. The birth weight percentile, as outlined in Table 

27-1. For example, it should be stated that an EFW 
of 2,120 g at 36 weeks’ gestation falls below the 
10th percentile rank. The sonographer should 
specify which table was used. 

 4. The fetal growth pattern, once the diagnosis of 
IUGR is suspected (by an EFW below the 10th per-
centile). Other ultrasound data should be carefully 
examined and follow-up examinations are appro-
priate. The interval between these examinations 
should be agreed upon by the physician and the 
sonographer. 

 5. AFI/AFV. The sonographer should enter one or 
more of the following diagnostic criteria for oligo-
hydramnios: 
 a. Diagnosis of oligohydramnios is based on the 

subjective evaluation of AFV. 
 b. Diagnosis of oligohydramnios is based on the 

largest vertical pocket of AF at less than 2 cm 
(depending on the accepted threshold for oli-
gohydramnios in the ultrasound department). 

 c. Diagnosis of oligohydramnios is based on an 
amniotic fl uid index below 6 cm. 
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 Figure 27-15 The blue area of the graph depicts the mean values 
( �  2 SD variation) of the AFI, from the 12th to the 42nd weeks of 
pregnancy. Note that at 40 weeks’ gestation an AFI of 8 falls at a 
critical 2 SD level below the mean. (Reprinted with permission from 
Phelan JP, Ahn MO, Smith CV, et al: Amniotic fl uid index measure-
ments during the pregnancy.  Reprod Med . 1987;32:602). 

A hypoxic or compromised fetus will not  tolerate the 
low intervillous blood fl ow and oxygen level caused 
by the stress of the induced uterine contractions. As a 
result, fetal myocardial hypoxia is manifested as repeti-
tive, uniform, and late heart rate decelerations (deceler-
ations that occur at the end of a uterine contraction). A 
negative CST is one that has no late fetal heart rate de-
celerations in the presence of three uterine contractions 
over a 10-minute period. The false positive rate is not as 
high as other tests (30% to 50%), but it has the lowest 
false-negative rate (0.3 stillbirths per 1,000 births). 136,137  
The drawbacks to this test are that it is time consuming 
to perform, invasive, and expensive. 

 The concern with any diagnostic test is the false 
negative and false positive results that might prompt an 
early or late delivery. Failure to diagnose poor growth 
and associated IUGR bears considerable risk. Although 
the diagnosis of IUGR carries alarming concerns, the 
consequences of the misdiagnosis can be similarly 
alarming (Fig. 27-16). Ringa and coworkers studied the 
rate of preterm elective cesarean in pregnancies thought 
to have an EFW below 10%. 115  They reported in a series 
of almost 17,000 deliveries that 118 infants were falsely 
diagnosed as IUGR, and 13% of these had a needless 
elective cesarean. Their investigation illustrated the 
importance of supplemental tests to examine for fetal 
adaptation and decompensation to avoid unnecessary 
interventions. 115  A multicentered randomized trial, the 
Growth Restriction Intervention Trial (GRIT) evaluated 
differences between immediate versus delayed deliv-
ery in a population with IUGR. 147  More stillbirths oc-
curred in the delayed group and more neonatal deaths 
occurred in the immediate delivery group. The issue of 
optimal timing of delivery remains unsolved. 

 When a fetus is identifi ed as having IUGR, the fetus 
should be closely monitored for physiologic compromise 
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 6. Placental grade. A Grade III placenta may be as-
sociated with IUGR if it is noted before 36 weeks’ 
gestation; this should be described. 

 7. BPP score. The biophysical profi le score should 
be reported when requested. The results can be 
entered on one line, as in the following example: 
FBM  �  0, FM  �  2, FT  �  2, AFV  �  2, NST  �  2; 
total score  �  8. 

 8. Doppler velocimetry. Doppler assessment of the 
umbilical artery, MCA, and other vessels should 
be described in terms of the S/D ratio, PI, or RI (in 
accordance with your departmental policy) (see 
Chapter 24). 

 TREATMENT AND MANAGEMENT 
 A variety of treatment regimens have been consid-
ered for IUGR. Maternal bed rest, vitamin supple-
ments and other antioxidants, aspirin, fi sh oil, hy-
peroxygenation, and hypervolumic hemodilution 
have been suggested, but none have shown signifi -
cant promise in preventing or improving IUGR once 
diagnosed. 138–144  
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 Figure 27-16 This algorithm shows the complexity of fetal deterioration. As the fetal condition evolves from health to death, many anatomic, 
behavioral, physiologic, and biochemical changes occur. The task of the prenatal diagnostician is to determine the risk and level of deteriora-
tion based on the sonographic variables. 

 The only scenario where intervention has shown a 
signifi cant impact on fetal weight is smoking cessation. 
Smoking cessation and avoidance of smoking during 
pregnancy can increase birth weight. 145,146  

 SUMMARY 
 • An IUGR fetus is defi ned as one that less than the 

10th percentile for the gestational age 

 • Symmetric IUGR fetuses may be SGA; however, an 
SGA fetus does not necessarily mean IUGR is  present 

 • Adverse effects of growth restriction occur both dur-
ing the prenatal and postnatal life 

 • The cause of IUGR may be idiopathic or multifactorial 

 • Identifi cation of growth-restricted fetuses is through 
estimated fetal weight, sonographic biometery, Dop-
pler fl ow and amniotic fl uid changes.  

 • Doppler parameters to aid in IUGR diagnosis include 
fl ow changes to the uterine artery, umbilical artery 
and vein, MCA, and the DV 

 • The fi ve components of the BPP are an integral part 
of managing the IUGR fetus 
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 Critical Thinking Questions  1
A 39-year-old gravida 2 para 0 presented at 24 weeks 

to the emergency department complaining of short-
ness of breath.  She was found to have elevated blood 
pressures (170/120), pulmonary edema, and protein in 
her urine. Medications were given to control her blood 

 1. What does her blood pressure and protein in her 
urine indicate?  

 2. Discuss the signifi cance of the umbilical artery and 
vein fi ndings.
ANSWER:
Pre-eclampsia and hypertensive disorders are among 
the most common etiologies for IUGR.  This case 
represents a severe form of maternal disease as well 
as severe manifestations in the fetus and neonate.  
Although several treatments have been proposed and 
studied (i.e. oxygen, vitamins, calcium, aspirin) there 
is no known method to prevent preeclampsia.  The 
onset of seizures indicates a progression of mater-

pressure and help prevent seizures.  Fetal monitoring 
demonstrated a normal baseline heart rate of 130 bpm, 
minimal variability, and late decelerations.  A bedside 
fetal ultrasound showed a live fetus in breech presenta-
tion with an EFW of 500g with an AFI of 10.7cm.

nal disease to eclampsia (toxemia) as discussed in 
chapter 29. 
I think this it is a good question, but if the chapter 
is about IUGR, then shouldn’t the question make a 
comment about the EFW for the fetus?  An EFW of 
500g for a 24 weeker is probably not <10th%
When the Doppler studies of the fetus are viewed 
along a continuum with sequential changes occur-
ring over time in the vascular system, the fi ndings of 
abnormalities in the venous circulation in this case 
also represent fetal decompensation.  The umbilical 
artery fl ow demonstrates reversed fl ow while the 
umbilical vein fl ow indicates pulsatile fl ow. Both are 
indicators of fetal compromise.

 Critical Thinking Questions  2
A 21-year- old gravida 1 presented for prenatal care in 

the late second trimester.  A fetal ultrasound at 28 weeks 
showed that the fetus was measuring at the 27th per-
centile with normal amniotic fl uid.  The fetal abdominal 
circumference measured at <2.5th%, which prompted 
follow-up ultrasounds.  Serial measurements indicated 
decreasing fetal growth – would be more specifi c here 

– i.e. dropped to the 10th% at 34 weeks,etc or refer to 
the graphs below. At 37 weeks the amniotic fl uid index 
had decreased (6 cm) and the umbilical artery Doppler 
S/D ratio was increasing (this implies that it was mea-
sured previously and was presumably normal.  I don’t 
have the table of UA S/D ratios in front of me, but an 
S/D ratio of 2.8 at 37 weeks doesn’t seem too elevated.
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 1. Using the spectral Doppler images above, calculate the 
cerebroplacental ratio. What does this ratio indicate?  

 2. What do the AC and EFW charts indicate?  Explain 
your answer. 

The cerebroplacenal ratio is the middle cerebral 
artery RI divided by the umbilical RI.  The right fi g-
ure is an image of the middle cerebral artery Doppler 
where the RI = 0.70.  The left fi gure is an image of 
the umbilical artery Doppler where the RI = 0.64.  
In this case; 0.7 / 0.64 = 1.09.  Though still normal, 
the closeness to this value indicates development 
of IUGR.  A value of 1.09 is considered elevated at 
34 weeks.  These two statements are contradictory 
– fi rst sentence says it is normal, second says it is 
elevated.  Can you pick results that are more clear-
cut – i.e. clearly normal or clearly elevated.

These graphs demonstrate the estimated fetal 
weight (“A” values) based on the Hadlock formula 
with population growth percentiles (10th and 90th as 
denoted by the solid lines. The left diagram is a plot 
of the estimated fetal weight (EFW) in grams over 
weeks gestation.  This showed progressively slowing 
fetal growth with a fi nal value of the 5th percen-
tile at 36 weeks.  The right diagram is a plot of the 
abdominal circumference (AC) in centimeters over 
weeks gestation.  These values were always less than 
two standard deviations below the mean. Both these 
graphs indicate progressing IUGR. 

My interpretation of the graphs above is that the 
overall fetal growth was at the 10th% at 36 weeks 
(not 5th).  The “A” touches the 10th% line.  The 
abdominal circumference looks like it was mostly at 
the -2.5SD (not less).
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 Meiosis Division of a cell in which there is a reduction, 
by half, in the normal haploid number of chromosomes 

 Multifactorial Involving several different factors 

 Pregnancy-associated plasma protein A (PAPP-A) 
Placental syncytiotrophoblastic hormone found in mater-
nal blood serum 

 Pre-eclampsia Triad of hypertension, fl uid retention 
(edema), and proteinuria occurring after 20 weeks’ 
gestation 

 Quadruple screen Testing for maternal levels of AFP, 
unconjugated estriol, hCG, and inhibin A 

 Soft sonographic marker Nonspecifi c transient 
 markers seen in normal and aneuploidy fetuses that 
have an increased incidence in the chromosomally 
abnormal fetus 

 Triple screen Testing for maternal levels of AFP, uE 3 , 
and hCG 

 Unconjugated estriol (uE 3 ) Hormone produced by the 
syncytiotrophoblast 

 Vertical transmission From mother to child 

 GLOSSARY 

 Alpha-fetoprotein (AFP) Serum protein produced 
by the fetal yolk sac and liver that aids in detection of 
 neural tube defects, ventral wall defects, skin disorders, 
and in rare cases, nephrosis 

 Analyte Any substance measured in a laboratory such 
as AFP, inhibin A, or human chorionic gonadotropin 

 Aneuploidy Abnormal number of chromosomes 

 Haploid Normal number of chromosomes in a cell 

 Heterogeneous disorder Mutations caused by 
 multiple genes 

 Human chorionic gonadotropin (hCG) Hormone 
secreted by immature placenta 

 Inhibin A Protein secreted by the corpus luteum and 
placenta 

 Karyotype Arrangement of chromosomes by type, size, 
and morphology to determine normalcy 

 Mosaicism Presence of two different types of cell 
 genotypes (karyotype) in an individual 

 Mitosis Division of a cell resulting in the normal 
 haploid number 

 KEY TERMS 

 aneuploid  |  autosomal dominant  |  autosomal recessive  |  chromosome  |  deletion  |  
deoxyribonucleic acid (DNA)  |  diploid  |  dysplasia  |  euploid  |  genes  |  genetic code  |  
genetics  |  germ cells  |  haploid  |  inheritance  |  inhibin-A  |  Insertion  |  inversion  |  meiosis  |  
mitosis  |  monosomy  |  multifactorial inheritance  |  nondisjunction  |  PAPP-A  |  somatic cells  |  
syndrome  |  translocation  |  triploid  |  trisomy  |  unconjugated estriol  |  X-linked inheritance 

 OBJECTIVES 

 Discuss patterns of anomalies using the terminology associated with each form. 

 Differentiate between mitosis and meiosis. 

 Compare structural and numerical abnormalities to a normal chromosome. 

 Describe autosomal dominant, autosomal recessive, X-linked, and multifactorial 
inheritance patterns. 

 Identify risk factors for chromosomal abnormality occurrence. 

 List the prenatal laboratory testing used to identify an abnormal embryo and/or fetus. 

  28 Patterns of Fetal Anomalies 
 John F. Trombly and Susan Raatz Stephenson 
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 result in a disruption of development. 1  An exam-
ple of disruption is amputation of an extremity 
due to amniotic bands or a malformation due to a 
teratogen such as rubella. 2,3  A disruption does not 
have a genetic component; however, the embryo 
can have a predisposition to the  malformation if 
outside factors become involved. 2  

•  Dysplasia. An anomaly in which the structure of 
 tissue lacks the normal organization of cells. 2  Ab-
normal cell development, or dyshistogenesis, re-
sults in dysplasia. 2  This nonspecifi c process often 
results in malformation of multiple organs at the 
cellular level. 2  Congenital ectodermal dysplasia is 
an example of this type of anomaly. 

 The prenatal sonographic examination allows for de-
tailed assessment of the fetal anatomy and an accurate 
identifi cation of numerous anomalies. The examiner 
acts like a detective gathering clues at the scene of a 
crime. Once all the evidence is accumulated, a com-
parison of the fi ndings with established patterns (syn-
dromes, associations, or sequences) leads to a specifi c 
diagnosis in many instances. 

 GENETICS 
 Genetics is the study of heredity in living organisms. 
Genes, which are responsible for heredity, are made up of 
segments of deoxyribonucleic acid (DNA). Chromosomes 
contain the genes, and the cell nuclei contain the chromo-
somes. The arrangement of DNA in the genes is what gives 
us the genetic code. Replication of the genetic code results 
in transmission of traits and characteristics from one gen-
eration to the next (Fig. 28-1). This set of instructions con-
tains the instructions for the formation and development 
of the tissue and structures that become the human body. 

 CHROMOSOMES 

 There are basically two groups of cells in the human 
body, germ cells (gametes) and somatic cells (every-
thing else). Germ cells or gametes are the cells re-
sponsible for reproduction, the sperm and the egg. 
They contain 23 chromosomes, or one set. This set is 
termed haploid and consists of 22 autosomes and 1 sex 
chromosome, either an X or a Y. Somatic cells contain 
23 pairs of chromosomes, 22 pairs of autosomes and 
2 sex chromosomes, and are referred to as diploid. 

 Somatic cells replicate through the process called mi-
tosis, which produces two daughter cells that  contain 
the same genetic information as the original cell (46 
chromosomes) as seen in Figure 28-1. A specialized 
process of cell replication called meiosis occurs in germ 
cells and produces four daughter cells that are haploid, 
containing 23 chromosomes (Fig. 28-2). Errors that 
occur during meiosis may result in differences in the 
number of chromosomes in each daughter cell, or in 
structural abnormalities in the chromosomes. 

 Because of its ability to provide a detailed assessment 
of the fetal anatomy and accurately identify anomalies, 
sonography has become an adjunct to laboratory testing. 
This chapter contains information of inheritance pat-
terns and categorization of developmental or  acquired 
anomalies to include malformation,  deformation, dis-
ruption, and dysplasia. 

 PATTERNS OF ANOMALIES 
 Sonography has proven to be an effective tool in the 
evaluation of the developing fetus and the detection of 
anomalies throughout pregnancy. Structural anomalies 
of the fetus may be solitary fi ndings or they may be 
seen in multiples or patterns. A grouping or pattern of 
fi ndings may represent a syndrome, an association, or 
a sequence. These terms describe the manner in which 
the fi ndings are related. 

•  Syndrome. A pattern of multiple anomalies related 
to a single causative factor or pathology. 1,2,3  A tri-
somy would be considered a syndrome because of 
the multiple malformations found that are due to 
a chromosomal anomaly. 2  

•  Association. A pattern of multiple anomalies seen 
in numerous individuals that is not related to a sin-
gle causative factor or pathology. 1,2  With an associ-
ation, fi nding one malformation leads to searching 
for others that are known to occur together. These 
are not part of a sequence or syndrome. 3  

•  Sequence. A pattern of multiple anomalies that re-
sults from an initial single anomaly. 1,2  A sequence 
may be the result of a malformation, deformation, 
or disruption. 1  

 Anomalies affecting the developing embryo or fetus 
are typically divided into four categories: malforma-
tion, deformation, disruption, and dysplasia. 3  

•  Malformation. An anomaly, either single or mul-
tiple, in which the structure or tissue is abnormal 
from the beginning. 1,2  Clefting of the lip or palate is 
an example of a malformation. If a fetus has a pri-
mary birth defect, such as spina bifi da, that results 
in other defects, hydrocephalus or club foot, the 
term malformation sequence 2  is used. 

•  Deformation. An anomaly that is either intrinsic 
or extrinsic in origin. When structure or tissue is 
acted upon by outside forces resulting in an ab-
normal shape or position, this is considered an 
extrinsic  deformation. 1,2  Clubbing of the extremi-
ties caused by oligohydramnios is an example of a 
deformation. An intrinsic deformation is the result 
of a fetal malformation. 1  In the case of a renal mal-
formation where the fetus fails to  urinate, oligohy-
dramnios develops, resulting in bilateral club foot. 

•  Disruption. An anomaly in which the structure or 
tissue, previously normal, breaks down as a re-
sult of some type of insult to the developmental 
process. 1,2   Intrinsic, extrinsic, and vascular insults 
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Figure 28-1 DNA replication.  A:  DNA be-
fore division.  B:  DNA begins to unravel, with 
each strand attracting new nucleotide bases. 
 C:  Cell division continues as new nucleotide 
bases attach to each strand to form a coil of 
new DNA.  D:  Cell division is complete. Each 
new cell contains an exact copy of the parent 
chromosome’s DNA.
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   CHROMOSOMAL ABNORMALITIES 

 The mapping of chromosomes from a sample results in a 
karyotype that allows counting of the numbers (Fig. 28-3). 
Changes in the number of chromosomes present in the 
cells are called heteroploidy and are considered numeric 
anomalies. 1,2  Euploidy is the condition in which there are 
integral multiples of the haploid number (23) of chro-
mosomes. An example is triploidy, in which there are 
69 chromosomes in the cell (3  �  23). 2  Aneuploidy is the 
condition in which there is a departure from the euploid 
number of chromosomes. 1  Having one extra chromo-
some in a set (trisomy) or missing a chromosome from a 
set (monosomy) are examples of aneuploidy. 2  This chro-
mosomal nondisjunction occurs during meiosis. 2  Most 
trisomies result from maternal nondisjunction, whereas 
monosomy may result from either maternal or paternal 
nondisjunction, increasing with maternal age. 2  

   Structural abnormalities of the chromosomes are 
less common than numerical abnormalities and most 
often result from breakage of the chromosome. 2  This 
breakage may be caused by exposure to factors such 
as drugs, radiation, viruses, or chemical agents. 2  Exam-
ples of structural abnormalities are deletion, insertion, 
inversion, and translocation. 

•  Deletion. Part of the chromosome may be lost during 
breakage, or in rare instances a ring chromosome 
may form. 2  Cri du chat syndrome is the result of par-
tial deletion from the short arm of chromosome 5. 2  

•  Insertion. The addition of genetic information to 
the chromosome, which occurs during meiosis. 

•  Inversion. A part of the chromosome may be rear-
ranged within itself. 2  This does not result in a loss 

2N = 4

Duplication of chromosomes

Sister
chromatids

centromere

Meiosis I

Meiosis II

N = 2 N = 2

 Figure 28-2 Separation of chromosomes at the time of meiosis. 
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Y

 Figure 28-3 A set of normal chromosomes 
(karyotype). There are 46 total chromosomes, 
of which 44 are autosomes (pairs 1–22 in the 
fi gure; non-sex chromosomes) and two are 
sex chromosomes (pair 23 in the fi gure; two X 
chromosomes for a female, or one X and one 
Y for a male). The shorthand for a female is 
46,XX and for a male 46,XY. In each pair, one 
is from the male (blue) and one is from the fe-
male (pink parent). Genes are short segments 
of DNA and are located either on the short 
 (p)  arm of the chromosome above the waist 
or the long  (q)  arm below it. 
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of genetic information and often does not result in 
abnormalities in the parent; however, this chromo-
somal anomaly can be found in offspring. 2  

•  Translocation. During breakage a piece of one 
chromosome may be transferred to a different 
chromosome. 1  Translocations do not always cause 
 abnormalities and are considered balanced translo-
cation carriers (Fig. 28-4). 2  

 Teratogens, agents that produce congenital malforma-
tions, come in many forms. Infection and drugs, consid-
ered environmental teratogens, mimic  genetic defects. 2  
Because of the embryonic sensitivity to  teratogens, 
up to 10% 2  of congenital anomalies trace to these en-
vironmental causes. Two examples of environmental 
teratogens are fetal rubella syndrome, responsible for 
 blindness and deafness, and fetal alcohol syndrome. 

 INHERITANCE 

 The transmission of the genetic code from parents to 
offspring is inheritance. Genetic code that infl uences 
structure, tissue, traits, and characteristics may be 
passed on to successive generations through several 
modes of transmission: autosomal dominant, autoso-
mal recessive, X-linked, and multifactorial. 

•  Autosomal dominant. Conditions associated with 
the 22 non-sex chromosome are termed autoso-
mal. In autosomal dominant transmission, one 
parent has the trait or condition, and this parent’s 
genetic contribution “dominates” the genes from 
the other parent. When one parent has the domi-
nant gene, there is a 50% chance each child will 
inherit the trait or condition (Fig. 28-5). 1  

•    Autosomal recessive. Each parent carries the gene 
associated with the trait or condition but is not af-
fected. Each child has a 25% chance of having the 
condition, a 50% chance of becoming a carrier, and 
a 25% chance of not inheriting the gene (Fig. 28-6). 1  

•    X-linked. Conditions associated with genes  located on 
the X chromosome may be dominant or recessive. 1  Re-
cessive conditions are more common than  dominant, 
with a preponderance in males. 1  Color-blindness is an 
example of an X-linked recessive disorder (Fig. 28-7). 

•    Multifactorial. Conditions may occur as a result of 
both genetic and nongenetic causes, and though 
they recur in families, there is no identifi able pat-
tern of transmission. Cardiac defects, neural tube 
defects, and facial clefting are examples of multi-
factorial inheritance. 

 RISK FACTORS 

 A number of factors are known to increase the risk for 
the occurrence of chromosomal abnormalities. Some are 
readily identifi able, such as maternal age and a previous 
pregnancy with a chromosomal abnormality. Trisomy 21 
occurs in newborns of 35-year-old women at a rate of 1 
in 385, and women who have had a previous pregnancy 
with trisomy have a risk of recurrence up to eight times 

Figure 28-4 Structural abnormalities of human chromosomes. The 
deletion of a portion of a chromosome leads to the loss of genetic 
material and a shortened chromosome. A reciprocal transloca-
tion  involves breaks on two nonhomologous chromosomes, with 
 exchange of the acentric segments. An inversion requires two breaks 
in a single chromosome. If the breaks are on opposite sides of the 
centromere, the inversion is pericentric, whereas it is paracentric if 
the breaks are on the same arm. A robertsonian translocation occurs 
when two nonhomologous acrocentric chromosomes break near 
their centromeres, after which the long arms fuse to form one large 
metacentric chromosome. Isochromosomes arise from faulty centro-
mere division, which leads to duplication of the long arm (iso q) and 
deletion of the short arm, or the reverse (iso p). Ring  chromosomes 
involve breaks of both telomeric portions of a chromosome, dele-
tion of the acentric fragments, and fusion of the remaining centric 
portion.

Deletion

Translocation

Inversion

Pericentric Paracentric
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Translocation

Isochromosomal
Translocation

Ring
Formation
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maternal serum alpha-fetoprotein (MSAFP) testing in the 
1980s established the value of prenatal screening. Today, 
prenatal screening is considered an effective test for an-
euploidy. It is important to remember that screening does 
not confi rm or rule out the presence of  disease, but sim-
ply evaluates the risk relative to the general population. 

 FIRST TRIMESTER 

 In the fi rst trimester, screening is useful in assessing the 
risk for trisomies 13, 18, and 21. Blood tests that measure 
the amount of human chorionic gonadotropin (hCG) and 
pregnancy-associated plasma protein A (PAPP-A), and 
sonographic evaluation of the nuchal region of the fetus, 
have all been shown to be effective in the identifi cation 
of aneuploidy. Specifi cally, increases in hCG and decreas-
es in PAPP-A, along with increased nuchal translucency 
(NT) measurements, have been associated with trisomy 

greater for maternal age. Certain ethnic groups are at 
increased risk for many Mendelian disorders. Sickle cell 
disease is more prevalent among individuals of African, 
Middle Eastern, Caribbean, Mediterranean, and Latin 
American descent. A history of early pregnancy loss 
and advanced paternal age are also associated with an 
increased risk of chromosomal abnormalities. 

 PRENATAL SCREENING 
 Medical screening procedures are valuable tools that al-
low health care providers to identify individuals at in-
creased risk for a variety of diseases and conditions. 
Prenatal screening becomes benefi cial for pregnant pa-
tients with personal or clinical risk factors that increase 
the possibility of genetic anomalies. Several biochemical 
and  ultrasound markers aid in risk assessment for both 
disease and structural anomalies. The development of 
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 Figure 28-5 Autosomal dominant inheritance. The dominant gene is present in one affected, unhealthy (diseased) parent. Half of the children 
will be affected. 
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 Each marker behaves differently. In trisomy 21, lev-
els of MSAFP and uE 3  are low and levels of hCG and 
inhibin A are elevated. 1,16  Levels of uE 3 , AFP, and hCG 
markers are low, AFP is high, and inhibin A shows 
no change in patients with trisomy 18. 1,16  The triple 
screen  produces detection rates of 70%. The addition 
of  inhibin A (the quad screen), which is increased in 
trisomy 21, improves the detection rate to 80%. 1  Re-
gardless of the trimester or screening strategy used, 
these tests are an essential component of modern pre-
natal care. Women identifi ed to be at increased risk 
can receive genetic counseling and be offered appropri-
ate  diagnostic tests. 

 PRENATAL DIAGNOSTIC PROCEDURES 
 Once increased risk for aneuploidy is established, di-
agnostic procedures may be performed to evaluate the 
genetic makeup of the fetus. Several procedures are 

21 (Down syndrome). When used in combination in the 
fi rst trimester (10 to 14 weeks), these three markers yield 
an 82% to 87% detection rate of trisomy 21. 

 SECOND TRIMESTER  

 Women who did not undergo screening in the fi rst tri-
mester should be offered biochemical screening in the 
second trimester, between 15 and 20 weeks. In the 
second trimester, four biochemical markers are used: 
MSAFP, hCG, unconjugated estriol (uE 3 ), and inhibin A. 1  

 Unconjugated estriol is one of two syncytiotropho-
blastic hormones used in prenatal screening. The fetal 
adrenal gland and liver synthesize the hormone and 
the placenta deconjugates the hormone. Fetal malfor-
mations disrupting the normal process result in uncon-
jugated estriol in the maternal bloodstream. 1  HCG, also 
secreted by the syncytiotrophoblast, relates to the pla-
cental maturity. 1  

Abnormal Normal

Abnormal NormalNormalAbnormal

Abnormal

Normal

Autosomal recessive gene inheritance
Example: Sickle cell disease

Father: healthy carrier

• Heterozygous,
sickle trait,
Hgb SA

• Clinically
asymptomatic
carrier

Gene codes for Hgb S

Paternal chromosome

Healthy, carrier;
heterozygous, sickle trait,
Hgb SA

Diseased, homozygous;
sickle cell disease, 
Hgb SS

Child A Child B

Healthy, carrier;
heterozygous, sickle trait,
Hgb SA

Child C

Healthy, homozygous;
normal chromosomes,
Hgb AA

Child DPaternal chromosome

Gene codes for Hgb A

Gene codes for Hgb S

Maternal chromosome

Gene codes for Hgb A

Maternal chromosome

Mother: healthy carrier

• Heterozygous, sickle
trait, Hgb SA

• Clinically
asymptomatic
 carrier

 Figure 28-6 A recessive gene is present in each healthy, carrier parent. Half of the children will be healthy but carry the gene defect (Hgb SA, 
sickle cell trait); one-fourth will be genetically and clinically normal (Hgb AA); and one-fourth will have sickle cell disease (Hgb SS). 
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 AICARDI SYNDROME 

 Description 
 Aicardi syndrome is a rare condition, with only a few 
thousand cases reported worldwide. 20,21  Syndrome fre-
quency is unknown and shows no ethnic propensity. 20  
Diagnosis of this syndrome is made through determin-
ing the presence of agenesis of the corpus callosum, 
chorioretinal lacunae, and infantile spasms. 34  Incidence 
rate varies with geography, with approximately a 1 per 
100,000 occurrence. 34  

 Lab Values 
 There are no specifi c maternal serum markers for 
Aicardi syndrome. The only method to ensure correct 
diagnosis is through amniocentesis, chorionic villi 
sampling, or percutaneous umbilical blood sampling 
(PUBS). 20  

available, each with their own advantages and risks: 
amniocentesis, chorionic villus sampling, and umbili-
cal blood sampling. These are discussed in greater de-
tail in Chapter 31. 

 SYNDROMES, SEQUENCES, 
AND ASSOCIATIONS 
 Patterns of anomalies recognized in humans are cat-
egorized by type and often named after the individual 
or individuals who fi rst described or identifi ed the pat-
tern. Today there are well over 10,000 recognized syn-
dromes. As the understanding of the human genome 
grows, so too will the understanding of the nature of 
fetal anomalies. The syndromes, sequences, and asso-
ciations presented here are just a sampling, chosen pri-
marily because they have sonographically identifi able 
fi ndings. 
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 Figure 28-7 X-linked recessive gene inheritance. Example: Classic hemophilia (hemophilia A). The defective gene on the X chromosome is 
expressed in males only because the Y chromosome contains no matching normal gene (allele) to offset the effect of the defective X gene. 
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 AMNIOTIC BAND SEQUENCE 

 Description 
 Amniotic band sequence, or constriction band syn-
drome, begins with the rupture of the amnion and sub-
sequently results in the entrapment of fetal parts. 22  The 
amnion constricts the growing fetal anatomy, leading to 
disruption and often amputation of the entangled part. 3  
Most cases of amniotic band sequence are idiopathic, 
although in rare instances trauma is the cause. The in-
cidence has a wide range of about 1 in 1,200 to 1 in 
15,000 22  live births with a male to female ratio 1:1. 3  

 Lab Values 
 No maternal or fetal laboratory values aid in diagnosis 
of this condition. 

 Genetics 
 Not known, 3,16  as the gene presentation of the fetus is 
karyotypically normal. 16  Associated with epidermolysis 
bullosa and Ehlers-Danlos syndrome. 3  

 Sonographic Findings 
 Severity becomes dependent on when the fetus became 
entrapped by the amnion. 16  The presence of amniotic 
bands or sheets alone does not indicate amniotic band se-
quence. The entanglement of fetal structures or the obvi-
ous disruption of an extremity or other fetal part by bands 
or sheets is indicative of the sequence (Fig. 28-8). 3,16  Sev-
eral studies link abnormalities such as holoprosencephaly, 
cerebellar dysplasia, heterotopia, and cardiac and renal 

 Genetics 
 Aicardi syndrome occurs mainly in females. 21  Even 
though the syndrome is considered to have an autoso-
mal recessive inheritance pattern, 20  the fact that it oc-
curs in females classifi es the syndrome as an X-linked 
dominant inheritance pattern. 21,34  New autosomal dom-
inant mutations are also possible. 20  

 The four genes known responsible for this mu-
tation are TREX1, RNASEH2B, RNASEH2C, and 
RNASEH2A. 20,21  There has been a fi nding of Aicardi 
syndrome with a normal chromosomal karyotype, 
which suggested a disease-induced cause for the syn-
drome. 20  

 Sonographic Findings 
 Agenesis of the corpus callosum is the most common 
fi nding. 3,22  Also seen are microcephaly, porencephal-
ic cysts, microphthalmia, choroid plexus papilloma, 
Dandy–Walker malformation, dysgenesis of the corpus 
callosum, brain calcifi cations, brain asymmetry of gyri 
and sulci, and scoliosis. 3,16,20,21  

 Prognosis 
 In 20% of cases, diagnosis of this syndrome is made 
through neonatal testing for elevated liver enzymes, 
thrombocytopenia, neurologic fi ndings, and the pres-
ence of hepatosplenomegaly. 20  Affected individuals 
have moderate to severe mental defi ciency, 3,21  seizures, 
and blindness. 20,21  Mortality is high in the fi rst few 
years. 3,34  

A B
 Figure 28-8 Amniotic band syndrome.  A:  Marked swelling and edema of the foot are evident  (arrows).  A constriction band of the leg is 
 suggested  (curved arrow).   B:  The pathologic photograph correlates with ultrasound fi ndings, showing marked edema of the foot and lower 
leg secondary to constriction by amniotic band. 



 722 PART 2 — OBSTETRIC SONOGRAPHY

abnormalities; however, a fetus with these abnormalities 
may have normal amnion. 3  Monozygotic twins are affected 
more than dizygotic twins. 3  Uterine synechiae or septations 
may mimic; however, these do not adhere to the fetus. 3  

   Prognosis  
 Outcomes vary widely depending upon the nature and 
degree of entanglement, from minor disability associ-
ated with hands or fi ngers affected to death if large por-
tions of the fetal head or torso are entrapped in the 
amnion (Fig. 28-9). 3  

 APERT SYNDROME 

 Description 
 Apert syndrome is a rare condition (1 in 65,000 to 1 in 
200,000) 3,16,21  characterized by premature fusion of the 
skull bones. 21  A form of acrocephalosyndactyly, it was 
fi rst described in 1906. 3,16  Craniosynostosis is the main 
characteristic of Apert syndrome, which results in chang-
es of head and face shape (Fig. 28-10). 21  Apert syndrome 
is part of a group of syndromes that contain craniosynos-
tosis as a fi nding, along with Muenke, Crouzon, Jackson-
Weiss, Pfeiffer, and Beare-Stevenson syndrome. 16  

 Lab Values 
 There are no specifi c maternal serum markers for  Apert 
syndrome. In the presence of an open spinal defect, 
MSAFP may be elevated. 

 Genetics 
 FGFR2 gene mutations result in Apert syndrome. 16,21  
A protein produced by this gene performs multiple func-
tions, one of which is the initiation of bone development 

A B
 Figure 28-9 Amniotic band syndrome.  A:  A coronal scan of the face and head shows exencephaly with eviscerated brain  (curved arrow).  A fa-
cial cleft  (straight arrow)  is also evident.  O,  orbits.  B:  A pathologic photograph of a similar case shows exencephaly, a ventral wall defect, and 
an amniotic band extending through the mouth. 

cells during embryogenesis. Lack of this protein results 
in the premature fusion of the skull, hand, and foot 
bones. 21  Since only one copy of the gene is necessary 
for development of Apert syndrome, it is considered 
to be autosomal dominant. 3,16,21  This malformation oc-
curs sporadically and has associations with advanced 

 Figure 28-10 Typical facies of Apert syndrome. Note antimongol-
oid slanting of the palpebral fi ssures, exophthalmos, hypertelorism, 
oxycephaly, and midfacial hypoplasia. 
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A B
 Figure 28-11 Apert syndrome.  A:  This surface-rendered 3D construction demonstrates a bulging forehead and upper facial sinking. 
 B:    Proptosis, bulging of the eyes, is seen in this surface rendering. (Image courtesy of Philips Medical Systems, Bothell, WA.) 

paternal age. 3  When a parent carries the gene there is 
a 50% recurrence rate; 3  however, most cases are new. 16  

 Sonographic Findings 
 Prominent or bulging forehead and increased cephalic 
index raise suspicion for craniosynostosis (Fig. 28-11). 3,16  
The premature fusion of the skull results in sinking of 
the midface, wide-set eyes, and maxillary underdevel-
opment. 21  Other cranial fi ndings include hypertelorism, 
agenesis of the corpus callosum, and ventriculomega-
ly. 3,16  Syndactyly and digit fusion is also frequently seen 
in Apert  syndrome. 16,21  

 Prognosis 
 Early surgery is often indicated to relieve increased 
 intracranial pressure. Apert syndrome is often associ-
ated with varying degrees of mental defi ciency related 
to the intracranial anomalies. 16  

 BECKWITH-WEIDEMANN SYNDROME 

 Description 
 Beckwith-Weidemann syndrome (BWS) is an overgrowth 
disorder affecting 1 in 10,000 live births. 3   Diagnosis is 
made through fi ve fi ndings: macroglossia,  anterior 
wall defects, hypoglycemia at birth, macrosomia, and 
 hemihpyperplasia. 23,24  

 Lab Values 
 In the fetus with BWS that has an omphalocele, there 
is an elevation of the maternal alpha-fetoprotein (AFP) 
50% of the time. 16  

 Genetics 
Although most cases are sporadic with normal karotypes, 
10% to 15% are autosomal dominant in nature and dem-
onstrate translocations, inversions, and/or duplications 

 PATHOLOGY BOX 28-1 

 Pathologic and Clinical Features of Apert Syndrome 

 Central nervous Craniosynostosis with acrocephaly/
 system  turricephaly 
  Agenesis/hypoplasia of corpus 
  callosum 
  Hydrocephalus 
  Cephalocele 
  Spina bifi da 
  Cerebral atrophy/hypoplasia of the
  white matter 
  Gyral abnormalities, heterotopic
  gray matter 
 Extremities Brachydactyly 
  Broad thumbs 
  Elbow/joint radiohumeral synostosis 
  Hypoplastic or absent humerus 
  Polysyndactyly of fi ngers 
  (mitten hands) 
  Polydactyly of toes 
 Facial Cleft palate 
  Hypertelorism 
  Prominent eyes/proptosis 
  Prominent forehead (frontal bossing) 
  Malar hypoplasia 
  Depressed nasal bridge with 
  parrot-beaked nose 
 Cardiac anomalies Pulmonic stenosis 
  Overriding aorta 
  Ventricular septal defects 
 Genitourinary Hydronephrosis 
 Reproduced with permission from McKusick VA, ed. Online 
Mendelian inheritance in man. http://www.ncbi.nlm.nih.gov/
omim/.  McKusick-Nathans Institute for Genetic Medicine, Johns 
Hopkins University (Baltimore, MD) and National Center for Bio-
technology Information, National Library of Medicine (Bethesda, 
MD), 2000. 

http://www.ncbi.nlm.nih.gov/
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 Genetics 
 This autosomal-dominant trait, which has an associa-
tion with an anterior meningocele, presacral  teratoma, 
and anorectal anomalies, is often referred to as the Cur-
rarino triad. 27,28  A specifi c genetic cause had not been 
established; however, the syndrome has been linked to 
deletions in the 6q25.3, 7q36, and HLBX9 gene. 21,27,28  

 Prognosis 
 How well the individual functions depends on the termi-
nation level and spinal stability. Medical problems include 
bladder and bowel incontinence, recurrent urinary tract 
infections, renal impairment, vesicourethral dysfunction, 
and the development of a neurogenic bladder. 29,30  

 CHARGE SYNDROME 

 Description 
 Previously an association, CHARGE is a collection of rare 
malformations now recognized as a syndrome. The pat-
tern of anomalies includes  c olobomatous malformation, 

of chromosome 11. Assisted reproduction techniques 
have shown to increase the incidence of BWS. These fe-
tuses and neonates demonstrate the structural malforma-
tions of BWS but do not have the genetic causes.

 Sonographic Findings 
 Macroglossia 3  is the classic sonographic fi nding in BWS, 2  
as with trisomy 21; however, the combination of macro-
somia and macroglossia raises concern for BWS. 16  Other 
fi ndings include macrosomia, omphalocele,  enlarged kid-
neys, cardiomegaly, and polyhydramnios (Fig. 28-12). 2,16,24  
Normal karyotype is common with a fetus demonstrating 
an omphalocele-containing liver. 16  

 Prognosis 
 Infant mortality rates as high as 21% due to conges-
tive heart failure have been reported. 3,16  There is also 
an increased risk for pediatric neoplasia such as Wilms’ 
tumor, hepatoblastoma, adrenal corticocarcinoma, neu-
roblastoma, and rhabdomyosarcoma. 16,24  

 CAUDAL REGRESSION SYNDROME 

 Description 
 Caudal regression syndrome, also known as caudal 
dysplasia sequence, was previously thought to be re-
lated to sirenomelia. 10  They are now felt to represent 
two distinct anomalies. The cause of this disorder is 
unknown, though 16% have been associated with dia-
betic mothers. 3,9  Caudal defects vary from incomplete 
development of the sacrum and lumbar vertebrae to 
sacral agenesis and disruption of the distal spinal cord. 

 Sonographic Findings 
 See Chapter 19 for a detailed description of the sono-
graphic features of caudal regression syndrome. 

 Lab Values 
Open spinal defects and some types of teratomas, both 
which may be seen in this condition, may result in an 
increase in MSAFP. 

 Figure 28-12 Transverse abdomen demonstrating an omphalocele. 
(Image courtesy of Philips Medical Systems, Bothell, WA.) 

 PATHOLOGY BOX 28-2 

 Pathologic and Clinical Features of Beckwith-
Wiedemann Syndrome 

 Growth Macrosomia 
  Hemihypertrophy 
 Craniofacial Metopic ridge 
  Large fontanel 
  Prominent occiput 
  Coarse facial features 
  Prominent eyes 
  Linear earlobe creases 
  Posterior helical indentations 
  Macroglossia 
 Abdomen Omphalocele 
  Hepatomegaly 
  Pancreatic hyperplasia 
  Hepatoblastoma 
  Adrenal carcinoma 
 Metabolic Neonatal hypoglycemia 
 Hormonal Adrenocortical cytomegaly 
  Pituitary amphophil hyperplasia 
 Genitourinary Renal medullary dysplasia 
  Large kidneys 
  Overgrowth of external genitalia 
  Cryptorchidism 
  Wilms’ tumor 
  Gonadoblastoma 
 Cardiovascular Cardiomyopathy 
  Cardiomegaly 
 Reproduced with permission from McKusick VA, ed. Online 
Mendelian inheritance in man. http://www.ncbi.nlm.nih.gov/
omim/. McKusick-Nathans Institute for Genetic Medicine, Johns 
Hopkins University (Baltimore, MD) and National Center for Bio-
technology Information, National Library of Medicine (Bethesda, 
MD), 2000. 

http://www.ncbi.nlm.nih.gov/
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right ventricle with an artrioventricular canal, ventric-
ular septal defect, atrial septal defect, and right-sided 
and interrupted aortic arch have all been observed 
with CHARGE syndrome. 3,16,31  Growth defi ciencies are 
not usually observed in the prenatal period. Other 
 occasional fi ndings include micrognathia, cleft lip, cleft 
palate, renal anomalies, omphalocele, TE fi stula, poly-
dactyly, hemivertebrae, and hypertelorism (Fig. 28-13). 31  

 Prognosis 
 Death in the perinatal period may occur as a result of car-
diac anomalies, TE fi stula, or choanal atresia. 31  Decreased 
growth and developmental delay appear in the fi rst six 
months of life. 21  Cognitive function varies with most pa-
tients exhibiting some degree of mental defi ciency. 21,31  

 GOLDENHAR SYNDROME 

 Description 
 Also known as oculo-auriculo-vertebral syndrome, 3  
Goldenhar syndrome is a rare condition documented 
in 1952 by Goldenhar but fi rst recorded in 1845. 34  It is 
characterized by incomplete development of the ear, 
nose, soft palate, lip, and mandible on one side of the 
body. 16  This is a result of the fi rst and second brachial 
arch developing abnormally in the embryo. 35  Because 
of the 85% 36  occurrence of ipsilateral underdevelop-
ment of the external ear and face, these are consid-
ered the defi ning features of the syndrome; however, 
bilateral malformations may also occur. 35,36  Common 
associated anomalies of the spine include scoliosis, 
hemivertebrae, and cervical fusion. 36  This syndrome 
occurs between 1 in 3,000 and 1 in 50,000, 3,16  with a 
male-to-female ratio of 3:2. 35,36  

 Lab Values 
 Routine maternal serum testing would not specifi cally 
diagnose Goldenhar syndrome; however, some cases of 
the syndrome occur with an occipital meningoencepha-
locele, 37  which could result in an increased AFP  level. 16  

 h eart defects,  a tresia choanae,  r etardation (mental and 
growth defi ciencies),  g enital hypoplasia, and  e ar anoma-
lies. 3,16  Occurrence rate for CHARGE is from 1 in 8,500 to 
1 in 10,000 individuals. 21  

 Two types of characteristics help identify CHARGE 
syndrome. Major characteristics specifi c to this syn-
drome include the coloboma (80% to 90%), 31  which is 
a hole in a structure of the eye. The coloboma affects 
eyesight, with the severity depending on the location 
and whether it affects one or both eyes. Eyes may be 
small, as may also be the nasal passages. Cranial nerve 
anomalies result in swallowing diffi culties, and facial 
paralysis, diminished smell, and some degree of hear-
ing loss are common due to abnormal function. Almost 
all individuals have ear anomalies that include abnor-
mal shape of the external and internal structures. 21,31  

 Other defects, often referred to as minor defects, 
are nonspecifi c to CHARGE syndrome and may not be 
readily identifi able at birth. These include heart defects 
and cleft lip and palate. Over half of individuals dem-
onstrate hypogonadotropic hypogonadism of external 
genitalia resulting in delayed puberty. A tracheal esoph-
ageal (TE) fi stula may also exist. Facial features include 
asymmetry and a square shape. 21,31  

 Lab Values 
 As stated, in the fetus with an omphalocele there is an 
elevation of the maternal AFP. 16  

 Genetics 
 This syndrome is usually a male dominated, new muta-
tion 3  resulting from a short, nonfunctional protein pro-
duced by the CHD7 gene. 22,31  The remaining cases have 
no link to CHD7, 21  with some demonstrating a translo-
cation, deletion, or rearrangement on chromosome 8. 3,31  
This is inheritable from a parent, 21  with the severity in-
creasing in the offspring. 32  

 Sonographic Findings 
 Cardiac anomalies are the most likely fi nding to be seen 
in the prenatal period. Tetralogy of Fallot, double-outlet 

A B

 Figure 28-13 CHARGE (coloboma 
of the eye, heart defects, atresia 
of the choanae, retarded mental 
and growth development, genital 
anomalies, and ear anomalies) as-
sociation.  A:  An axial image of the 
fetal head at 19 weeks shows mild 
cerebral  ventricular dilation (11 mm). 
 B:  A follow-up exam at 36 weeks 
shows resolution of the ventricu-
lar dilatation and marked polyhy-
dramnios, nonvisible stomach, and 
growth restriction. At birth, the in-
fant was found to have the CHARGE 
association with choanal atresia, 
colobomas, and genital anomalies. 



 726 PART 2 — OBSTETRIC SONOGRAPHY

as ventricular septal defects, tetralogy of Fallot, and 
 coarctation of the aorta—along with renal anomalies, 
ureteropelvic junction obstruction, and multicystic dys-
plastic kidney—are occasional fi ndings (Fig. 28-14). 3,16,36  
A study by Monni et al. demonstrated a thickened nu-
chal lucency in an embryo that had a neonatal diagnosis 
of Goldenhar syndrome (Fig. 28-15). 38  

 Prognosis 
 Most structural abnormalities are surgically correctable; 
however, the severity may lead to respiratory and feed-
ing problems. 16  Affected individuals often suffer mental 
defi ciency 3  but have a normal life span. 35  

 HOLT-ORAM SYNDROME 

 Description 
 Also known as cardiac-limb syndrome, Holt-Oram syn-
drome (HOS) was fi rst described by Holt and Oram 
in 1960. It is characterized by anomalies of the upper 
limbs and the heart 21  and has an incidence of approxi-
mately 1 in 100,000 live births. 21  

 Lab Values 
 There are no known lab values diagnostic of HOS. 

 Genetics 
 HOS is an autosomal dominant mutation resulting from 
T-box (TBX) gene 3  on chromosome 12. 16,21  This gene, 
specifi cally TBX5, produces instructions for the creation 
of the T-box protein, which attaches to other genes aid-
ing in organ formation. 21  In embryogenesis the T-box 
proteins help in development of the upper limbs and 
heart through activation of genes that form these body 
parts. 21  Since this protein also helps form the conduction 
system of the heart, its absence results in the abnormal 
rhythms seen with the syndrome. 21  Transmission of this 
syndrome is 100%. 16  Most cases are new mutations. 21  

 Genetics 
 This syndrome has a sporadic pattern and the genetics 
are unknown, but there has been an association with 
mosaic trisomy 22 16  and it is thought to be a combina-
tion of multifactorial inheritance combined with envi-
ronmental factors. 35  

 Sonographic Findings 
 Facial anomalies such as asymmetry, cleft lip, cleft pal-
ate, and microphthalmia are frequent fi ndings. 3,16  Hemi-
vertebrae or scoliosis is common. Cardiac defects such 

 Figure 28-14 Color Doppler image demonstrating postductal co-
arctation of the aorta in a pediatric patient. (Image courtesy of Phil-
ips Medical Systems, Bothell, WA.) 

  PATHOLOGY BOX 28-3 

 Pathologic and Clinical Features of 
CHARGE Association 

 Growth Short stature 
  Growth delay 
 Central nervous system/ Dandy-Walker 
 neurologic  malformation 
  Holoprosencephaly 
  Mental retardation 
  Deafness 
 Cardiovascular Tetralogy of Fallot 
  Double-outlet right ventricle 
  Atrial septal defect 
 Craniofacial Choanal atresia/stenosis 
  Cleft lip/palate 
  Ear abnormalities, 
   deafness, abnormal 

auditory ossicles 
  Vestibular dysfunction 
  Temporal bone 
  malformation 
  Ocular abnormalities, 
  colobomas 
  Microcephaly 
  Micrognathia 
 Gastrointestinal Esophageal atresia/stenosis 
  TE fi stula 
  Anal atresia, stenosis 
  Omphalocele 
 Genitourinary Central hypogonadism 
  Cryptorchidism 
  Horseshoe kidney 
  Hydronephrosis 
 Hormonal Hypopituitarism 
  Hypothyroidism 
  Parathyroid hypoplasia 
  Growth hormone defi ciency 
 CHARGE, coloboma of the eye, heart defects, atresia of the 
choanae, retarded mental and growth development, genital and 
ear anomalies. 
 Reproduced with permission from McKusick VA, ed. Online Men-
delian inheritance in man. http://www.ncbi.nlm.nih.gov/omim/. 
McKusick-Nathans Institute for Genetic Medicine, Johns Hopkins 
University (Baltimore, MD) and National Center for Biotechnology 
Information, National Library of Medicine (Bethesda, MD), 2000. 

http://www.ncbi.nlm.nih.gov/omim/
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BA

C

E D
 Figure 28-15 Goldenhar syndrome.  A:  An axial view through the orbits shows unilateral anophthalmia.  B:  Coronal view of the face shows 
unilateral cleft lip/palate  (arrow).   C:  Transverse view of the face shows cleft  (arrow)  and ipsilateral abnormal ear  (curved arrow).   D:  Postmortem 
photograph confi rms the ultrasound fi ndings.  E:  A postnatal computed tomographic image of another infant with Goldenhar syndrome shows 
anopthalmia. 
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 LIMB-BODY WALL COMPLEX 

 Description 
 Limb-body wall complex (LBWC) is a collection of ven-
tral wall and limb defects. Two types of LBWC identi-
fi ed in the literature separate fetuses with and without 
craniofacial defects. Those with the defect demonstrate 
an encephalocele or exencephaly with a facial cleft and 
an adhesion of the amnion between the placenta and 
cranial defect. The second type demonstrates a short 
cord, intact amnion, and extra embryonic coelom per-
sistence, as well as urogenital malformations, anal atre-
sia, and a meningocele in the lumbosacral region. 39  

 These malformations depend on the time of preg-
nancy when the amnion ruptures and subsequent 
 attachment of the embryo occurs. If the rupture oc-
curs around 5 weeks, the embryo demonstrates an-
encephaly, asymmetric encephaloceles, and unique 
facial clefts, with the placenta attaching to the head 
and  abdomen. A rupture occurring a few weeks later 
results in limb reduction or limb abnormalities and 
thoraco-abdominal malformations such as scoliosis. 
At the end of the fi rst trimester and later, ruptures 
 involve the limbs, resulting in hypoplasias, malfor-
mations, and amputation. 40  Reported incidence varies 
widely from 1 in 7,000 to 1 in 42,000. 16,43  

 Lab Values 
 Elevated MSAPF is seen in the second trimester. 16  

 Genetics 
 This complex is sporadic with an unknown etiology 
and no known genetic correlation. 16  

 Sonographic Findings 
 The most common sonographic fi ndings are those affecting 
the upper extremities and the heart. Hand anomalies such 
as syndactyly (particularly between the thumb and index 
fi nger), clinodactyly, brachydactyly, and thumb anomalies 
are common. 3,21  The malformations may be asymmetric, 
with the left side more severely affected.  Defects of the 
radius, ulna, humerus, clavicle, scapula, and sternum 
may also be seen. Common observable cardiac anomalies 
 include atrial septal and ventricular septal defects, brady-
cardia, and fi brillation, though one-third may have other 
types of defects. 3,21  Occasional anomalies include hyper-
telorism, vertebral anomalies, and polydactyly. 

 Prognosis 
 The prognosis is dependent on the severity of the mal-
formation. 1  Individuals may be affected with cardiac 
conduction defects which may worsen with time. 3  

 PATHOLOGY BOX 28-5 

 Pathologic and Clinical Features of 
Holt-Oram Syndrome 

 Cardiovascular Atrial septal defect 
  Ventricular septal defect 
  Hypoplastic left heart syndrome 
 Thorax Absent pectoralis major muscle 
  Pectus excavatum or carinatum 
 Skeletal Vertebral anomalies 
  Thoracic scoliosis 
  Absent thumb 
  Bifi d thumb 
  Triphalangeal thumb 
  Carpal bone anomalies 
  Upper extremity phocomelia 
  Radial-ulnar anomalies 
  Asymmetric involvement 
 Hormonal Hypopituitarism 
  Hypothyroidism 
  Parathyroid hypoplasia 
  Growth hormone defi ciency 

   PATHOLOGY BOX 28-4 

 Pathologic and Clinical Features of 
Goldenhar Syndrome 

 Central nervous  Lipoma of the corpus callosum
 system/neurologic   Hydrocephalus 
 Cardiovascular Cardiac defects 
 Craniofacial Unilateral ear 
  abnormalities 
  Unilateral cleft lip/palate 
  Preauricular tags, sinuses 
  External auditory canal atresia 
  Microtia 
  Facial asymmetry, hemifacial
  microsomia 
  Epibulbar dermoid 
  Upper eyelid coloboma 
  Microphthalmos, anophthalmia 
  Macrostomia 
  Mandibular hypoplasia 
 Skeletal Vertebral anomalies 
  Acro-osteolysis of terminal 
  phalanges 
 Gastrointestinal Anal atresia 
  Situs abnormalities 
  Biliary atresia 
  Esophageal atresia 
  TE fi stula 
 Genitourinary Ectopic and or fused kidneys 
  Renal agenesis 
  Ureteropelvic junction 
  obstruction 
  Multicystic kidney 
 Reproduced with permission from McKusick VA, ed. Online 
Mendelian inheritance in man. http://www.ncbi.nlm.nih.gov/
omim/. McKusick-Nathans Institute for Genetic Medicine, Johns 
Hopkins University (Baltimore, MD) and National Center for Bio-
technology Information, National Library of Medicine (Bethesda, 
MD), 2000. 

http://www.ncbi.nlm.nih.gov/
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is a often seen as a result of inadequate urine production. 
Postaxial polydactyly may also be observed, as well as 
Dandy–Walker syndrome (Fig. 28-17). 16  

 Prognosis 
 Affected individuals seldom survive more than a few 
days because of renal malformations. 3,16  

 MONOSOMY X (TURNER OR XO SYNDROME) 

 Description 
 Turner syndrome, also known as monosomy X (45 
XO), results from the absence of one of the two sex 
chromosomes. 1,3  Although it is seen in 1 in 8,000 live 
births, 2  98% of monosomy X conceptions result in mis-
carriage 45 ; it accounts for 10% of all spontaneous abor-
tions. 3  Incidence is higher in individuals of Japanese 
descent. 3  The missing sex chromosome is more likely to 
be from the paternal contribution. Unlike Noonan syn-
drome, which has similar fi ndings, Turner syndrome 
only affects females. 

 Lab Values 
 Turner syndrome has been found associated with an 
elevated maternal  �  hCG and inhibin in the presence 
of nonimmune fetal hydrops. 3,16  In the absence of hy-
drops, estriol is markedly decreased and the AFP and 
inhibin are low. 16  

 Genetics 
 The cause of monosomy X is a sporadic event of a 
nondisjunction error occurring at gametogenesis. 3,16,21  
Three-quarters of the cases trace to the sperm due to 
a missing X chromosome resulting in a genetic pro-
fi le of one X, from the mother, and the O from the 
father. 2  Half of the Turner individual have a 45, X 
karyotype. 2  

 There has been a link to the SHOX or short-stat-
ure homeobox gene. The X chromosome carries the 
SHOX gene, with normal individuals having two 
SHOX genes, whereas a Turner has only one. This 
gene produces the SHOX protein and, with only one 

 Sonographic Findings 
 The fetus appears “stuck” or tethered to the placenta 
or uterus, with ventral wall defects, facial clefts, severe 
kyphoscoliosis, and limb anomalies (Fig. 28-16). 16,40  

 Prognosis 
 LBWC is lethal. 16,39  

 MECKEL-GRUBER SYNDROME 

 Description 
 Meckel-Gruber syndrome is rare and characterized by 
renal dysplasia, limb anomalies, and encephalocele. 16  It 
occurs in 0.07 to 0.7 in 10,000 births, except in Finland, 
where the reported incidence is 1.1 in 10,000. 3  There is 
a 1:1 ratio in males to females. 40  

 Lab Values 
 There are no specifi c lab values to identify this syn-
drome; however, the presence of an encephalocele or 
other spinal defect could result in a high AFP. 

 Genetics 
 This disorder has a link to multiple chromosomes and 
is autosomal recessive. 3,21,40  Chromosome 17q22 16  con-
tains the Meckel syndrome type 1 (MKS1) gene, which 
produces the protein required for primary cilium devel-
opment of the ciliated epithelial cells. 21  Defects of MKS1 
result in central nervous system anomalies, usually an 
encephalocele, cysts, and hepatic ductal dysplasia, plus 
polydactaly. 21  Other genes linked to this syndrome in-
clude CC2D2A, TMEM67, RPGRIP1L, and 11q. 16,21,40  

 Sonographic Findings 
 Enlarged, echogenic kidneys due to polycystic disease, 
polydactyly, and an occipital encephalocele  3  are the classic 
fi ndings of Meckel-Gruber syndrome. 16  Oligohydramnios 

 Figure 28-16 This sagittal image of a fetus with LBW complex 
demonstrates the tethering seen with this group of malformations. 
( Image courtesy of Philips Medical Systems, Bothell, WA.) 

PATHOLOGY BOX 28-6

 Pathologic and Clinical Features of Limb-body 
Wall Complex 

 Abdomen/chest Large ventral wall defect 
 Craniofacial Craniofacial anomalies 
 Skeletal Spinal dysraphism 
  Scoliosis 
  Limb defects 
 Environment Short or absent umbilical cord 
  Amniotic bands 
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A B

C D

 Figure 28-17 Meckel-Gruber syndrome. 
 A:  An axial view through the posterior 
fossa shows a small posterior cephalo-
cele  (arrow).   C , Dandy-Walker cyst.  B:  A 
longitudinal view of the abdomen shows 
an enlarged echogenic kidney  (arrows)  
with multiple cysts (c)  Sp,  spine.  C:  A 
postnatal magnetic resonance image of 
a similar case shows enlarged dysplastic 
kidneys.  D:  A postmortem photograph 
shows typical features, including posteri-
or cephalocele and postaxial polydactyly. 

gene, the Turner female has only half of the needed 
protein for development of normal height and skel-
eton (Fig. 28-18). 21,41  

 Sonographic Findings 
 The classic sonographic fi nding of Turner syndrome is 
a cystic hygroma (Fig. 28-19). 3  Renal anomalies  related 
to morphogenesis, such as horseshoe kidney, may also 
be seen, as well as heart defects, coarctation of aorta, 

hydrops, short c-spine, increased nuchal translucen-
cy, brachycephaly, hydramnios, and growth retarda-
tion. 1,3,16,21,41  

 Prognosis 
 In live-born affected individuals, the abnormalities are 
many and variable, such as growth and mental defi -
ciencies, congenital lymphedema, ovarian dysgenesis, 
and renal and cardiac malformations. 3  
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 Genetics 
 Noonan syndrome is an autosomal dominant 16   condition 
affecting males and females equally. This syndrome fol-
lows a sporadic occurrence because of mutations on 
chromosome 12. 3,42  

 Sonographic Findings 
 The fi nding of cystic hygroma 3,16  is similar to Turner 
syndrome; however, the identifi cation of male genitalia 
differentiates Noonan syndrome from Turner syndrome. 
Cardiac anomalies such as pulmonary valve stenosis, 
atrial septal defects, and ventricular septal defects are 
frequently seen. 3  Low set ears have also been reported 
(Fig. 28-20). 3  

 NOONAN SYNDROME 

 Description 
 Phenotypically, the Noonan individual demonstrates hy-
pertelorism, downward slanting eyes, and posteriorly ro-
tated and low-set ears. The short stature, neck webbing, 
and cardiac anomalies result in comparisons to Turner 
syndrome. 42  This developmental disorder results in a 
short individual with heart defects, skeletal malforma-
tions, bleeding problems, and eye abnormalities. Occur-
rence rate is between 1 in 1,000 and 1 in 2,500 births. 21,42  

 Lab Values 
 No lab values specifi c to Noonan syndrome have been 
identifi ed. 

BA
 Figure 28-18 Turner syndrome (45, X).  A:  Common features.  B:  Karyotype showing 45, X. 

 Figure 28-19 Sagittal plane through the head and torso of a Turner 
syndrome fetus demonstrates bilateral cystic hygromas  (arrows).  
These regress, resulting in the typical webbed appearance of the 
neck. (Image courtesy of Philips Medical Systems, Bothell, WA.) 

 Figure 28-20 An image taken on a coronal plane through the fetal 
head demonstrates a malformed low-set ear  (arrow).  (Image cour-
tesy of Philips Medical Systems, Bothell, WA.) 
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A B
 Figure 28-21 Gross pathology of neonatal autosomal recessive polycystic kidney disease (ARPKD). Left nephrectomy from a 10-week-old 
girl.  A:  The kidney is markedly enlarged (weight 745 g). Multiple small cysts are seen through the capsule. Lines of fetal kidney lobulation are 
apparent.  B:  The renal parenchyma is uniformly cystic, replaced by fusiform cysts that occupy the entire cortex and the medulla. (Courtesy 
Dr. Ashley Hill, Department of Pathology and  Immunology, Washington University, St. Louis, MO.) 

A B
 Figure 28-22 A cyst  (star)  located in the lower pole of the right kidney raises suspicion for ARPKD. (Image courtesy of Philips Medical Systems, 
Bothell, WA.) 

 Prognosis 
 The range of effects varies. Two-thirds of individuals 
have heart defects, and males are sterile because of 
cryptorchidism. 21  Developmental delays are  common. 16  

 POTTER SEQUENCE 

 Description 
 The pattern of malformations associated with Potter se-
quence traces its cause to oligiohydramnios, 13  which in 
turn traces its cause to any number of abnormalities. 
Oligohydramnios may be caused by renal anomalies 
(bilateral renal agenesis, multicystic dysplastic kidneys, 
genitourinary obstruction), amniotic leakage, or placen-
tal anomalies. The diminished amniotic fl uid volume im-
pairs normal development of fetal structures and results 

in deformities of the extremities, abnormal appearance of 
facial features (Potter’s facies), and pulmonary hypopla-
sia (Figs. 28-21–22). 2,48  A summary of the types and char-
acteristics of Potter sequence can be found in Table 28-1. 

 PTERYGIUM SYNDROME 

 Description 
 There are four forms of this syndrome, which may be 
lethal or nonlethal depending on the type.  17,18  This syn-
drome has a characteristic webbing, called pterygia, in 
the joints. 16  Neck webbing, often called pterygium colli, 
also occurs. 3,16  Arthrogryposis, the permanent fi xation 
of a joint in a contracted position, is a characteristic fea-
ture of all forms of pterygium syndrome. 16,18,21,65,66  These 
contractions result in decreased fetal movement. 18,21,65,66  
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PATHOLOGY BOX 28-7

Pterygium Syndrome 3,16,17,18,21,60,61

Incidence Lab Genetics Sonographic Findings Prognosis

Lethal multiple 
pterygium 
syndrome

Unknown None specifi c Mendelian disor-
der, autosomal 
recessive, 
X-linked genes; 
CHRND, CHR-
NA1, CHRNG, 
PIP5K1C, GLE1

First trimester; thickened nuchal 
lucency extending to the entire 
body, hydrops, cystic hygroma

Second trimester; multiple pte-
rygia, IUGR, polyhydramnios, 
craniofacial/ocular anoma-
lies, short forearms, pulmo-
nary hypoplasia, scoliosis, 
fractures, hypoplastic lungs, 
spinal fusion, low-set ears

Lethal

Multiple pterygi-
um syndrome 
(Escobar 
 syndrome/
nonlethal 
arthrogrypo-
sis multiplex 
congenita)

Unknown None specifi c Mendelian dis-
order, autoso-
mal recessive 
genes; IRF6, 
CHRND, CHR-
NA1, CHRNG, 
PIP5K1C, GLE1

Extremity contractures, pterygia, 
micrognathia, camptodactyly, 
syndactyly, rocker bottom feet, 
vertical clubfoot, abnormal 
genitalia, microcephaly, low-
set ears, cleft palate/lip, spinal 
fusion, ocular hypertelorism, 
diaphragmatic hernia

Normal 
 intelligence

Popliteal pteryg-
ium syndrome 
non-lethal type

1 in 
300,000

None specifi c Autosomal domi-
nant genes; 
IRF6, CHRNG

Cleft lip/palate, popliteal 
pterygium, missing teeth, 
syndactyly, malformed geni-
talia, spina bifi da occulta, 
clubfoot

Normal intelli-
gence, delayed 
language devel-
opment, learn-
ing disability

Popliteal pterygi-
um syndrome, 
lethal type

Unknown None specifi c Autosomal 
recessive IRF6, 
CHRNG

Popliteal pterygium, synos-
tosis, digital hypoplasia, 
syndactyly, cleft lip/palate, 
hypoplastic nose

Lethal

 TRIPLOIDY 

 Description 
 Triploidy is the presence of a complete extra set of chro-
mosomes. 1,21  The condition is thought to occur in 2% 
of conceptions and most result in miscarriage. 44  The 
incidence rate is 1 in 2,500 live births. 16  Only 3% of fe-
tuses affected with triploidy (specifi cally 69 XYY, XXX, 
or XXY) 45  survive. 

 Lab Values 
 First-trimester screening demonstrates an elevation in 
the MSAFP and hCG and low PAPP-A. 47  In the second 
trimester the hCG may be low due to small placenta,  44  
low estriol, with a low or normal AFP. 47  A central ner-
vous system or ventral wall defect would result in an 
increased AFP. 16  In the case of a partial mole, inhibin A 
values increase. 16  

 Genetics 
 Ninety percent of triploidy pregnancies are due to two 
sperm fertilizing one egg (diandry) or from an extra 
chromosome set from the mother (digyny) 16,44  Over half 
of triploidy fertilizations due to dual sperm result in a 
miscarriage, whereas maternal triploidy predominates 
in live births (Fig. 28-23). 44  

 Sonographic Findings 
 Affected embryos and fetuses demonstrate multiple anom-
alies depending on which parent provided the extra set 
of chromosomes. In the event of the extra chromosomes 
coming from the father, a large, hydropic placenta with a 
small symmetrical IUGR fetus is often seen. 16,44  The pla-
centa for this triploidy confi guration is considered a par-
tial hydatiform mole. 44  If the mother contributed the extra 
chromosomes, the opposite occurs: a fetus with asymmet-
ric IUGR and a small placenta. 16,45  In the fi rst trimester, 
nuchal thickening can be seen. 16  Structural anomalies 
frequently seen in a fetus with triploidy include hyper-
telorism, hydrocephalus, holoprosencephaly, microgna-
thia, syndactyly, clubfoot, atrial septal defects, adrenal 
hypoplasia, and ventricular septal defects (Fig. 28-24). 1,16,44  

 Prognosis 
 Rarely do neonates survive beyond the fi rst two 
months, 44  and none survive past the fi rst year. 47  

 TRISOMY 13 (PATAU SYNDROME) 

 Description 
 Trisomy 13 is a chromosomal condition that results in 
a pattern of malformations that cause a high rate of 
both intrauterine and neonatal death. 43  Patau syndrome 
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 Figure 28-24 Dilated ventricles indicate the presence of hydroceph-
alus. (Image courtesy of Philips Medical Systems, Bothell, WA.) 

BA
 Figure 28-23 Cells with an additional set of chromosomes are considered triploid, resulting in a chromosome count of 69. 

has a prevalence of 1 in 5,000 to 16,000 live births. 15,16  
Advanced maternal age increases the probability of this 
malformation occurring. 21  

 Lab Values 
 Maternal triple screening in the second trimester is not 
of benefi t; however, the quadruple screen does show 
some benefi t. An increase in the inhibin levels corre-
lates with the presence of trisomy 13. 16  The AFP in-
creases in the presence of a central nervous system or 
ventral wall  defect. 16  In the fi rst trimester the  �  hCG 
and PAPP-A are reduced. 16  

 Genetics 
 The extra set of chromosomes disrupt normal embry-
onic development, causing the characteristic malfor-
mations seen with trisomy 13. 21  This is a chromosomal 

 PATHOLOGY BOX 28-8 

 Typical Pathologic and Clinical Features 
of Triploidy 

 Growth Severe growth delay 
  Head-abdomen discordance with small
  abdominal circumference hypotonia 
 Central nervous  Holoprosencephaly 
  system/ Hydrocephalus 
  neurologic Agenesis of the corpus callosum 
  Myelomeningocele 
 Cardiovascular Cardiac defects 
 Craniofacial Microphthalmos 
  Hypertelorism 
  Colobomas 
  Facial asymmetry 
  Low-set, malformed ears 
  Cleft lip/palate 
  Micrognathia 
  Nuchal thickening/increased nuchal
  translucency/cystic hygroma 
 Skeletal Syndactyly, especially third and
  fourth digits 
  Clubfeet 
 Gastrointestinal Omphalocele 
  Umbilical hernia 
 Genitourinary Cystic dysplasia 
  Hydronephrosis 
  Renal hypoplasia 
  Adrenal hypoplasia 
  Hypospadias 
  Cryptorchidism 
Reproduced with permission from McKusick VA, ed. Online Men-
delian inheritance in man. http://www.ncbi.nlm.nih.gov/omim/. 
McKusick-Nathans Institute for Genetic Medicine, Johns Hopkins 
University (Baltimore, MD) and National Center for Biotechnology 
Information, National Library of Medicine (Bethesda, MD), 2000.

http://www.ncbi.nlm.nih.gov/omim/
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with the extra chromosome in some of his or her cells. 
The  presentation of clinical signs of this form of trisomy 
13  depends on which and how many cells have the 
 abnormal  number. (Fig. 28-25). 21  

 Sonographic Findings 
 Common fi ndings seen sonographically in individuals 
with Patau syndrome include cleft lip, cleft palate, ven-
tricular septal defects, holoprosencephaly, microceph-
aly, micrognathia, polydactyly, and single umbilical 
 artery 1,15,16,21  Other anomalies less frequently associated 
with Patau syndrome include omphalocele, syndactyly, 

anomaly of nondisjunction, mosaicism, or transloca-
tion resulting from an extra chromosome in the 13th 
set (trisomy 13). 16,21  The nondisjunction of the chromo-
somes occurs with meiosis and is a random, noninher-
itable event. 21  Translocation of the gene occurs early 
in embryonic development or during gamete produc-
tion, which results in an extra inheritable 13th chro-
mosome. A full translocation results in the full spec-
trum of malformations; however, it is possible to have 
a translocation. 21  The clinical presentation in these 
individuals depends on which portion of the chromo-
some translocates. A mosaic trisomy 13 is a person 

BA
 Figure 28-25 Trisomy 13.  A:  Common features.  B:  Karyotype showing trisomy 13. 

 Figure 28-26 Sonographic markers or subtle ab-
normalities of trisomy 13. This does not include ma-
jor abnormalities such as holoprosencephaly, cleft 
lip/palate, cardiac defects, and renal anomalies. 
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BA
 Figure 28-27 Trisomy 18.  A:  Common features.  B:  Karyotype showing trisomy 18. 

clubfoot (talipes), renal anomalies, agenesis of the 
corpus callosum, cerebellar hypoplasia, and meningo-
myelocele (Fig. 28-26). 1,16  In the fi rst trimester, nuchal 
thickening can be seen. 16  

 Prognosis 
 The median survival for Patau syndrome is two and a 
half days, and 82% of affected individuals die within 
the fi rst month of life. 15,21  

 TRISOMY 18 (EDWARD SYNDROME) 

 Description 
 Trisomy 18 was fi rst described in 1960. It occurs in 1 
in 3,000 conceptions and is seen in 1 in 5–8,000   live 
births,15,21 making it the second most common of the tri-
somies that carry to term. Affected individuals are pre-
dominantly female, demonstrating a 3:1 prevalence 16,21  
due to the higher mortality rate of male fetuses with 
trisomy 18. 16  Maternal age increases the chances of 
conceiving a child with trisomy 18. 21  

 Lab Values 
 Using any combination of markers (AFP, estriol, free  �  
hCG, free  �  hCG, estradiol, and human placental lactogen) 
results in a high detection rate. 16  The triple screen, which 
includes unconjugated estriol, hCG, and AFP, return with 
low values. 15,16  Inhibin A does not increase detection rates; 
however, it has been found that PAPP-A is one of the more 
discriminating tests for trisomy 18. 16  During the fi rst tri-
mester, free beta hCG and PAPP-A are reduced. 16  

 Genetics 
 Chromosomal anomaly of nondisjunction, mosaicism, 
translocation 16  occurs in a manner similar to trisomy 
13. 21  The noninheritable anomaly occurs during meio-

sis, whereas the inheritable form is due to translocation 
of the 18th chromosome (Fig. 28-27). 21  

 Sonographic Findings 
 A majority of affected fetuses demonstrate microgna-
thia and microcephaly. 21  In particular, a prominent oc-
ciput creates the appearance of a “strawberry”-shaped 
skull. Cardiac anomalies (atrial and  ventricular sep-
tal defects) and clenching of the hands are also seen 
in a majority of individuals. 1,21  Other frequent fi nd-
ings include cleft lip and cleft palate, syndactyly, 
omphalocele, rocker-bottom feet, clubfoot, renal 
anomalies, congenital diaphragmatic hernia, cerebel-
lar hypoplasia, and meningomyelocele. 1,16  Occasional 
fi ndings include hypertelorism and choroid plexus 
cysts. 1  The fi ndings of small for gestational age or 
IUGR is due to decreased analytes, suggesting pla-
cental hormone secretion and/or synthesis and hy-
dramnios (Fig. 28-28). 16  In the fi rst  trimester, nuchal 
thickening can be seen, greater than with trisomy 21 
(Fig. 28-29). 16  

 Prognosis 
 Outcomes are poor for affected individuals. The sur-
vival rate is low, with only 50% living to 2 months, 
and only 5% to 10% surviving 1 year. 16,21  The median 
lifespan is 5 to 15 days. 

 TRISOMY 21 (DOWN SYNDROME) 
 Description 
 The most common pattern of malformation in man, 43  
this syndrome was fi rst described by John Langdon 
Down in 1866. This chromosomal abnormality re-
sults in an individual with intellectual disabilities, 
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characteristic facial appearances, and neonatal hypo-
tonia. Approximately half of fetuses with trisomy 21 
have accompanying heart and gastric anomalies. 21  At-
tributed to the presence of an extra chromosome in the 
21st set, trisomy 21 is seen in approximately 1 in 800 
births, with an increase of incidence with advanced 
maternal age. 1,21  

 Figure 28-29 An 11-week fetus demonstrating an abnormally thick 
nuchal lucency  (arrow)  and an umbilical cord cyst  (open arrow).  (Im-
age courtesy of Philips Medical Systems, Bothell, WA.) 

 Lab Values 
 There is no one test that identifi es a trisomy 21 fetus. 
The highest detection rates occur with a combina-
tion of laboratory tests and sonography. Unconju-
gated estriol, PAPP-A, and AFP are known to be low, 
whereas hCG and inhibin A show elevated values 
(Table 28-2). 16  

 Genetics 
 Maternal nondisjunction accounts for 95% of cases, 
with an increasing incidence with increasing maternal 
age. The remainder are the result of mosaicism (2%) or 
translocation (3%). 16,21  Trisomy 21 usually is a random 
event and cannot be inherited in the classic and mosaic 
form. If the syndrome is due to a translocation, the in-
dividual may not show signs but has an increased risk 
of having children with Down syndrome (Fig. 28-30). 21  

 Sonographic Findings 
 Down syndrome has been extensively studied so-
nographically. There are several strategies for using 
 sonography to evaluate and score the fi ndings associ-
ated with Down syndrome, with the aim of achieving a 
sonographic diagnosis of the condition (Fig. 28-31). The 
common structural defects and soft sonographic mark-
ers associated with aneuploidy are listed in  Table 28-3. 

 Figure 28-28 Sonographic markers or subtle abnor-
malities of trisomy 18. This does not include major 
abnormalities such as cardiac defects, cystic hygro-
ma, radial aplasia, spina bifi da, esophageal atresia, 
or cerebellar anomalies. 
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 Prognosis 
 Most affected individuals have varying degrees of men-
tal defi ciency and hypotonia. 16,21  Mortality is often as-
sociated with cardiac defects. The median life span for 
affected individuals is 49 years. 

 VATER/VACTERL ASSOCIATION 

 Description 
 VATER association is a collection of anomalies that in-
clude vertebral defects, anal atresia, tracheoesophageal 
(TE) fi stula, and renal anomalies. 16  The current term, 
VACTERL, includes vertebral defects, anorectal atresia, 

Figure 28-30 A: Common features of trisomy 21. B: Karyotype showing trisomy 21.

BA

TABLE 28-2

Analyte and Sonographic Markers in the Most Common Aneuploidies in the Second Trimester1,16,47,52–59

 hCG/�     
Anomaly hCG AFP uE3 Inhibin A PAPP-A NT

Trisomy 21 ↑ ↓ ↓ ↑ ↓ ↑
Trisomy 18 ↓ ↓ ↓ Normal ↓ ↑
Trisomy 13 Normal Small ↑ Normal Normal ↓ ↑
Turner syndrome ↑ with hydrops Small ↓ Small ↓ ↓ ↓ ↑
Other sex Normal or ↑ Normal or ↑ Normal NA NA ↑
 aneuploidies      
Triploidy Type 1 ↑ Normal or ↑ ↓ ↓ Mildly ↓ ↑
Triploidy Type 2 ↓ ↓ ↓ NA ↓ Normal

HCG, Human chorionic gonadotropin; AFP, alpha-fetoprotein; uE3, Unconjugated estriol; PAPP-A, pregnancy-associated plasma protein A; 
NT, nuchal translucency; NA, not available

↑ – increased
↓ – decreased

cardiac anomalies, TE fi stula, and renal and limb 
anomalies. 16  Both terms are used, demonstrating the 
diffi culty in defi ning this group of malformations. The 
pattern of anomalies may occur in an otherwise normal 
child, or they may be seen in individuals affected by a 
chromosomal abnormality. This uncommon defect has 
an unknown incidence (Fig. 28-32). 16  

 Lab Values 
 There is no one specifi c lab test that would identify a 
fetus with VATER/VACTERL association. An occipital 
encephalocele or open spinal defect would result in an 
elevated AFP. 
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PATHOLOGY BOX 28-9

Pathologic and Clinical Features of VATER/ 
VACTERL Syndrome

Growth Growth Delay

Central nervous Spinal dysraphia
system/neurologic Occipital encephalocele
 Hydrocephalus
Cardiovascular Ventricular septal defect
 Patent ductus arteriosus
 Tetralogy of Fallot
 Transposition of the great arteries
 Single umbilical artery
Craniofacial Cleft lip/palate
Respiratory/chest Choanal atresia
 Laryngeal stenosis
 Tracheal agenesis
 Rib anomalies
 Sternal anomalies
Skeletal Vertebral anomalies
 Scoliosis
 Radial aplasia
 Radial hypoplasia
 Radioulnar synostosis
 Preaxial polydactyly
  Vertebral abnormalities

 (fusion, hemivertebrae)
 Absent or hypoplastic thumbs
 Syndactyly
 Triphalangeal thumb
Gastrointestinal TE fi stula
 Esophageal atresia
 Anal atresia
Genitourinary Hypospadias
 Renal aplasia
 Renal dysplasia
 Hydronephrosis
 Renal ectopia
 Vesicoureteral refl ux
 Ureteropelvic junction obstruction
 Persistent urachus
VACTERL, vertebral anomalies, anorectal atresia, cardiac 
 anomalies, TE fi stula, renal and limb anomalies; VATER, 
 vertebral defects, anal atresia, TE fi stula, and renal anomalies.
Reproduced with permission from McKusick VA, ed. Online Men-
delian inheritance in man. http://www.ncbi.nlm.nih.gov/omim/. 
 McKusick-Nathans Institute for Genetic Medicine, Johns Hopkins 
University (Baltimore, MD) and National Center for  Biotechnology 
Information, National Library of Medicine (Bethesda, MD), 2000.

TABLE 28-3

Trisomy 21 Findings1,15,16,47,50

Structural Defects Soft Markers

Brain/Head/Neck

Ventriculomegaly
Holoprosencephaly
Hyper/hypotelorism
Cleft palate/lip
Micrognathia
Low-set ears
Small ear
Macroglossia
Cystic hygroma
Microcephaly
Dysgenesis of the corpus callosum
Shortened frontal lobe

Heart

Ventricular septal defect Echogenic cardiac focus
Atrioventricular canal defect
Endocardial cushion defect
Hypoplastic left heart syndrome
Tetralogy of Fallot

Abdomen

Third trimester esophageal Echogenic bowel renal
 and duodenal atresias  pyelectasis �4
Small bowel obstruction
Diaphragmatic hernia
Omphalocele
Hydronephrosis
Renal agenesis
Dysplastic renal disease
Widened pelvic angle

Musculoskeletal

Clinodactyly Short femur or humerus
Syndactyly
Radial ray aplasia
Clubfoot
Rocker bottom foot
Clenched fi st
Widened sandal gap

Other

IUGR Single umbilical artery
Hydrops   and vein (two vessel 

cord)

Choroid plexus cysts 
Nuchal fold thickening
Hypoplastic or absent 
nasal bone

 Genetics 
 Though no specifi c causative gene has been identi-
fi ed, this association is thought to be X-linked and 
autosomal-recessive. 3  The multiple birth defects are 
most likely due to environmental causes such as pro-
gesterone-estrogen, BCP 2 , lead exposure, and maternal 
 diabetes. 2,16  

 Sonographic Findings 
 The sonographically identifi able fi ndings of VATER as-
sociation include vertebral defects (hemivertebrae, spi-
nal dysraphism), TE fi stula, esophageal and anal atresia, 
cardiac anomalies, radius and thumb abnormalities, limb 
dysplasia, preaxial polydactyly, and  renal anomalies. 3,16  
Affected individuals may also have growth defi ciencies. 

http://www.ncbi.nlm.nih.gov/omim/
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Figure 28-32 The VACTERL association: vertebral 
anomalies, anal atresia, cardiac defects, TE fi stula, 
renal and limb anomalies.

Figure 28-31 Common sonographic markers of 
trisomy 21. This does not include major structural 
defects such as cardiac defects, cystic hygroma, or 
duodenal atresia.
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 • Meiosis results in two cells with half the normal 
 haploid number of chromosomes (23X or 23Y). 

 • Chromosomal anomalies may be due to deletion, in-
sertion, inversion, or translocation. 

 • A genetic trait inherited in the presence of a gene, 
regardless of sex, is an autosomal dominant trait. 

 • A genetic trait expressed in an individual requiring 
two genes is considered autosomal recessive. 

 • When a mother carries a gene that expresses it-
self in a male child, this is considered an X-linked 
 chromosome. 

 • Prenatal testing for detection of fetal abnormalities 
is done through a combination of the triple screen, 
quadruple screen, and ultrasound. 

 Prognosis 
 The severity and type of malformations determine 
each individual’s prognosis. 16  The majority of affect-
ed individuals do well with surgical correction and 
 rehabilitation. 

 SUMMARY 
 • Fetal anomaly classifi cation is made through the use 

of a syndrome, association, or sequence. 

 • Malformation, deformation, disruption, and dyspla-
sia describe how an anomaly infl uences a fetus’s 
morphologic form. 

 • Mitosis results in two cells with the normal haploid 
number of chromosomes (46XX or 46XY). 

  1. During a routine 10-week size and dates, the nuchal 
lucency measures larger than expected. With this 
fi nding, what additional images should the sonog-
rapher obtain? List the possible differentials for this 
fi nding. 
ANSWER: Although increased nuchal translucency 
is often tied to trisomy 21 (Down syndrome), it is 
also associated with trisomy 13 (Patau syndrome), 
trisomy 18 (Edwards syndrome), and monosomy X 
(Turner syndrome). During the fi rst trimester, many 
of the accompanying malformations may not be im-
aged. It may be possible to image brain anomalies 
(holoprosencephaly) or a spinal defect (myelomenin-
gocele). The identifi cation of an omphalocele may 
be diffi cult because of the normal physiologic hernia 
seen at this stage of gestation. Care must be taken 
to ensure that the normal anechoic rhombencepha-
lon is not confused with a brain malformation. For 
an explanation of normal fi rst-trimester embryonic 
anatomy and a description on how to perform the 
nuchal lucency measurement, refer to Chapter 13, 
The Use of Ultrasound in the First Trimester.

  2. A patient has a second-trimester examination sched-
uled for an abnormal triple screen. She does not 
remember which values came back abnormal. What 
is the most common reason for abnormal analyte 
results? Explain the signifi cance of a high or low 
value for triple and quadruple screening. How does 
the pairing of analyte testing and sonography aid in 
diagnosis of fetal anomalies? 
ANSWER: The most common reason for an abnormal 
triple or quadruple screening is incorrect dates. A 
screening test evaluates the patient’s risk of a disease 
or condition compared to a given population. In 
pregnancy biochemical tests (MSAFP, hCG, PAAP-A, 
unconjugated estriol, and inhibin A) are used as is 
sonography (NT measurements). A diagnostic test 
is used to identify the disease or condition present, 
with each group of anomalies resulting in either a 
low or high value. For a summary of triple screen 

Critical Thinking Questions
test results, refer to Table 28-3. Sonography can iden-
tify structural abnormalities with a high degree of 
accuracy and can also identify certain chromosomal 
conditions with a high degree of confi dence.

  3. A patient had a routine size and dates sonographic 
exam at 18 weeks. At that time, several fetal struc-
tures were not imaged well, including the fetal kid-
neys. The imaged anatomy, placental location, and 
fl uid level appeared normal for the gestational age. 
The follow-up exam, done at 30 weeks, revealed the 
absence of kidneys, a male fetus, oligohydramnios, 
and lack of renal artery fl ow. The fetal profi le and 
face images appeared abnormal. Identify the type of 
malformation. Explain why the fl uid level appeared 
normal in the fi rst trimester and the follow-up exam 
demonstrated oligohydramnios. 
ANSWER: Fetal kidneys begin development early in 
embryonic life. By the end of the fi rst trimester, at ap-
proximately 9 weeks, the kidneys begin urine forma-
tion. This continues throughout fetal life, becoming 
the primary source of amniotic fl uid after 16 weeks 
of gestation. In the fi rst trimester, fetal functions add 
little to the amniotic volume within the amnion. This 
is evidenced in the failed pregnancy when we fail to 
image an embryo. At this stage, the fl uid within the 
sac is due to production by the placenta. At approxi-
mately 4 months, the fetal skin keratinizes, ending the 
permeable barrier that allows exchange of amniotic 
fl uid into and out of the fetus via diffusion. In the 
second half of a pregnancy, the primary sources of 
amniotic fl uid are the fetal kidneys and lungs. This is 
an example of a classic case of Potter’s sequence.

 For a description of development of normal kid-
neys, refer to Chapter 2, Embryonic Development 
of the Female Genital System. For the normal sono-
graphic appearance of fetal kidneys, refer to Chapter 
20, Ultrasound of the Normal Fetal Chest, Abdomen, 
and Pelvis. An explanation of amniotic fl uid produc-
tion by the placenta can be found in Chapter 17, The 
Fetal Environment. 
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GLOSSARY

 Cytomegalovirus (CMV) Any of a group of herpes-
viruses that enlarge epithelial cells and can cause birth 
defects; can affect humans with impaired immunological 
systems 

 Diabetes mellitus Diabetes caused by a relative or 
absolute defi ciency of insulin and characterized by 
polyuria 

 Eclampsia Coma and seizures in second and third 
trimester following pre-eclampsia 

 Epstein-Barr virus Herpesvirus that causes infectious 
mononucleosis 

 Essential hypertension Maternal high blood pressure 
that was diagnosed prior to pregnancy 

 Germ line Ovum or sperm (germ cells) that has genetic 
material that passes to offspring 

 Gestational diabetes (aka gestational diabetes 
 mellitus, GDM) Condition in which women  without 
previously diagnosed diabetes exhibit high blood 
 glucose levels during pregnancy 

 Human immunodefi ciency virus (HIV) Human immu-
nodefi ciency virus that progresses into AIDS (Acquired 
Immune Defi ciency Syndrome)  

 Hyperparathyroidism Excessive secretion of parathy-
roid hormone resulting in abnormally high levels of cal-
cium in the blood; can affect many systems of the body 
(especially causing bone resorption and  osteoporosis) 

 Hyperthyroidism Overactive thyroid gland; pathologically 
excessive production of thyroid hormones or the condition 
resulting from excessive production of thyroid hormones 

 Hypothyroidism Underactive thyroid gland; a glandular 
disorder resulting from insuffi cient production of thyroid 
hormones 

 Infl uenza Acute febrile highly contagious viral disease 

 Intrauterine growth restriction (IUGR) Usually, fetal 
weight below the tenth percentile for a given  gestational age 

 Nonimmune hydrops Accumulation of fl uid in fetal 
tissues in the form of ascites, pleural fl uid, and skin 
edema resulting from factors other than a fetomaternal 
blood group incompatibility 

 Parvovirus B-19 Erythema infectiosum or fi fth disease; 
spread via the upper respiratory tract, this virus affects 
children more strongly than adults 

 Phenylketonuria Genetic disorder of metabolism; 
lack of the enzyme needed to turn phenylalanine into 
tyrosine, which results in an accumulation of phenylala-
nine in the body fl uids, which causes various degrees of 
mental defi ciency 

 Pinocytosis A mechanism by which cells ingest extra-
cellular fl uid contents 

 Rh isoimmunization Development of immunities 
to  Rh-positive blood antigens from a fetus by an 
 RH- negative woman 
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of the umbilical fl ow velocity and, less frequently, the 
uterine artery. The systolic-to-distolic (S/D) ratio calcu-
lation allows for a quantitative value indicating  either a 
normal or abnormal state (Fig. 29-2). 5  Doppler  velocity 
waveform monitoring of the umbilical artery is a use-
ful indicator of fetal well-being. Normally, as preg-
nancy progresses, diastolic fl ow increases, representing 
 reduced resistance to fl ow. Premature rupture of mem-
branes (PROM), toxemia, IUGR, sickle cell disease, and 
diabetes mellitus result in a high S/D ratio, indicating 
increased vascular resistance. 3,6,7  

 In this chapter, we discuss some of the more com-
monly encountered maternal diseases and conditions 
that adversely affect fetal outcome. These include 
 infectious disease, endocrine and metabolic disorders, 
 hematologic disorders, toxemia, drug addiction, and 
malnutrition. Included is a discussion of the specifi c 
role of sonography in these various situations. 

 INFECTIONS 
 Fetal infection from maternal disease occurs any time 
during gestation, resulting in a variety of clinical out-
comes. Maternal infection, even before conception, 
may also have an adverse effect on future pregnancies. 

 The extent of fetal damage depends on several fac-
tors, such as agent virulence and transmission route. 
The gestational age is also of major importance, as 
the development stage determines fetal susceptibil-
ity to the teratogen. Organogenesis occurs during the 
fi rst trimester, making the fetus susceptible to malfor-
mations, but infection can occur before conception, 
before implantation, after implantation, and in the 
 puerperium. 8  

 Infection before conception has been studied in 
mouse systems by researchers using retroviruses.  Results 
 demonstrated that viruses can infect the  embryo, inte-
grate into the germ line, and cause disease in future 
 generations. 

 Maternal reproductive tract infections occur before 
and during pregnancy. The genital tract and circulation 
provide the transmission routes. The zona pellucida 

 Maternal disease places a pregnancy at risk because 
of the possibility of early zygote or embryonic destruc-
tion or the development of major malformations and 
fetal death. The mechanisms through which maternal 
 diseases affect the fetus vary; however, it has been 
clearly established that the placenta plays a crucial role 
in preventing or facilitating the transmission process. 1,2  

 The major physiologic function of the placenta is to 
exchange gas, nutrients, and waste products between 
the maternal and fetal circulations. Various methods 
help complete this process, including diffusion, active 
transport, and pinocytosis. For example, blood gases 
move or diffuse speedily and easily across the placenta 
from  maternal to fetal circulation, but larger molecules, 
such as carbohydrates, must be assisted or actively 
transported across the placental membranes. Some 
substances, usually larger molecules, cannot cross the 
 placenta and are thus effectively barred from entering 
the fetal circulation by the “placental barrier.” This 
 barrier prevents the mixing of the maternal and fetal 
circulations. Nevertheless, a variety of substances and 
agents move across this barrier, harming the developing 
fetus. Examples include infectious agents, drugs, and 
antibodies. 

 Indirect harm occurs to a fetus through placental 
injury caused by maternal diseases. Maternal vascular 
disease, such as hypertension, decreases uteroplacental 
blood fl ow, compromising placental nutrient function. 
Intrauterine growth restriction (IUGR) is a common 
fi nding with uteroplacental compromise. 

 Sonography has a valuable role in evaluating preg-
nancies complicated by maternal disease through  fetal 
screening for malformations and IUGR. In addition, 
sonography allows assessment of placental maturation 
and amniotic fl uid volume, and it provides pregnan-
cy dating for cesarean section planning. In  diagnostic 
procedures such as amniocentesis and percutaneous 
umbilical blood sampling (PUBS) of the umbilical 
vein, ultrasound allows for real-time needle guidance 
(Fig. 29-1). 3,4  

   Doppler imaging provides information about fetopla-
cental circulation. Evaluation is through measurement 

 Thrombophilias Thrombophilia or hypercoagulability 
is the propensity to develop thrombosis (blood clots) 
because of a coagulation abnormality 

 TORCH includes  t oxoplasmosis,  o ther viruses (syphilis, 
varicella-zoster, parvovirus B19),  r ubella,  c ytomegalovi-
rus, and  h erpes infections 

 Toxemia (aka pre-eclampsia) Abnormal condition of 
pregnancy characterized by hypertension, edema, and 
protein in the urine 

 Toxoplasmosis Parasitic infection transmitted to humans 
from undercooked meat or contact with cat feces 

 Varicella-zoster infection Chickenpox infection 

 Rubella (aka German measles) Contagious viral 
disease that is a milder form of measles lasting 3 or 
4 days 

 Sickle cell anemia Congenital form of anemia occur-
ring mostly in blacks; characterized by crescent-shaped 
blood cells 

 Systemic lupus erythematosus Infl ammatory disease 
of connective tissue with variable features including fe-
ver, weakness, fatigability, joint pains, and skin lesions 
on the face, neck, or arms 

 Thalassemia Inherited form of anemia caused by faulty 
synthesis of hemoglobin 
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 Figure 29-1 Percutaneous umbilical blood sampling through an 
anterior placenta.  A:  The umbilical vein (UV) is seen at its inser-
tion into the placenta (PL).  B:  Color Doppler demonstrates blood 
fl ow within the umbilical vein  (arrow) .  C:  A needle  (arrows)  tra-
verses the placenta, and its tip is situated in the umbilical vein. 

prevents the majority of teratogens from damaging the 
zygote or embryo. 

 Infection after implantation, particularly during 
organogenesis, accounts for the largest number of 
 adverse fetal effects. The disruption of normal develop-
ment at this stage leads to serious fetal abnormalities. 
Maternal infections result in viremia, bacteremia, or 
parasitemia, which then spread to the placenta through 
a hematogenous route. Organisms cross the placenta, 
enter the  fetal circulation, and spread throughout the 
fetus’s body.  Fetal harm occurs as these agents destroy 
parenchymal cells and blood vessels. Growth patterns 
change and autoimmune responses occur because 

of replication in fetal tissue. Maternal immunization 
 reduces fetal  damage. 

 VIRAL INFECTION 

 The majority of women of childbearing age in the United 
States show serologic evidence of past varicella-zoster 
(chickenpox) infection. Three outcomes have been de-
scribed in pregnancies infected with the varicella virus: 
congenital abnormalities, postnatal newborn disease 
ranging from benign to fatal, and zoster (shingles), which 
may appear months or years after birth. 9   Congenital ab-
normalities, identifi ed as early as 1947, include IUGR, 



 748 PART 2 — OBSTETRIC SONOGRAPHY

A B
 Figure 29-2 Diminished umbilical artery diastolic fl ow:  (A)  Spectral Doppler of the umbilical artery in a 35-week fetus demonstrates  diminished 
diastolic fl ow  (arrows)  with an elevated systolic/diastolic (S/D) ratio of 3.5.  B:  Umbilical artery Doppler of another 35-week fetus demonstrates 
elevated S/D ratio of 3.76 because of diminished diastolic fl ow. 

limb aplasia, microphthalmia, and brain calcifi cations. 3  
Viral transmission to the fetus during weeks 8 to 20 re-
sult in the observation of these anomalies. 

  A common childhood viral infection, Epstein-Barr 
 virus (EBV), does not occur often during pregnancy. 
In one study, only 7 of more than 10,000 pregnant 
 women tested positive. 10,11  EBV infection, which causes 
mononucleosis, has been linked to spontaneous abor-
tions, stillbirths, low-birth-weight infants, congenital 
heart anomalies, and microphthalmia (Fig. 29-3). 11–13  
 Questions continue in relation to the validity of these 
associations, requiring further research to determine 
the extent of the correlation between EBV and fetal 
 congenital abnormalities. Some studies suggest that 
EBV does not represent a major teratogenic assault on 
the fetus. 11  

  The evidence linking infl uenza virus to adver-
se pregnancy outcome has been inconsistent. Early 
reports of congenital malformation of the heart and 
central nervous system 59  remain unsupported by later 
studies. The indirect teratogenic effect of maternal 
infl uenza infection during pregnancy may be less-
ened by the use of appropriate medications to allevi-
ate the accompanied symptoms, such as high body 
 temperature. 

 Most cases of human immunodefi ciency virus (HIV) 
(the agent of acquired immunodefi ciency syndrome) 
 infection in children result from transmission from 
mother to infant, which occurs near or at parturition. 
Factors affecting this transmission include the total 
number of maternal HIV particles, the effectiveness of 
the maternal and fetal immune response, and the integ-
rity of the placental barrier. 15  In utero, effects of HIV on 

the fetus may lead to prematurity, IUGR, hepatomegaly, 
and lymphadenopathy. 8,16  

 BACTERIAL INFECTION 

 Gonorrhea has been reported by Handsfi eld and col-
leagues 38  as a cause of increased prematurity, prolonged 
rupture of fetal membranes, chorioamnionitis, sepsis, 

 Figure 29-3 Microphthalimia. Axial image of the head at the level of 
the eyes demonstrates very small orbits  (arrows) . 
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and IUGR. Gonococcal infections in neonates can  result 
in meningitis and arthritis. Syphilis and gonorrhea can 
be treated successfully with penicillin or with other 
 antibiotics in the allergic patient. 18  

 Lyme disease, transmitted by deerborne ticks, has 
become a cause of increasing concern in the northeast 
United States. There has also been a heightened aware-
ness of the risk of contracting this infection elsewhere 
in the United States and in Europe. One large investi-
gation has neither ruled out nor been able to discover 
specifi c abnormalities associated with an untreated 
 infection. 19  

 Urinary tract infections (UTIs) represent a com-
mon medical complication of pregnancy. Improper 
management results in adverse effects to both moth-
er and  fetus. UTIs include asymptomatic bacteriuria, 
acute cystitis, and acute pyelonephritis. Asymp-
tomatic bacterial infection has been implicated as a 
cause in premature delivery and low birth weight, 
although some studies do not support this fi nding. 20  
Pyelonephritis in pregnancy has been associated with 
low birth weight, increased perinatal mortality, ane-
mia, toxemia, and premature rupture of membranes 
(PROM). 9  Mental and motor  development of children 
of pyelonephrotic mothers has been found to be im-
paired. Patients with UTIs during pregnancy should 
be treated with antibiotics and monitored by frequent 
urine cultures. 

 PARASITIC INFECTION 

 Parasitic infection during pregnancy may not always 
pose a risk to the fetus or mother. Several factors 
 determine the clinical manifestations of parasitic dis-
ease: the life cycle in the human host, the quantity 
and location of the parasite, and the host-parasite in-
teraction. Fetal threat occurs when parasites penetrate 
and invade the host’s viscera. These organisms may 
directly penetrate and infect the uterus and placenta 
or infect the fetus through fetomaternal circulation. 
Moreover, they are clearly a threat to both mother 
and fetus if they multiply within the human host. Two 
common human parasitic diseases include toxoplas-
mosis and malaria. 

 The incidence of congenital malaria increases in im-
mune mothers residing in areas with a high incidence 
of the disease. 21  Maternal malaria promotes placental 
insuffi ciency, causing IUGR, low birth weight, abortion, 
and stillbirth. 21  Antiparasitic drug therapy successfully 
manages toxoplasmosis and malaria  infections dur-
ing pregnancy, but some medications are potential 
 teratogens. 

 TORCH 

 Perinatal infections account for 2% to 3% of all congen-
ital anomalies. 22  TORCH includes some of the common 
maternal infections associated with fetal congenital 

anomalies, such as toxoplasmosis, other viruses (syphi-
lis, varicella-zoster, parvovirus B19), rubella, cyto-
megalovirus (CMV), and herpes. Nonimmune hydrops 
and/or intracranial calcifi cations also raise concern for 
 congenital anomalies (Fig. 29-4). 

   Toxoplasmosis is a parasitic infection that is typi-
cally transmitted through undercooked or raw meat 
(lamb or pork) that is contaminated with cysts or 
through food or contaminated water. The obstetrical 
patient is to be advised not to handle cat litter during 
the pregnancy because of the risk of contracting the 
parasite. In the  United States, the incidence of con-
genital toxoplasmosis is  approximately 1 per 1,000 
live births. 23  

 The obstetrical patient is typically asymptomatic; 
however, 15% to 17% of maternal infection in the 
fi rst trimester (7th to 14th week) results in transmis-
sion hematogenously via the placenta to the fetus and 
may cause anomalies. Of the 15% to 17% infected, 
only 10% have a severe infection. The severe infec-
tion presents as central nervous symptom anoma-
lies (such as hydrocephalus, microcephaly, intracra-
nial calcifi cations, seizures, and mental retardation), 
 ascites, and hepatosplenomegaly in the fetus and neo-
nate. Toxoplasmosis occurring early in pregnancy is 
less  frequently transmitted to the fetus than is infec-
tion acquired during the last trimester. In early preg-
nancy, the small placenta usually protects the fetus 
from parasites. In late pregnancy, this barrier is not 
as effective, owing to the  expanded maternoplacen-
tal  interface and the  aging placenta.  Fetal effects are 
 usually devastating. 

 The “others” in TORCH represents syphilis, varicella-
zoster, and parvovirus B19. Infections with syphilis early 
in pregnancy may result in spontaneous abortion. Con-
genital disease due to later exposure increases the risk of 
stillbirths and neonatal mortality. Late-pregnancy syphi-
lis infection may not show clinical signs of congenital 
syphilis for 2 to 4 weeks. 9  Hepatosplenomegaly, hyper-
bilirubinemia, evidence of hemolysis, and generalized 
lymphadenopathy characterize syphilis infection in the 
neonate. 

 Fetal contamination with the maternal chickenpox 
infection results in fetal varicella-zoster. Maternal 
 infection at any time in the pregnancy exposes the 
 fetus to a high risk of placental transmission. The risk 
for fetal anomalies, however, is at its highest in the 
fi rst and second trimesters. Third-trimester exposure 
has a greater risk for varicella-zoster development 
during the neonatal period. Sonographic evidence of 
contamination of the varicella-zoster virus includes 
fetal demise, IUGR, abnormal positions of the hands 
and limbs, nonimmune hydrops, polyhydramnios, 
microcephaly, ventriculomegaly, and hyperechogenic 
 hepatic foci (Fig. 29-5). 

   The development of an acute parvovirus B19, or 
fi fth disease, infection during pregnancy can cause 
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 Figure 29-4 TORCH infections. Fetuses infected in the fi rst trimester by 
 Toxoplasma,  rubella, cytomegalovirus, herpesvirus, or other microbes have 
similar clinical fi ndings as those illustrated in this  fi gure. 

pregnancy complications ranging from early preg-
nancy loss to nonimmune hydrops. Over 95% of fetal 
complications (fetal hydrops and death) occur within 
12 weeks following acute parvovirus B19 (B19) in-
fection in pregnancy. 24  Infection with parvovirus 
B19, which is different than the one that infects cats 
and dogs, can cause several serious complications in 
the fetus, such as fetal anemia, neurologic anoma-
lies, nonimmune fetal hydrops (hydrops fetalis), 
and fetal death. Prevention of fetal complications is 
through early diagnosis and treatment. In the event of 
 maternal infection, an anatomic survey and measure-
ment of the peak systolic fl ow velocity of the middle 
 cerebral artery are sensitive noninvasive procedures 
to diagnose fetal anemia and nonimmune hydrops 
(Fig. 29-6). 25  

 Rubella (aka German or three-day measles) was one 
of the fi rst recognized maternal infections that resulted 
in fetal anomalies. 26  Occurring in 3% to 5% of pregnan-
cies, rubella causes malformations with fi rst-trimester 
exposure. 26  The syndrome consists of cataracts, cardiac 
defects, and deafness. 10  Earlier  exposure to the rubella 
virus increases the severity of the congenital defects. 8  

 Figure 29-5 Varicella. A transverse view of the abdomen at 24 weeks 
demonstrates multiple hyperechoic foci within the liver  (arrows) . 
A small rim of ascites is also evident. Maternal infection occurred at 
16 weeks. (Reproduced with permission from Pretorius DH, Hayward 
I, Jones KL, et al. Sonographic evaluation of pregnancies with mater-
nal varicella infection.  J Ultrasound Med . 1992;11:459–463.) 
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 Sonography plays a unique role in the assessment of 
fetal growth and well-being during maternal infection. 
Fetal growth assessment allows for the comparison of 
head and abdominal size along with sequential study 
of the fetal growth. Diagnosis of IUGR occurs with fetal 
weight below the tenth percentile for gestational age. 
However, through sequential assessments, the fetal 
well-being can be assessed by comparing the estimat-
ed fetal weight. A combination of a sloped forehead 
and an abnormal cephalic index help diagnose micro-
cephaly. Assessment of the amniotic fl uid by estimation 
and/or amniotic fl uid index (AFI) provides information 
concerning the amount of amniotic fl uid. Polyhydram-
nios is a typical fi nding when a maternal infection has 
crossed the  placenta. 

 Aside from sonographic measurements, the over-
all fetal well-being may be assessed by evaluating 
the fetal structures. CMV infection and toxoplasmo-
sis commonly result in periventricular calcifi cations. 
These image as echogenic calcifi cations adjacent 
to the dilated ventricular wall. Maternal infections 
 often result in nonimmune hydrops. Accumulation of 
i nterstitial fl uid in any two of the pleural, peritoneal, 
and pericardial tissues along with the fetal soft tis-
sue  indicates nonimmune hydrops. This also has an 
association with the maternal infection crossing the 
placenta to the fetus. 

 Ultrasound has a useful role in evaluating  fetuses 
 exposed to infectious diseases. For example, fetal echo-
cardiography helps exclude heart abnormalities in 
 patients exposed to CMV and rubella. Serial biometry 
acquired during ultrasound exams helps determine 
the presence of IUGR due to a bacterial infection. Ac-
curate sonographic dating allows for correct timing of a 
 cesarean delivery for fetuses infected by viruses such as 
herpes. 

Nonspecifi c malformations found in the rubella- 
exposed fetus include IUGR, cardiac and great vessel 
abnormalities, microcephaly, microphthalmos, hepato-
splenomegaly, and osteopathy (Fig 29-7). 8,27,28  

 The human herpesviruses (CMV, herpes hominis 
types I and II [herpes simplex viruses], varicella-zoster 
virus, and EBV) infect most people at some time during 
life. The viruses usually remain latent in the body but 
may reactivate periodically and produce disease. 

 Gestational herpesvirus infections reach the embryo 
or fetus through the placenta by ascending through the 
cervix or through fetal contact with the birth canal dur-
ing vaginal delivery. CMV is the most common known 
cause of congenital infections in humans. Reports in-
dicate that 6% of infants infected in utero contract the 
disease. 9  Features of CMV disease in neonates include 
hepatosplenomegaly, jaundice, thrombocytopenia, cho-
rioretinitis, cerebral calcifi cations, and microcephaly 
(Fig. 29-8). Other reported associated congenital de-
fects and fi ndings include inguinal hernia, anomalies 
of the fi rst branchial arch, and central nervous sys-
tem anomalies. Other possible antenatal fi ndings in-
clude ascites, splenomegaly, IUGR, hydrocephaly, and 
 polyhydramnios. 23,29  

   There is a high rate of transmission of the herpes 
simplex virus infection to the neonate. 30  There is a 
close connection between an increase in spontaneous 
abortions and stillbirths with a primary infection dur-
ing the fi rst half of pregnancy. 6  Associated congenital 
malformations include microcephaly, hydranencephaly, 
intracranial calcifi cations, microphthalmia, and hepato-
splenomegaly. The presence of the virus in the  maternal 
genital tract at the time of delivery indicates the need 
for a cesarean section because of the high neonatal in-
fection rate with a vaginal delivery. A majority of the 
infants are born prematurely. 

A B
 Figure 29-6 Parvovirus.  A:  A coronal image of the abdomen at 23 weeks’ estimated gestational age shows ascites  (solid arrow)  and pericardial 
effusion  (open arrows) .  B:  A second coronal image demonstrates the umbilical vein  (arrow)  suspended within ascites (A). By 27 weeks, the  hydrops 
resolved. Mother had a positive immunoglobin M titer for parvovirus and a history of a rash during the fi rst trimester of pregnancy.  L,  liver. 
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A B

C

Figure 29-7  A:  Hydrocephalus with a dangling 
choroid plexus. Axial view of an 18-week fetus 
with hydrocephalus demonstrates the choroid 
plexus  (arrowheads)  dangling from its medial at-
tachment toward the lateral wall of the ventricle. 
 B:  Multiplanar Reconstructions (MPR) view of hy-
drocephalus. (Image courtesy of GE Healthcare, 
Wauwatosa, WI.)  C:  Axial image of the fetal head 
with a occipital cephalocele. (Image courtesy of 
Philips Medical Systems, Bothell, WA.)

A B
 Figure 29-8 Cytomegalovirus.  A:  Transverse view of the head shows ventricular dilation and periventricular echogenic nodules 
 ( arrow) .  B:  Computed tomography scan (oriented to correspond with ultrasound image) after birth confi rms hydrocephalus and 
marked periventricular calcifi cations  (arrows) . (Courtesy of Luis Izquierdo, MD, Miami, FL.) 
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of diabetes mellitus include impaired glucose tolerance 
and gestational diabetes, a condition manifested only 
during pregnancy. 31  

 The association between diabetes mellitus and fetal 
congenital anomalies was recognized as early as 1885. 
Today, the frequency of anomalies among offspring of 
diabetic mothers is estimated at 5% to 10%, with a 
15% to 20% spontaneous abortion rate. 32  The explana-
tion for congenital malformations seen with diabetes 
is that the high blood sugar levels (hyperglycemia) re-
sult in disruption of embryonic organogenesis. Early 
diabetes control has been found to reduce the inci-
dence of congenital malformations and spontaneous 
miscarrages. 33  

 Congenital anomalies in infants of diabetic  mothers 
include skeletal, central nervous system, cardiac, renal, 
and gastrointestinal types (Fig. 29-9). 34  In addition, a 
single umbilical artery (SUA) occurs in about 6.4% of 
diabetic mothers’ pregnancies (Fig. 29-10). Various mal-
formations occur with an SUA, including cardiac and 
great vessel anomalies, pulmonary hypoplasia, geni-
tourinary tract anomalies, vertebral anomalies,  talipes 
equinovarus (clubfoot), inguinal hernias, and polydac-
tyly (Fig. 29-11). 32  The fi nding of an SUA, therefore, 
warrants a thorough examination of the fetus to exclude 
these malformations. In  addition to malformations, 
 fetuses of diabetic mothers may also  experience growth 
disturbance problems such as IUGR or macrosomia 
 (increased body tissues and fat). Growth retardation of 
a fetus of a mother with severe diabetes is attributed 
to uteroplacental vascular  insuffi ciency, which results 
in fewer nutrients being transferred to the fetus. Fetal 
hyperinsulinemia is thought to be responsible for the 
 development of macrosomia, as continuous  maternal hy-
perglycemia gains access to the fetal circulatory  system. 
Macrosomia is a fetal weight in excess of 4,500 grams 

 ENDOCRINE AND METABOLIC 
DISORDERS 
 DIABETES MELLITUS 

 Diabetes mellitus is perhaps the most common ma-
ternal disorder the obstetric sonographer encounters. 
It has been estimated that it occurs in 1 of every 324 to 
350 pregnancies in the United States. 1  The condition is 
a disorder of carbohydrate metabolism related to insu-
lin defi ciency and characterized by hyperglycemia. 

 Diabetes mellitus is classifi ed as type I (insulin de-
pendent; formerly known as juvenile-onset diabetes), 
type II (noninsulin dependent; formerly known as 
adult-onset diabetes), and other, or secondary,  diabetes. 
Causes of secondary diabetes include pancreatic dis-
ease or pancreatectomy, hormones, drugs, or chemi-
cals, and certain genetic syndromes. Additional classes 

A B
 Figure 29-9 Anencephaly.  A:  Longitudinal sonogram demonstrates the fetal trunk and the facial structures  (solid arrows) . No cranial vault is 
discerned  (open arrow) .  B:  Sonographic section of the fetal orbits in a semiaxial plane. Note the nasal bridge  (arrow)  separating the echopenic 
globes of the eyes  (star) . (Images courtesy of Philips Medical Systems, Bothell, WA.) 

PATHOLOGY BOX 29-1

TORCH Sonographic signs

Toxoplasmosis Hepatosplenomegaly, 
Other (Syphilis,  hydrocephalus, 

varicella-zoster,  hydranencephaly, 
parvovirus B19)  microcephaly, intracranial 

Rubella  calcifi cations, ascites, IUGR, 
Cytomegalovirus  f etal demise, non-immune 
Herpes   fetal hydrops, polyhydram-

nios, abnormal hand and 
limb position, ventriculo-
megaly, hyperechoic hepatic 
foci, increased S/D ratio of 
the middle cerebral artery, 
cardiac and great vessel 
anomalies
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 Figure 29-10 Cross-section of a two-vessel umbilical cord. Trans-
verse image of free-fl oating cord demonstrates two vessels, the 
larger one is the umbilical vein  (arrow)  and the smaller is the single 
umbilical artery  (arrowhead) . (Images courtesy of Philips Medical Sys-
tems, Bothell, WA.) 

A B
 Figure 29-11 Normal and clubfoot.  A:  The normal leg and foot lies on a straight plane from the knee  (solid arrow)  to the foot  (open arrows) . 
 B:  A clubfoot  (open arrows)  deviates at right angles to the leg.  K,  knee. (Image courtesy of Philips Medical Systems, Bothell, WA.) 

(9 pounds 9 ounces) or a birth weight above the 90th 
percentile for gestational age. 35  This predisposes the 
 fetus to complications such as stillbirth and intrapartum 
trauma. 36  Risk factors for fetal macrosomia include ges-
tational diabetes, Type I or Type II diabetes, multiparity, 
advanced maternal age, excessive maternal weight gain 
and/or obesity, postterm delivery, and a previous his-
tory of having a large for gestational age (LGA) fetus. 

 Several growth parameters can be examined with ul-
trasound to monitor the diabetic mother’s pregnancy. 
These include the biparietal diameter, the abdominal 
circumference, and the estimated fetal weight. Recent 
studies have confi rmed that appropriately performed 
abdominal circumference measurements by ultrasonog-
raphy in the third trimester is the best way of predicting 
neonatal weight, whereas biparietal diameter and chest 

circumference are unreliable or poor predictors. 37  Exces-
sive amniotic fl uid defi ned as greater than or equal to 
60th percentile for gestational age has recently been as-
sociated with macrosomia. 38  Diagnostic confi dence for 
macrosomia increases in the presence of an increased ab-
dominal circumference and excessive amniotic fl uid. Less 
commonly used parameters are chest size determination 
and the assessment of fetal breathing movements. 39,40  

 PATHOLOGY BOX 29-2 

 Congenital Anomalies in Infants of Diabetic Mothers 

Cardiac

 Transposition of the great vessels with or without VSD 
 VSD 
 ASD 
 Coarctation of the aorta with or without VSD 
Cardiomegaly

Gastrointestinal

 Duodenal atresia 
 Anorectal atresia 
 Small left colon syndrome 

 Renal 

 Hydronephrosis 
 Renal agenesis 
 Ureteral duplication 

 Central Nervous System 

 Caudal regression syndrome 
 Neural tube defects 
 Anencephaly 
 Microcephaly 

 Other 

 Single umbilical artery 
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 Sonographically, the gestational diabetic patient’s 
pregnancy is at risk for macrosomia, polyhydramnios, 
placentomegaly, and all of the associated complications 
with each. 

 HYPERTHYROIDISM 

 Hyperthyroidism, also known as thyrotoxicosis,  occurs 
in approximately 0.1% to 0.4% of pregnancies. 45  
The additional thyroid stimulation produces thyrox-
ine, disrupting normal cell development and causing 
a  signifi cant increase in the incidence of low-birth-
weight infants and a slight increase in the neonatal 
mortality rate. 

 The most common cause of clinical hyperthyroidism 
is Graves’ disease (toxic diffuse goiter), Plummer’s dis-
ease (toxic nodular goiter), trophoblastic tumors, and 
hydatidiform mole. 46  

 HYPOTHYROIDISM 

 The incidence of hypothyroidism is very low in 
 pregnant women since the absence of normal hor-
mone stimulation makes conception unlikely. There 
is a high rate of stillbirths in women who become 
pregnant. 47  

 HYPERPARATHYROIDISM 

 The incidence of hyperparathyroidism in pregnancy is 
very low. The most common cause is parathyroid ade-
noma. There is an increase in prematurity, spontaneous 
abortions, fetal demise in late pregnancy, and hypocal-
cemia and tetany in newborns. 48  

 PHENYLKETONURIA 

 Phenylketonuria (PKU) is an inherited, autosomal 
 recessive disease that results in increased phenylalanine 
in the blood. The individual’s diet provides this amino 
acid through the ingestion of protein (milk, eggs), and 
some artifi cial sweeteners such as aspartame. 49  The 
 occurrence in the United States of this condition is 1 in 
10,000–15,000 newborns. Due to newborn screening, 
the majority of PKU cases receive prompt treatment, 
resulting in few severe cases. 

 A woman who is not following a low-phenylalanine, 
low-protein diet develops potentially toxic levels of 
metabolic products. High levels of prenatal phenyl-
alanine exposure result in an increased risk of spon-
taneous abortion, microcephaly, mental retardation, 
congenital heart disease, low birth weight, and behav-
ioral problems. 35,49  To avoid fetal complications, dietary 
restriction of phenylalanine begins before conception. 
Maternal dietary adjustments reinstated after incep-
tion of pregnancy have been unsuccessful in preventing 
 abnormalities. 

 In the sonographic evaluation of the diabetic 
mother’s pregnancy, it is recommended that an initial 
fi rst-trimester examination be done to establish dates. 
An anatomic survey between 18 and 22 weeks allows 
screening for neural tube defects, caudal regression 
syndrome (with variable agenesis of the lower spinal 
segments, variable fusion of the lower extremities, 
and variable absence of the long bones), and cardiac 
defects and can exclude other gross malformations. 32  
Follow-up examinations should then be done every 
4 to 6 weeks for fetal growth and estimated weight. 
Placental enlargement occurs due to the chronic hy-
perglycemia seen with diabetes. Macrosomic and 
growth-restricted fetuses should be examined more 
frequently.  Umbilical artery fl ow tracings, specifi cally 
high-resistance  Doppler velocity patterns, have also 
proven signifi cant. 7  

 With a macrosomic fetus, the risk of maternal and 
fetal complications increases. The pregnancy is at 
risk for spontaneous abortion, polyhydramnios, and 
placentomegaly. Fetal risk includes congenital cardio-
vascular, renal, and gastrointestinal malformations, 
 caudal regression syndrome, neural tube defects, 
shoulder dystocia, bony fractures, encephalopathy, 
and brachial plexus injury. The maternal complica-
tions include increased risks of hemorrhage, rectal 
and vaginal lacerations, and an increase in cesarean 
delivery. In addition, both maternal and perinatal 
morbidity and mortality increase in relation to increas-
ing fetal birth weight, 34  highlighting the importance of 
diagnosing macrosomia. 

 Gestational diabetes—diabetes that occurs only 
during pregnancy—affects about 7% of all pregnant 
women. 41  It usually begins in the fi fth or sixth month 
of pregnancy (weeks 24 and 28), disappearing shortly 
after delivery. 42  Historical risk factors for this condition 
include a previous stillbirth, a baby with congenital 
anomalies, a previous macrosomic infant, or a family 
history of diabetes. 43  Gestational diabetes affects the 
fetus similarly to pregestational diabetes; however, 
a later onset decreases the risk of malformations due 
to organogenesis disruption. Clinical symptoms may 
lag behind maternal metabolic changes, so there is 
no  certainty that the fetus has gone through organo-
genesis  unaffected, regardless of diagnosis timing. 
A  common-sense approach, such as examining all fe-
tuses whose  mothers manifested symptoms before 24 
weeks’ gestation, is best. 

 A glucose tolerance test, performed between weeks 
24 and 28, is the preferred diagnostic method. The 
glucose tolerance test involves drinking a glucose so-
lution and checking the glucose level after an hour. 
A normal glucose level is less than 140 mg/dl. A higher 
glucose level requires a 3-hour glucose tolerance test. 
The  diagnosis of gestational diabetes is made when 
two or more high glucose levels during the 3-hour 
 glucose test occur. 44  
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and destroy them. Erythroblastosis fetalis, a condition 
characterized by rapid destruction of fetal red blood 
cells and hepatosplenomegaly, may occur when an 
Rh-positive fetus is carried by an Rh-negative mother 
who has been sensitized to Rh antigen in a previous 
pregnancy (Fig. 29-12). 9  In its most severe form, a fl uid 
overload condition known as immune hydrops fetalis 

 HEMATOLOGIC DISORDERS 
 RH ISOIMMUNIZATION 

 Rh isoimmunization refers to the development of ma-
ternal antibodies to the surface antigens on fetal red 
blood cells. The maternal antibodies perceive the fetal 
antigens as foreign invaders, and they attempt to attack 

FIRST PREGNANCY

Rh-

Rh+
At delivery

SECOND PREGNANCY

Rh-

Rh+

During pregnancy

Fetal
Rh+ RBC

Anti-Rh
antibodies

Baby from
second pregnancy

Kernicterus

Jaundice

Hemolytic anemia

Congestive heart failure

Hepatosplenomegaly

Edema

Maternal sensitization to Rh
Anamnestic response

to Rh+ fetal RBCs

ERYTHROBLASTOSIS FETALIS
Normal baby

Maternal
B Cell

 Figure 29-12 Pathogenesis of erythroblastosis fetalis due to maternal-fetal Rh incompatibility. Immunization of the Rh-negative mother with 
Rh-positive erythrocytes in the fi rst pregnancy leads to the formation of anti-Rh antibodies of the IgG type. These antibodies cross the placenta 
and damage the Rh-positive fetus in subsequent pregnancies. 



 29 — Effects of Maternal Disease on Pregnancy 757

results (Fig. 29-13). With the introduction of preventive 
maternal immunologic blocking treatment, RhoGAM, 
clinical Rh isoimmunization to the Rh factor is much 
less common. However, isoimmunization due to major 
blood type (ABO) maternofetal incompatibility occa-
sionally occurs. 

 Amniocentesis is an important procedure for moni-
toring the bilirubin concentration in amniotic fl uid, as 
hemolytic disease severity directly relates to fl uid bili-
rubin levels. The ultrasound exam aids in detecting ex-
trafetal and intrafetal fl uid changes and monitoring fetal 
growth. The establishment of accurate dates becomes 
essential for amniocentesis timing, delivery planning, 
and real-time observation of needle placement for the 
PUBS procedure (Fig. 29-14). Obtaining a direct sample 
of fetal blood from the cord allows for determination of 
antibody titers to help determine fetal prognosis. Blood 
transfusions into the umbilical vein at the placental 

A B
 Figure 29-13 Hydrops fetalis.  A:  Transverse image of the fetal chest with the spine anterior (s). Pleural fl uid  (star)  surrounds the lungs (L).
  B:  Axial image of the fetal abdomen demonstrating ascites (A) around the liver (L). (Image courtesy of Philips Medical Systems, Bothell, WA.) 

insertion or into the fetal peritoneum has a high rate of 
success in treating isoimmunized pregnancies. 50,51  

   Doppler ultrasound is also helpful in assessing the 
well-being of potentially affected fetuses. As the f etal 
hemoglobin decreases vascular resistance increases re-
sulting in an increased S/D ratio. 52–54  

 Hydrops can be caused by factors other than iso-
immunization. This nonimmunologic hydrops may 
be caused by over 40 conditions. 14,55  Most commonly, 
nonimmunologic hydrops may result from fetal prob-
lems such as cardiovascular conditions (hypoplastic left 
heart, dysrhythmias), infections (toxoplasmosis, herpes 
simplex), obstructive vascular problems (umbilical vein 
thrombosis), pulmonary diseases (cystic adenomatoid 
malformation), neoplasms (neuroblastoma, teratoma), 
chromosomal anomalies (trisomy 18 or 21), and con-
genital nephrosis. Maternal causes include diabetes 
mellitus and toxemia. 56  

 The ultrasound fi ndings associated with hydrops 
include polyhydramnios, fetal ascites, pleural and 
pericardial effusions, fetal anasarca (subcutaneous 
edema with skin thickness greater than 5 millimeters 
[mm]), abnormally thickened placenta (greater than 
6 centimeters [cm]), fetal hepatosplenomegaly and 
cardiomegaly, and umbilical vein dilatation. 7,9,33,55   The 
 sonographically detectable structural anomalies as-
sociated with fetal  hydrops are numerous and varied 
(Table 29-1). 

 SICKLE CELL DISEASE 

 Sickle cell disease, also called sickle cell anemia, is 
an inherited disorder that affects people from  families 
 originating in Africa, Central or South America, the 
Caribbean islands, Mediterranean countries, India, 
and Saudi Arabia. 49  In the United States, individuals 
of  African descent have the highest incidence rate. 49  
African Americans can expect a 1 in 500 chance of 

 Figure 29-14 Sonographic image of the sampling needle  (arrow)  
during an amniocentesis. The needle tip appears large because of 
reverberation artifact while the anechoic break is due to refraction.  P,  
placenta;  F,  fetus. (Image courtesy of GE Healthcare, Wauwatosa, WI.) 
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 TABLE 29-1 

 Sonographic Structural Anomalies Associated with Immune and Nonimmune Hydrops Fetalis 

 Structure Sonographic Finding Abnormality 

Head Intracranial mass, associated with congestive 
 heart failure and microcephaly

Arteriovenous malformation, vein of Galen 
 aneurysm, cytomegalovirus, or 
 toxoplasmosis infection

Neck Cystic neck masses Lymphatic dysplasias

Thorax Poorly contracting heart
Pericardial effusion, tachycardia
Asystole
Mediastinal mass
Chest mass
Small thorax
Cystic masses crossing diaphragm

Congestive heart failure
Cardiac anomaly
Demise
Tumor
Cystic adenomatoid malformation
Dwarfi sm
Diaphragmatic hernias

Abdomen Tubular sonolucent structures
Abdominal masses

Gastrointestinal obstruction, atresia, 
 or vovulus
Tumors, neurofi bromatosis

Retroperitoneum Retroperitoneal mass
Hydronephrotic kidney

Neurogenic mass
Hydronephrosis, posterior urethral valves

Extremities Short arms, legs
Contractures
Fractures

Dwarfi sm
Arthrogryposis
Osteogenesis imperfecta

Placenta Thick placenta Infection, extramedullary 
 hematopoiesis, anemia

Amniotic cavity Number of fetuses, relative size, 
 amniotic membrane
Umbilical cord anomalies

Twin-to-twin transfusion
Single umbilical artery
Umbilical cord torsion

 (Adapted from Fleischer AC, Killam AP, Boehm FH, et al. Hydrops fetalis: Sonographic evaluation and clinical implications.  Radiology.  
1981;141:163–168.) 

inheriting this condition, and Hispanic Americans have 
a 1 in 1,000 to 1,400 chance. 49  

 Sickle cell disease affects the hemoglobin molecule 
in the blood. This is the blood component responsible 
for transporting oxygen to the body. The normal blood 
cell has a fl exible round shape, but in this condition 
blood cells take on a rigid, sickle-shaped appearance. 
This shape change is due to a gene mutation on the he-
moglobin beta (HBB) gene, which provides instructions 
for the production of beta-globin. A mutation in the 

HBB gene results in low production of beta-globin, thus 
resulting in the characteristic sickle-shaped blood cell. 
The abnormally shaped cells die prematurely, leading 
to anemia. These infl exible, sickle-shaped cells cause 
medical complications because of their inability to 
change shape in the small blood vessels of the body. 49  

 Incidences of spontaneous abortion, prematurity, 
stillbirth, and perinatal morbidity and mortality in-
crease with sickle cell disease. 57  Other fi ndings include 
short femurs and low birth weight. 58  

 Sonographic follow-up in these fetuses checks for 
growth retardation and increased placental resistance 
to umbilical and uterine artery fl ow. Spectral Dop-
pler helps with monitoring through the use of the S/D 
 velocity ratio. The critical point for the S/D ratio value 
in the umbilical and uterine arteries is 3.0 or higher in a 
fetus of 30 weeks’ gestation or greater. The same study 
recorded abnormal fl ow in at least one of these arteries, 
with abnormal fl ow in 88% of pregnant women with 
sickle cell disease, compared to 4% to 7% in normal 
pregnant women. 59  

 Management of sickle cell patients during pregnancy 
includes dietary supplementation of iron and folic 
acid. 60,61  Prophylactic transfusions have been reported 

 PATHOLOGY BOX 29-3 

 Sonographic Findings in an Rh Isoimmunized 
Pregnancy 

 Hepatosplenomegaly 
 Immune fetal hydrops (ascites, pleural and pericardial 
 fl uid, anasarca) 
 Increased S/D ratios 
 Polyhydramnios 
 Thick placenta 
 Cardiomegaly 
 Umbilical vein dilation 
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most commonly in young primigravidas and in older 
multiparas. Although the etiology of pre-eclampsia re-
mains unclear, immunologic, hormonal, and nutritional 
factors are thought to be responsible. It has been postu-
lated that the reduction in prostaglandin synthesis seen 
in pre-eclamptic patients promotes placental vascular 
disease and decreased uteroplacental blood fl ow. Low 
birth weight, fetal distress, and placental abruption are 
all associated with toxemia. 66  Treatment of this condi-
tion depends on the severity of the disease. Antihyper-
tensive drugs can be used to control blood pressure, 
and in severe disease anticonvulsant medication is pre-
scribed for seizures. Immediate delivery of the fetus is 
indicated in most cases of toxemia (Fig. 29-15). 

 Of the patients that are diagnosed with pre- eclampsia, 
2% to 12% are affected by the HELLP syndrome. HELLP 
is an abbreviation of the main fi ndings;   h emolysis, 
  e levated  l iver enzymes, and  l ow  p latelets. Estimated 
to occur in less than 1% 49,67  of the general popula-
tion, HELLP rarely occurs until the third trimester, 49  

to improve both maternal and fetal morbidity and mor-
tality, although this procedure carries the risk of blood-
borne infection and the formation of alloantibodies that 
may affect future transfusions. 62  

 THALASSEMIA 

 Thalassemia has been cited as one of the most com-
mon maternal autosomal recessive genetic abnormali-
ties associated with pregnancy worldwide. 49,63  Referred 
to as beta thalassemia, the characteristic fi nding of this 
blood disorder is a reduction the hemoglobin produc-
tion. The lack of hemoglobin, the oxygen carrier in the 
blood, results in anemia. There are two forms of beta 
 thalassemia the more severe form, thalassemia major 
(Cooley’s anemia) and thalassemia intermidia. 49  Indi-
viduals from Mediterranean countries, North Africa, 
the Middle East, India, Central Asia, and Southeast Asia 
have the highest incidence of thalassemia. 49  

 Mutations from the same gene (HBB) responsible for 
sickle cell disease also result in beta thalassemia. The 
reduced amount of beta-globin, beta-plus (B �  or B 0 ), re-
sults in the lack of hemoglobin that disrupts red blood 
cell development. Due to the oxygen shortage, blood 
cells fail to mature, leading to organ damage and lack 
of growth due to oxygen deprivation. 49  

 Thalassemia often shortens the life span of an 
affected person because of the iron overload that de-
velops from the necessary multiple transfusions. 49  Most 
women with thalassemia major die before reaching re-
productive age. In cases of successful pregnancy, effects 
on the fetus range from nonimmune hydrops and death 
to no effect at all. 41,63,64  

 TOXEMIA AND HYPERTENSION 
 Toxemia (pre-eclampsia) of pregnancy is a third tri-
mester disease characterized by maternal edema, hy-
pertension, proteinuria, and central nervous system 
irritability. The disease has been classifi ed into two 
stages, pre-eclampsia and eclampsia. Hypertension 
with proteinuria and/or edema marks pre-eclampsia. 
In the eclamptic stage, when one or more convulsions 
occur, there is a signifi cant increase of maternal and 
fetal mortality. 48  Pre-eclampsia affects less than 1.5% of 
all pregnancies, but when it develops before 36 weeks’ 
gestation, a prenatal mortality rate as high as 20% has 
been reported. The disorder has been found to occur 

 PATHOLOGY BOX 29-4 

 Sonographic Signs of Sickle Cell Disease 

 Fetal death 
 Short femurs 
 IUGR 
 Increased umbilical and uterine artery S/D ratio 

 Figure 29-15 Pathogenesis of pre-eclampsia and eclampsia. 
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also encounter pregnancy complications such as repeat-
ed late fi rst-trimester miscarriages, stillbirth, placental 
abruption, IUGR, and maternal deep vein thrombosis 
(DVT). The most common acquired thrombophilia is 
antiphospholipid syndrome (APS). APS contributes to 
10% to 20% of repeated spontaneous abortions and 
is also related to pre-eclampsia, IUGR, and premature 
delivery. 71  

 SYSTEMIC LUPUS ERYTHEMATOSUS 
 Systemic lupus erythematosus is a multisystem au-
toimmune disease that is not uncommon in women, 
particularly in the childbearing years. Fetal effects 
may be caused by the transfer of autoantibodies 
across the placenta or indirectly as a result of the lack 
of maternal well-being. Pregnancy disorders that have 
been  reported with this disease include fetal death, 
recurrent abortion, growth retardation, and toxemia. 72  
Best fetal outcomes are obtained when pregnancies 
are planned for time periods when disease activity has 
been well controlled by small doses of steroids and 
aspirin. 

 DRUG USE AND NUTRITIONAL 
DISORDERS 
 Drug use during pregnancy affects outcomes by 
promoting fetal addiction, teratogenesis, altered utero-
placental blood fl ow, or IUGR. 9  This teratogenic effect 
 depends on several factors, including the drug, its dos-
age, time of exposure, host susceptibility, genetic dif-
ferences in the host, and interactions with other agents 
in the environment. 8  In general, in the early period of 
gestation, teratogens affect organs that develop fi rst, 
such as the heart. 

 Although many drugs and chemicals have been spo-
radically associated with various fetal malformations, 
only a few are proven teratogens (Table 29-2). Some, 
unfortunately, are important medications, such as Cou-
madin (warfarin), whose use during pregnancy must 
be restricted. 

 Drugs used abusively include alcohol, amphet-
amines, barbiturates, and narcotics (heroin, methadone, 
and cocaine). Effects associated with these agents show 
a variety of fetal effects, ranging from mild to severe. In 
other than proven teratogens, the main effect appears 
to be IUGR as a result of poor nutrition associated with 
drug use. 

 Excessive consumption of alcohol, a known terato-
gen, during pregnancy can result in the fetal alcohol 
syndrome (FAS). This syndrome is part of an adverse 
outcome spectrum known as fetal alcohol spectrum 
disorder. 28  It is estimated that 11% of pregnant women 
are problem drinkers and about 5% to 10% of their 
offspring demonstrate full-blown FAS. Fetal alcohol 
syndrome is the leading cause of mental retardation in 

with about one-third developing the syndrome within 
2 days after delivery. 67  HELLP occurs more in women 
of African descent 68  and in nulliparous white women 49  
with pre-eclampsia and a family history. 28  The cause 
of this syndrome is poorly understood, with theories 
linking development to abnormal placental function, 
impairment of placental vascular perfusion, and oxida-
tive stress resulting in maternal vascular changes. 49  In 
half the cases, maternal symptoms include right upper 
quadrant pain, nausea and vomiting, general malaise, 
visual symptoms, hypertension, proteinuria, exces-
sive weight gain, and generalized edema similar to 
pre-eclampsia fi ndings. 67  

 Hypertension during pregnancy may also occur 
without the development of toxemia. Hypertension 
preceding or persisting after pregnancy is diagnosed as 
essential hypertension, whereas hypertension that oc-
curs during pregnancy and disappears after parturition 
is considered to be pregnancy-induced hypertension. 
Hypertension during pregnancy, regardless of the type, 
always poses a risk to both mother and fetus. 

 Sonography can reliably monitor pre-eclamptic preg-
nancies and detect abnormalities early. A spectrum 
of ultrasound fi ndings has been described in these 
patients: IUGR, oligohydramnios, placental infarcts, 
 increased incidence of abruption placenta,  decreased 
placental volume, accelerated placental maturation, and 
fetal demise. 15  In addition, serial S/D ratios detect the 
development of increased placental vascular resistance. 

 A complaint of abdominal pain in a woman with 
chronic hypertension should raise the clinical suspicion 
of placental abruption. These patients should be care-
fully monitored by ultrasound and clinical observation 
and placed on bedrest. 

 THROMBOPHILIAS 

 The thrombophilias are a group of disorders that pro-
mote blood clotting. Individuals with a thrombophilia 
tend to form blood clots too easily, because their bodies 
make either too much of certain proteins, called blood 
clotting factors, or too little of anticlotting proteins that 
limit clot formation. 49,70  Pregnancy is a hypercoaguable 
state in the normal woman; patients with this disorder 

 PATHOLOGY BOX 29-5 

 Sonographic Signs of Pre-eclampsia (Toxemia) 

 IUGR 
 Oligohydramnios 
 Placental infarcts 
 Placenta abruption 
 Decreased placental volume 
 Increased placental maturation 
 Fetal demise 
 Increased S/D ratio 
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 TABLE 29-2 

 Teratogens and Their Fetal Effects 8,26,55,88  

Teratogen Fetal Effects

Aminopterin Meningoencephalocele, hydrocephalus, clubfoot, hypoplasia of fi bula

Antithyroid drugs Polydactyly, goiter

Azathioprine Pulmonary valvular stenosis

Alcohol  IUGR, microcephaly, developmental delay, characteristic facies, ventricular septal defect, 
 tetralogy of Fallot, aortic coarctation, cleft palate, meningomyelocele, hydrocephalus

Aspirin Gastroschisis, premature closure of the ductus arteriosus

Carbon monoxide Cerebral atrophy, hydrocephalus, cleft lip

Cigarettes Oral clefts, IUGR

Cocaine  Placenta abruption, prematurity, fetal death, low birth weight, microcephaly, abnormal limbs, 
 urinary tract malformations, poor neurodevelopmental performance, prune belly

Warfarin  Microcephaly, hypoplasia and calcifi c stippling of the epiphyses, cardiac malformations, 
 hypertelorism, cleft palate or lip, growth retardation, developmental delay, eye defects, 
 hearing loss, central nervous system defects

Cyclophosphamide Tetralogy of Fallot, syndactyly, missing digits

Daunorubicin Anencephaly, cardiac defects

Ethanol Microcephaly, cardiac defects, growth retardation

Heparin Absence of thumbs

Ibuprofen Gastroschisis, premature closure of the ductus arteriosus

Methotrexate  Oxycephaly, absence of frontal bone, dextrocardia, growth retardation, micrognathia, low ears, 
 maxillary hypoplasia, short limbs, talipes equinovarus, IUGR, microcephaly

Methyl mercury Microcephaly, head asymmetry, cerebral atrophy, spacicity, blindness

Phenytoin  Microcephaly, cardiac malformations, hypertelorism, cleft palate or lip, growth retardation, 
 bradycardia

Polychlorinated biphenyls Growth retardation

Procarbazine Cerebral hemorrhage

Radiation Microcephaly

Retinoic acid  Congenital heart malformations, spine malformations, limb reduction, duodenal stenosis or 
 atresia, pyloric stenosis, microtia

Thalidomide  Congenital heart malformations, spine malformations, limb reduction, duodenal stenosis or 
 atresia, pyloric stenosis, microtia, phocomelia, polydactyly, syndactyly, oligodactyly, external 
 ear defects, capillary hemangiomas of the face, cranial nerve VI and VII palsies, renal, 
 gallbladder, spleen and appendix agenesis, clubfoot, extra toes

Trimethadione  Microcephaly, cardiac defects, clubfoot, esophageal atresia, growth defi ciency, facial clefting, 
 micrognathia

Valproic acid  Meningomyelocele, microcephaly, growth defi ciency, tetralogy of Fallot, oral cleft, narrow 
 bifrontal diameter, high forehead, epicanthal folds, infraorbital creases, telecanthus, low nasal 
 bridge, short nose with inverted nares, midfacial hypoplasia, long philtrum, think vermillion 
 border, small mouth, long digits, hyperconvex fi ngernails, cleft lip

the West, affecting as many as 2 cases in 1,000 live 
births. 28,68,73  

 It has been established that there is no safe level of 
alcohol consumption during pregnancy. While most of 
the characteristics of the syndrome relate to cognitive 
and functional disabilities, some structural and growth 

anomalies occur in the fetal period. 28  This syndrome 
includes features of gross physical retardation, central 
nervous system dysfunction, and facial dysmorphology, 
including microcephaly and microphthalmia. Addition-
al effects of alcohol include cardiac anomalies (such as 
ventricular septal defect), increased risk of infections, 
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 TABLE 29-3 

 Sonographic Findings in Fetuses of Mothers   with Disease 26,55 

 Maternal Disease Sonographic and Associated Findings 

 Viral Infection 

 Cytomegalovirus  Microcephaly, hydrocephaly, cardiac abnormality, IUGR, hepatosplenomegaly, ascites, 
 polyhydramnios, nonimmune hydrops, intracranial calcifi cations, linear striations of basal 
 ganglia, echogenic bowel, chorioretinitis, seizures, blindness, optic atrophy 

 Herpes simplex  Microcephaly, hydranencephaly, intracranial calcifi cations, microphthalmia, 
 hepatosplenomegaly, nonimmune hydrops, echogenic bowel 

 Varicella-zoster  IUGR, limb aplasia, microphthalmia, intracranial calcifi cations, hyperechoic liver foci, 
 nonimmune hydrops, hypoplastic limbs, ventriculomegaly, microcephaly, cataracts, 
 echogenic bowel 

 Epstein-Barr Cardiac, IUGR, microphthalmia 
 Rubella  Microcephaly, hydrocephaly, cephalocele, agenesis of the corpus callosum, cataracts, 

 abnormal long bones, septal defects, pulmonic stenosis 
 Infl uenza Cardiac anomalies 
 Human immunodefi ciency virus  IUGR, hepatomegaly 

 Bacterial Infection 

 Syphilis  Hydrocephaly, iniencephaly, thick placenta, hydrops, osteitis, fetal demise, non immune 
 hydrops, hepatosplenomegaly, bowel dilatation, IUGR 

 Gonorrhea IUGR, oligohydramnios 
 Urinary tract infection IUGR, oligohydramnios 

 Parasitic Infection 

 Toxoplasmosis  IUGR, hydrocephaly, microcephaly, intracranial calcifi cation, agenesis of the corpus 
 callosum, hepatosplenomegaly, nonimmune hydrops, ventriculomegaly, hyperechogenic 
 liver foci, placentomegaly 

 Malaria IUGR 

 Endocrine and Metabolic 

 Diabetes mellitus Thickened placenta 
 Hyperthyroidism IUGR 
 Hypothyroidism Fetal demise, goiter 
 Hyperparathyroidism Fetal demise, goiter 
 Phenylketonuria Microcephaly, cardiac disease 

 Hematologic 

 Isoimmunization Pleural and pericardial effusion, ascites, skin thickening, polyhydramnios (immune fetal 
  hydrops) 
 Sickle cell disease Short femurs, IUGR 
 Thalassemia Nonimmune fetal hydrops 
 Toxemia  IUGR, oligohydramnios, abruptio placentae, decreased placental volume, early placental 

 maturation, fetal demise 
 Malnutrition IUGR, oligohydramnios, decreased placental volume, intrauterine growth retardation 

The major effects of narcotics are drug dependency in 
both mother and fetus, and IUGR. In addition, cocaine 
use has an associated risk of abruptio placentae, geni-
tourinary malformations, limb  reduction anomalies, 
and cardiac defects. 76–78  Nicotine and caffeine have also 
been associated with adverse fetal outcome. Nicotine 
use has been linked to an increased risk of spontaneous 
abortion, perinatal mortality, placenta previa, preterm 
delivery, and low birth weight. 79,80  Excessive maternal 
caffeine consumption (100 mg/day) shows an increased 
rate of spontaneous abortion. 81  

placental abruption, amnionitis, stillbirth, sudden in-
fant death, and spontaneous abortion. 69,73  The role of 
street drugs (amphetamines, barbiturates, narcotics) in 
the development of congenital anomalies has been dif-
fi cult to defi ne because of complicating factors such as 
drug potency and purity, multiple drug use, and the 
high incidence of perinatal infection and malnutrition 
among drug abusers. 74  Amphetamines have been im-
plicated as a cause of cleft palate and IUGR. Barbitu-
rate use has been reported to carry an increased risk 
for cardiac anomalies as well as cleft lip and palate. 75  
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 OTHER MATERNAL DISORDERS 
 Women with cyanotic congenital heart disease have 
pregnancies with a higher incidence of premature 
births, IUGR, and abortions. 86,87  The incidence of con-
genital heart disease in these infants is also somewhat 
higher than that in the normal population (Table 29-3). 

 SUMMARY 
 • The effect of viral, bacterial, or parasitic infections on 

the fetus depend on the gestational age of the fetus. 

 • TORCH is a grouping of fi ve maternal infections re-
lated to congenital anomalies. 

 • Maternal diabetes, either type I or II, results in an 
increased incidence of fetal anomalies. 

 • Decreased fetal blood hemoglobin results in an in-
crease in the S/D ratio. 

 • Because of hormonal imbalances, women with hy-
perthyroidism, hypothyroidism, hyperparathyroidism, 
and phenylketonuria rarely carry a pregnancy to term. 

 • Rh isoimmunization occurs when a mother is Rh nega-
tive blood type and the fetus is Rh positive blood type. 

 • Mixing of maternal Rh negative and Rh positive 
blood at parturition of either a term or aborted preg-
nancy can result in Rh isoimmunization. 

 • Rh isoimmunization increases the risk of immune 
 fetal hydrops. 

 Closely associated with drug abuse is the prob-
lem of malnutrition. Drug abuse commonly leads to 
 neglect of personal care, including nutrition. Mild 
 degrees of maternal malnutrition result in an increase 
in prematurity, low birth weight, and IUGR. 82  Maternal 
starvation in early gestation has been reported to be 
associated with central nervous system abnormalities 
(spina bifi da and hydrocephalus). In later gestation, it 
can result in IUGR. 

 Obesity is the most common nutritional disorder in 
developed countries. This is defi ned as body mass index 
greater than 30. 83  Three major antenatal complications 
of moderate obesity are hypertension, pre-eclampsia, 
and gestational diabetes. 16,84,85  Massive obesity is a ma-
jor technical problem with prenatal sonographic imag-
ing and cesarean section. 

 Sonography has an important role in evaluating 
 fetuses of drug-addicted, malnourished, and obese 
mothers. A considerable number of fetal structural 
anomalies can be detected in fetuses exposed to terato-
genic agents. Careful sonography with high-resolution 
equipment helps rule out malformations such as 
 hydrocephalus, limb reduction defects, and cardiac 
anomalies as early as 17 to 18 weeks of gestation. Serial 
scans monitor fetal growth patterns, allowing detection 
of IUGR or macrosomia. Pregnancies of malnourished 
or obese patients who require cesarean section can be 
dated accurately with sonography for correct planning 
of this procedure. 

  1. A 38-year-old, Rh negative, G2P1 patient presents 
for her obstetric exam. During the pregnancy, she 
has gained 35 pounds and developed high blood 
pressure and gestational diabetes. Her previous 
child was normal with an Rh positive blood type 
and she is Rh antibody positive. A previous exam 
demonstrated a singleton pregnancy with a normal 
anatomic survey and an anterior placenta. Describe 
the expected appearance of the placenta. Explain 
the mechanism of the placental sonographic fi nd-
ings. How would these maternal conditions affect 
the fetus? 
  ANSWER : The placenta in a patient with gestational 
diabetes and high blood pressure has an increased 
chance of developing into a hydropic placenta. Find-
ings include a placenta greater than 6 cm because 
of fl uid overload. The placental fi ndings are due to 
high-output cardiac failure in the fetus as a result of 
immune fetal hydrops. The fetal hydrops is probably 
due to an Rh sensitivity, which results in a placenta 
with a ground glass appearance and a fetus with 
abdominal ascites, pleural effusion, and generalized 
edema. For more information on the placenta, see 
Chapter 18. 

  2. A 40-year-old patient presents to the department 
with newly diagnosed gestational diabetes. She is a 
G7 P5A1 and has gained 60 pounds with this preg-
nancy. Two of her previous children had a birth 
weight in excess of 10 pounds. Findings  identifi ed 
during the sonographic examination  include 
polyhydramnios, large abdominal circumference, 
an increase in the S/D umbilical cord ratio, and a 
placenta measuring 7 cm in anterioposterior (AP) 
dimension. Explain the two forms of growth distur-
bances seen in a mother with diabetes. What type 
of diabetes-linked growth disturbance would be 
expected in this patient? Explain your answer. 
  ANSWER : The fetus can either demonstrate IUGR 
or macrosomia. In the case of growth retardation, 
 maternal diabetes is due to uteroplacental  insuffi ciency 
 resulting in a decrease of nutrient transference from 
the mother to the fetus. Macrosomic fetuses, weigh-
ing more than 4,500 grams, present with an increased 
weight and size is due to the continued high sugar 
levels (hyperglycemia) in the fetal blood system. In the 
 described patient, a macrosomic fetus would be the 
 expected fi nding because of the maternal age, exces-
sive weight gain, and previous history of LGA children. 

Critical Thinking Questions
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 • Sickle cell disease and thalassemia are blood condi-
tions resulting in anemia in the fetus and mother. 
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oxygen content in maternal circulation. 

 REFERENCES 

  1. Benson RC, Pernoll M.  Handbook of Obstetrics and 
 Gynecology . 10th ed. New York: McGraw-Hill Profession-
al; 2001. 

  2. Kahn BF, Hobbins JC, Galan HL. Intrauterine growth 
restriction. In: Gibbs RS, Karlan BY, Haney HF,  Ingrid 
Nygaard, eds.  Danforth’s Obstetrics and Gynecology . 
10th ed. Baltimore: Wolters Kluwer Lippincott Williams & 
Wilkins; 2003:199. 

  3. Doubilet PM, Benson CB.  Atlas of Ultrasound in Ob-
stetrics and Gynecology . Lippincott Williams & Wilkins. 
Philadelphia; 2003. 

  4. Dugoff L. Prenatal diagnosis. In: Gibbs RS, Karlan BY, Haney 
HF, Ingrid Nygaard.  Danforth’s Obstetrics and  Gynecology . 
10th ed. Baltimore: Wolters Kluwer Lippincott Williams & 
Wilkins; 2003:119. 

  5. Dicke JM, Heuttner P, Yan S, et al. Umbilical artery 
 Doppler indices in small for gestational age fetuses: corre-
lation with adverse outcomes and placental  abnormalities. 
 J  Ultrasound Med . 2009;28(12):1603–1610. 

  6. Sciscione Ad, Hayes EJ. Uterine artery Doppler fl ow 
studies in obstetric practice.  Am J Obstet Gynecol . 2009;
201(2):121–126. 

  7. To WW, Mok CK. Fetal umbilical arterial and venous 
 Doppler measurements in gestational diabetic and non-
diabetic pregnancies near term.  J Maternal Fetal Neonatal 
Med . 2009;22(12):1176–82. 

  8. Ferris TF. Toxemia and hypertension. In: Burrow GM, 
 Ferris TF, eds.  Medical Co mplications During Pregnancy.  
3rd ed. Philadelphia: WB Saunders; 1988. 

  9. Burrow GN, Duffy T, Copel J. eds.  Medical Complication 
During Pregnancy . 6th ed. Philadelphia: WB Saunders; 
2004. 

  10. Avgil M, Diav-Citrin O, Shechtman S, et al. Epstein-Barr 
virus infection in pregnancy? A prospective controlled 
study.  Reproductive Toxicology.  2008;25(4):468–471. 

  11. Avgil M, Ornoy A. Herpes simplex virus and Epstein-
Barr virus infections in pregnancy: consequences of 
neonatal or intrauterine infection.  Reprod Toxicol . May 
2006;21(4):436–445. 



 29 — Effects of Maternal Disease on Pregnancy 765

  53. Weiner S, Bolognese RJ, Librizzi DO. Ultrasound in the 
evaluation and management of the isoimmunized preg-
nancy.  J Clin Ultrasound . 1981;9:315–323. 

  54. Etches PC, Lemons JA. Nonimmune hydrops fetalis: 
Report of 22 cases including three siblings.  Pediatrics . 
1979;64:326–332. 

  55. Queenan JT, O’Brien GD. Diagnostic ultrasound in eryth-
roblastosis fetalis. In: Sanders RC, James AE Jr, eds. 
  Ultrasonography in Obstetrics and Gynecology . 3rd ed. 
Norwalk, CT: Appleton-Century-Crofts; 1985. 

  56. Serjeant GR. Sickle haemoglobin and pregnancy.  Br Med J . 
1983;287:628. 

  57. Roopnarinesingh S, Ramsewaks S. Decreased birth weight 
and femur length in fetuses of patients with the sickle-cell 
trait.  Obstet Gynecol . 1986;68:46–48. 

  58. Anyaegbunam A, Langer O, Brustman L, et al. The ap-
plication of uterine and umbilical artery velocimetry to 
the antenatal supervision of pregnancies complicated 
by maternal disease.  Am J Obstet Gynecol . 1988;159:
544–547. 

  59. Desforges JF, Warth J. The management of sickle cell 
 disease in pregnancy.  Clin Perinatol . 1974;1:385–394. 

  60. Lindenbaum J, Klipstein FA. Folic acid defi ciency in sickle 
cell anemia.  N Engl J Med . 1963;269:875. 

  61. Morrison JC, Blake PG, Reed CD. Therapy for the preg-
nant patient with sickle hemoglobinopathies: A national 
focus.  Am J Obstet Gynecol . 1982;144:268–269. 

  62. White JM, Richards B, Byrne M, et al. Thalassemia trait 
and pregnancy.  J Clin Pathol . 1985;38:810. 

  63. Guy G, Coady DJ, Jansen V, et al. Alpha-thalassemia 
hydrops fetalis: Clinical and ultrasonographic consider-
ations.  Am J Obstet Gynecol . 1985;153:500–504. 

  64. Moore KL, Persaud TVN.  The Developing Human: Clinically 
Oriented Embryology . Philadelphia: Saunders; 2003. 

  65. De Reu PA, Smits LJ, Oosterbaan HP, et al. Value of a sin-
gle early third trimester fetal biometry for the prediction 
of birth weight deviations in a low risk population. 
 J Perinat Med . May 2008;36(4):324–9. 

  66. Wall RE. Nutritional problems during pregnancy. In: 
Abrams RS, Waxler P eds.  Medical Care of the Pregnant 
Patient . Boston: Little, Brown; 1983. 

  67. Sibai BM, Abdella TM, Anderson DG. Pregnancy outcome 
in 211 patients with mild chronic hypertension.  Obstet 
 Gynecol . 1983;61:571–576. 

  68. Rodgers BD, Lee RV. Drug abuse. In: Burrow GN, Ferris 
TF, eds.  Medical Complications During Pregnancy . 3rd ed. 
Philadelphia: WB Saunders; 1988. 

  69. Robertson L, Wu O, Langhorne P, et al.  Thrombophilia in 
pregnancy: a systemic review.  British Journal of  Hematology . 
Nov 2005;132(2):171–196. 

  70. Carp H, Dirnfi eld M, Dor J, et al. ART in recurrent mis-
carriage: preimplantation genetic diagnosis/screening 
or surrogacy?  Human Reproduction . July 2004;19(7):
1502–1505. 

  71. Ramsey-Goldman R, Kutzer LH, Guziick D, et al. Previous 
pregnancy outcome is an important determinant of subse-
quent pregnancy outcome in women with systemic lupus 
erythematosus.  Am J Reprod Immunol . 1992;28:195–198. 

  72. Gray R, Mukherjee R, Rutter M. Alcohol consumption 
during pregnancy and its effects on neurodevelopment: 
What is known and what remains uncertain.  Addiction . 
2009;104(8):1270–1273. 

  33. Pedersen J, Molsted-Pedersen L, Andersen B. Assessors of 
fetal perinatal mortality in diabetic pregnancy: Analysis of 
1,332 pregnancies in the Copenhagen series 1946–1972. 
 Diabetes . 1974;23(4):302. 

  34. Golditch IM, Kirkman K. The large fetus: Management 
and outcome.  Obstet Gynecol . 1978;52:26–30. 

  35. Lenke RR, Levy HC. Maternal pheylketonuria and hyper-
phenylalaninemia: An international survey of the out-
come of untreated and treated pregnancies.  N Engl J Med.  
1980;303:1202. 

  36. Wladimiroff JW, Bloemsma CA, Wallenburg HCS.  Ultrasonic 
diagnosis of the large-for-dates infant. Obstet  Gynecol. 1978;
52:285–288. 

  37. Loetworawanit R, Chittacharoen A, Sututvoravut, S. 
 Intrapartum fetal abdominal circumference by ultrasonog-
raphy for predicting fetal macrosomia.  J Med Assoc Thai . 
2006;(Suppl 4):S60–S64. 

  38. Hackmon R, Bornstein E, Ferber A, et al. Combined analy-
sis with amniotic fl uid index and estimated fetal weight 
for prediction of severe macrosomia at birth.  Am J Obstet 
Gynecol . Apr 2007;196(4):333.e1–e4. 

  39. Campbell S, Wilkin D. Ultrasonic measurement of fetal 
abdomen circumference in the estimation of fetal weight. 
 Br J Obstet Gynaecol . 1975;82:689. 

  40. Grandjean SH, Saraman MF, DeMouzo J, et al. Detec-
tion of gestational diabetes by means of excessive fetal 
growth.  Am J Obstet Gynecol . 1980;138:790–792. 

  41. Houchang D, Modanlou ND, Komatsu G, et al. Large-
for-gestational-age neonates: Anthropometric reasons for 
shoulder dystocia.  Obstet Gynecol . 1982;60:417–423. 

  42. Boney CM, Verma A, Tucker R, et al. Metabolic syndrome 
in childhood: association with birth weight, maternal 
obesity, and gestational diabetes mellitus.  Pediatrics . Mar 
2005;115(3):e290–e296. 

  43. Olson C.  Diagnosis and Management of Diabetes Mellitus . 
2nd ed. New York: Raven Press; 1985:181. 

  44. Hanna FW, Peters JR. Screening for gestational diabe-
tes; past, present and future.  Diabetic Medicine . May 
2002;19(5):351–358. 

  45. Burrow GN. Thyroid diseases. In: Burrow GN, Ferris TF, 
eds.  Medical Complications During Pregnancy . 3rd ed. 
Philadelphia: WB Saunders; 1988. 

  46. Fleischer AC, Killam AP, Boehm FH, et al. Hydrops 
 fetalis: Sonographic evaluation and clinical implications. 
  Radiology.  1981;141:163–168. 

  47. Creasy RK, Resnick R.  Maternal-fetal medicine: principles 
and practice . Philadelphia: WB Saunders; 1984:926. 

  48. Kelton JG, Cruickshauk M. Hematologic disorders of 
pregnancy. In: Burrows GN, Ferris TF, eds.  Medical 
 Complications During Pregnancy . 3rd ed. Philadelphia: 
WB  Saunders; 1988. 

  49. Genetics Home Reference. Berkowitz RL, Chitkara U, Gold-
berg JD, et al. Intravascular transfusion in  utero: The percu-
taneous approach.  Am J Obstet Gynecol . 1986;154:622–623. 
Accessed at http://ghr.nlm.nih.gov/50.  Accessed on 10/2010. 

  50. Seeds JW, Watson AB. Ultrasound-guided fetal intravas-
cular transfusion in severe rhesus immunization.  Am J 
Obstet Gynecol . 1986;154:1105–1107. 

  51. Gill RW. Doppler assessment in obstetrics and fetal physi-
ology.  Clin Diagn Ultrasound . 1984;13:131–147. 

  52. Warren PS, Gill RW, Fisher CC. Doppler fl ow studies in 
rhesus isoimmunization.  Semin Perinatol . 1987;11:375. 

http://ghr.nlm.nih.gov/50


 766 PART 2 — OBSTETRIC SONOGRAPHY

  80. Srisuphan W, Braken MB. Caffeine consumption dur-
ing pregnancy and association with late spontaneous 
 abortion.  Am J Obstet Gynecol . 1986;154:14–20. 

  81. Landon MB, Gabbe SG, Mullen JL. Total parenteral nutri-
tion during pregnancy.  Clin Perinatol . 1986;13:57–72. 

  82. Treharne L. Obesity in pregnancy. British Medical Journal. 
1984;4:127–138. 

  83. Rosett HL, Weinger L.  Alcohol and the Fetus: A Clinical 
Perspective . New York: Oxford University Press; 1984. 

  84. Ruges S, Anderson T. Obstetric risks in obesity: An 
analysis of the literature.  Obstet Gynecol Surv . 1985;
40:57. 

  85. Niebyl JR. Genetics and teratology, drug use in pregnancy. 
In: Pitkin R, Zlatnik F, eds.  1984 Year Book of Obstetrics and 
Gynecology . Chicago: Year Book Medical Publishers; 1984. 

  86. Presbitero P, Somerville J, Stone S, et al. Pregnancy in 
cyanotic congenital heart disease: Outcome of mother and 
fetus.  Circulation . 1994;89:2673–2676. 

  87. Koren A, Edwards MB, Miskin M. Antenatal sonography 
of fetal malformation associated with drugs and chemi-
cals: A guide.  Am J Obstet Gynecol . 1987;156:79–85. 

  73. Beckman DA, Brent RL. Mechanism of known environ-
mental teratogens: Drugs and chemicals.  Clin Perinatol . 
1986;13:649–687. 

  74. Wladimiroff JW, Stewart PA, Reuss A, et al. The role of 
ultrasound in the early diagnosis of fetal structural defects 
following maternal anticonvulsant therapy.  Ultrasound 
Med Biol . 1988;14:657–660. 

  75. Chasnoff IJ, Burns WJ, Schnolls, H et al. Cocaine use in 
pregnancy.  N Engl J Med . 1985;313:666. 

  76. Chavez GF, Mulinare J, Cordero JF. Maternal cocaine use 
and the risk for genitourinary tract defects: An epidemio-
logic approach.  Am J Hum Genet . 1988;43(Suppl):A43. 

  77. Cherukuri R, Minkoff H, Feldman J, et al. A cohort study 
of alkaloidal cocaine (“crack”) in pregnancy.  Obstet 
 Gynecol . 1988;72:147–151. 

  78. Di Franza JR, Lew RA. Effect of maternal cigarette smok-
ing on pregnancy complications and sudden infant death 
syndrome.  J Fam Pract . 1995;40:385–394. 

  79. Meyer MB, Tonascia JA. Maternal smoking,  pregnancy 
complications and perinatal mortality.  Am J Obstet  Gynecol . 
1977;128:494–502. 



  767

 KEY TERMS 

 puerperium  |  puerperal infection  |  postpartum ovarian vein thrombophlebitis  |  
placental accreta  |  placental increta  |  placental percreta  |  retained products of 
conception  |  uterine atony  |  endometritis 

 Involution Reduction of an organ to its normal 
 appearance and size 

 Intravenous pyelogram (IVP) Radiographic images 
of the kidneys, ureters, and bladder after injection of a 
radiopaque dye 

 Nephrolithiasis Stones within the kidney 

 Thrombophlebitis Formation of a blood clot due to 
infl ammation 

 Venogram Radiographic examination of the vein 
 performed after injection of a radiopaque contrast 
 medium 

 GLOSSARY 

 Atony Lack of normal muscle tone 

 Chorioamnionitis Infl ammation of the amnion and 
chorion due to a bacterial infection 

 Coagulopathy Defect in the body’s clotting mechanism 
resulting in bleeding 

 Decidua basalis Portion of the uterine lining that forms 
the maternal portion of the placenta 

 Emboli Moving particle, such as thrombosis or air, 
within the bloodstream 

 Hematoma Collection of blood outside the vessels 

 Hysterectomy Removal of the uterus 

 OBJECTIVES 

 Describe changes in the uterus, ovaries, and ligaments after delivery 

 Explain normal postpartum physiology 

 Recognize the sonographic appearance of the normal and abnormal 
postpartum uterus 

 Differentiate between placenta accreta, increta, and percreta 

 Identify causes and sonographic appearance of puerperal infections 

 Summarize postpartum ovarian vein thrombophlebitis fi ndings 

 List cesarean section complications 

  30 The Postpartum Uterus 
 Dea Shatterly 

 The postpartum period may also be called the puer-
perium. This is the period of time extending from im-
mediately following the expulsion of the placenta and 
uterine contents to 6 to 8 weeks after birth or whenever 
the uterus regains its prenatal shape. 1  There are sev-
eral reasons to perform a sonogram of the uterus in 
this period, with the most common being (1) postpar-
tum hemorrhage; (2) searching for causes of puerperal 
infection; (3) evaluation for postpartum ovarian vein 
thrombophlebitis, and (4) complications arising from 
cesarean section such as hematomas and abscesses at 
the site of incision. 

 NORMAL POSTPARTUM ANATOMY 
AND PHYSIOLOGY 
 Physiologic and biochemical changes occur in the post-
partum period because of the withdrawal of pregnancy-
induced hormones. This causes the uterus to return 
or involute back to its prepregnancy state. Discontinu-
ance of lactation results in ovulation and menstruation 
 resuming. 

 Immediately after delivery, the uterus is heavy and 
bulky. Contraction and involution results in the uterus 
resuming the prepregnancy shape and position into 
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to image the internal os on day one as partially open 
and ill-defi ned as it continues to close following de-
livery. The myometrium should be homogenous and 
pretty well delineated with measurements from 7 to 
10 c entimeters (cm) in total thickness. Due to uterine 
hypervascularity during pregnancy, it is common to 
visualize myometrial vessels in the postpartum two- 
dimensional (2D) and Doppler exam. The endometri-
um is thickened initially (up to 13 millimeters [mm] 
by some reports), but it should decrease to a normal 
thickness (3 to 8 mm) by the end of the postpartum 
period. 1  Free fl uid in the endometrial cavity is a com-
mon fi nding, as blood and other substances slough off 
from the uterine cavity following birth. 1  These should 
not measure greater than 1.2 to 1.4 cm. 

 The uterus in longitudinal/sagittal imaging can mea-
sure from 14 to 25 cm as it shrinks to its prenatal size. 
If imaging in the very early stages of the postpartum pe-
riod, the uterus may need to be measured in increments 
and added up to get a total length. The transverse/coro-
nal width of the uterus can range from 7 to 14 cm. These 
measurements need to be done at a right angle to the 
longitudinal or sagittal plane where measurements were 
taken. There are several causes of erroneous measure-
ments. These include (1) heavy external pressure dur-
ing transabdominal imaging; (2) differing measurement 
sites; (3) uterine contractions; and (4) the amount of 
bladder distention that can affect the distance between 
the uterine fundus and the internal os (Fig. 30-1). 

 The adnexal ligaments of the postpartum patient are 
typically fl accid immediately following delivery, usually 
returning to their pregravid states within a month. It is 
important to recognize the broad ligament as a normal 
structure and not pathology. The ovaries should remain 
the same during pregnancy except for a few more cysts 
in the fi rst trimester. As such, they should be imaged 
and recognized readily in the postpartum period. 

the pelvic area between the symphysis pubis and the 
 umbilicus. Except in cases of diffi cult or assisted deliv-
ery, such as forceps or large infant size, this involution 
typically occurs within 1 week of delivery. Sonography 
is not usually used during the puerperium period un-
less there are extenuating circumstances such as exces-
sive bleeding, pain, or C-section deliveries. Bimanual 
exams or external exams done by the clinician can usu-
ally  determine if the uterus has returned to the prepreg-
nancy state. 

 SCANNING TECHNIQUES 
 When selecting a transducer, the sonographer needs to 
select the one with the highest frequency possible while 
still penetrating the structures and tissues beneath the 
skin surface to elicit adequate resolution. In most facili-
ties, the transducer used most frequently is a curvilinear 
or vector-shaped transducer in the 2.5 to 5 megahertz 
(MHz) range. If needed, an endovaginal transducer can 
also be used with frequencies typically ranging from 5 
to 8 MHz. Imaging of the pelvic structures requires a 
full bladder using the transabdominal approach. The 
bladder also pushes the gaseous bowel structures supe-
rior to the uterus. By adjusting the overall gain and time 
gain compensation (TGC), the sonographer  adjusts 
brightness differences resulting from tissue attenuation 
or bladder enhancement. A thorough examination of 
the uterus includes the ovaries and other pelvic struc-
tures from both longitudinal and transverse planes from 
the transabdominal approach. Endovaginally, the pel-
vic organs can be studied on the sagittal and coronal 
planes. The combination of these imaging techniques 
provides an overall picture of the pelvic structures. A 
translabial or transperineal approach with sterile gel 
and a 2.5 to 5 MHz transducer visualizes the incision 
area of C- section patients who cannot tolerate trans-
abdominal imaging. For these types of imaging, place 
the patient in the same position as for an endovaginal 
exam, placing the transducer adjacent to the labia. 

 It is also essential to remember to use a lighter pres-
sure than when imaging the nongravid uterus, as a 
heavier pressure compresses the uterus, “thinning” the 
anteroposterior (AP) size and increasing the transverse 
dimension. Remember that these patients may have 
pelvic pain or tenderness, so the sonographer needs to 
keep patient comfort and pain tolerance in mind. 

 SONOGRAPHIC APPEARANCE OF 
NORMAL POSTPARTUM ANATOMY 
 Because of the enlarged nature of the postpartum uter-
us, bimanual or external exams may be inadequate to 
evaluate the uterus. Sonography provides dependable 
measurements of the uterus and ovaries along with any 
other pathology during initial and follow-up exams. 

 The postpartum uterus assumes various shapes dur-
ing its involution to its nongravid state. It is common 

Figure 30-1 This postpartum uterus demonstrates a thick endome-
trium (arrows) within a large bulky uterus. (Image courtesy of Philips 
Medical Systems, Bothell, WA.)
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 • Placenta percreta—Occurs when the placenta 
completely penetrates the uterine myometrium 
and extends into the uterine serosa. 3  

 All of these conditions are due to problems with the 
decidua basalis—either complete or partial absence of 
it. 8  Sonography helps identify the multiple intraplacen-
tal lakes that are indicators of placental invasion of the 
myometrium. 3,8  These are thought to be caused by atyp-
ical blood fl ow due to the abnormal decidua basalis. 
Rarely, antepartum rupture of the uterus occurs causing 
emergency delivery and hysterectomy. 

 Acute hemorrhage is severe bleeding immediately 
following delivery—usually resulting in emergency hys-
terectomy. 8  Delayed hemorrhage is bleeding that occurs 
over several days to a few weeks in the postpartum pe-
riod. All of the following are associated with postpartum 
hemorrhage: decreased hematocrit, hypotension, hys-
terectomy, renal failure, shock, and sometimes death. 

 PUERPERAL INFECTION 
 Puerperal infection is any infection in the postpar-
tum period characterized by a temperature over 
100.4°F/38°C on any two successive days after the 
fi rst 24 hours postpartum. 4  Uterine tenderness (not “af-
terpains”) is usually the fi rst sign of infection. 6  Other 
signs and symptoms include chills, headache, malaise, 
and anorexia. 4  The uterus is typically soft, tender, and 
large. Lochia, or vaginal discharge, may be diminished 
or it may be profuse and odorous. 4  Most puerperal in-
fections are urinary tract infections, but they can also 
be breast infections, thrombophlebitis, or endometritis. 

 Endometritis is defi ned as infection of the 
 endometrium—usually caused by migration of normal 
vaginal fl ora, which may result in postpartum bleed-
ing. 13  Other causes include premature rupture of mem-
branes, retained products of conception and prolonged 

 POSTPARTUM HEMORRHAGE 
 The defi nition of postpartum hemorrhage is a blood loss 
of greater than 500 milliliters (ml) during the third stage of 
labor or immediately afterward in a vaginal delivery. 12  The 
cesarean delivery requires greater than a 1,000 ml loss to 
classify as having postpartum hemorrhage. 12  There are 
several causes of postpartum hemorrhage. The most com-
mon are conditions where the placenta has failed to attach 
properly to the myometrium of the uterus. Three terms 
describing the depth of the placental penetration are: 

 • Placenta accreta—Occurs when the placenta ad-
heres to the myometrium of the uterus instead of 
the endometrium. Patients with a history of prior 
cesarean section 3  or women with other conditions 
causing uterine scarring are at increased risk for pla-
centa accreta. According to Rumack, over 30% 2  of 
placenta accretas are associated with placenta pre-
via. 3  This condition is not always found with sonog-
raphy, especially if the defect is small (Fig. 30-2). 

 • Placenta increta—Occurs when the placenta in-
vades the myometrium of the uterus further than 
is seen with accreta. 3  

PATHOLOGY BOX 30-1

Ranges of Normal Sonographic Postpartum 
 Measurements21–26

 Dimensions 
Structure (centimeters)

Anteroposterior thickness
Endometrium 0.4–1.3
Myometrium 3.0–6.5
Uterus 7.0–10.0
Length (sagittal measurement) 14.5–25.0
Width (transverse measurement) 7.0–14.0

A B
Figure 30-2 Uterine accreta. A: Sagittal, midline endovaginal image of early pregnancy accreta. B: Transverse image of the same uterus. 
( Image courtesy of Philips Medical Systems, Bothell, WA.)
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and RPOC have very similar appearances sonographi-
cally (Fig.  30-4). 

 Uterine atony is one of the most frequent causes of 
postpartum hemorrhage. 9,10,12  Atony is when the uterus 
fails to reach pregravid tone and becomes fl accid and un-
able to hold its shape. A woman has an increased risk of 
developing atony with a multifetal pregnancy, macrosomy, 
prolonged labor, more than fi ve term pregnancies, rapid 
labor, polyhydramnios, and chorioamnionitis. 12  Coagulop-
athy is also common in the postpartum period. Clotting is 
the natural reaction to bleeding; however, when the clot 
dislodges, hemorrhage occurs at the adherence site. 

 POSTPARTUM OVARIAN VEIN 
THROMBOPHLEBITIS 
 Thrombophlebitis by defi nition is the infl ammation of 
a vein caused by a thrombus found in the lumen of 
the vessel. Postpartum ovarian vein thrombophlebitis 
(POVT) is a rare condition found typically in the post-
partum period but can also occur with malignancies 
and pelvic infl ammatory disease. 14  This rare, potentially 
life-threatening complication has a reported incidence 
from 1:600 to 1:2,000, with an increased number fol-
lowing cesarean deliveries. 14,16,17  The pathogenesis of 
POVT relates to Virchow’s triad: (1) hypercoagulability 
of blood during pregnancy and the postpartum period; 
(2) venous stasis; and (3) venous wall damage as a re-
sult of uterus expansion and contraction. 7,15  

 The majority of cases of POVT involve the right ovar-
ian vein (80% to 90% in some literature). 5,15  This is 
thought to be due to the acute angle at which the right 
ovarian vein enters the IVC. Retrograde fl ow in the left 
ovarian vein reduces the spread of infection from the 
uterus. 5,15  The vein enlarges during pregnancy to accom-
modate the increased amount of blood fl ow. During the 
postpartum period the body decreases blood production, 
resulting in venous stasis. Incompetent valves in the 
ovarian vein is a possible cause for this venous stasis. 

labor. 4  Vaginal delivery after a C-section increases the 
incidence of endometritis. 4,5  The sonographic appear-
ance of endometritis is that of a thick, irregular endo-
metrium that may have fl uid in the endocervical canal. 5  
Some reports have also noted gas in the endometrial 
canal; however, up to 3 weeks postpartum, some gas in 
the endocervical canal is a normal  fi nding. 1,5  

 Another reason for postpartum hemorrhage is re-
tained products of conception (RPOC). 5,12  This con-
dition is characterized by incomplete expulsion of 
 miscellaneous products of conception during labor 
and delivery. Retained products of conception can also 
cause infection. The sonographic appearance is that 
of a highly echogenic mass in the endometrial canal. 2  
Remnants of placental tissue, called a placental polyp, 
are due to incomplete placental expulsion from the 
uterus (Fig.  30-3). 20  A  heterogeneous mass may con-
tain necrotic tissue, clot, or infection. 5  Endometritis 

A B
Figure 30-3 A: A placental polyp and associated vascular supply. Hysteroscopic resection was successful with resumption of normal 
 menstruation. B: Another placental polyp.

Figure 30-4 This is an image of a patient after an elective termina-
tion. Retained products of conception image as a hyperechoic mass 
within an irregularly shaped uterus. Artifacts (arrows), possibly due to 
air, create a characteristic comet-tail type artifact. (Image courtesy of 
GE Healthcare, Wauwatosa, WI.)
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heart or lungs and causing pulmonary emboli or death. 
Follow-up imaging studies help in monitoring thrombus 
resolution. Antibiotics may also be given. 14–17  

 CESAREAN SECTION 
COMPLICATIONS 
 The Centers for Disease Control and Prevention (CDC) 
reported that, in 2007, cesarean section deliveries ac-
counted for up to 31.8% of all deliveries in the United 
States, increasing by 50% in the last decade. Tradition-
ally, the incision was performed vertically or longitudi-
nally along the long axis of the uterus. 5  In an effort to 
increase vaginal deliveries following cesarean sections, 
most facilities are now employing a transverse incision. 
This incision may be anechoic to hypoechoic sonograph-
ically, depending on how the local tissue reacts to the 
surgery. Common complications of cesarean sections 
are hematomas at the site of incision and  infection. 5  

 HEMATOMAS 

 During a cesarean section, the surgeon typically incises 
the peritoneum between the urinary bladder and the 
uterus to access the lower uterine segment. This poten-
tial space is referred to as the bladder fl ap and is the 
site of most hematomas found after cesarean s ections. 5  
Hematomas occur when there is bleeding at the site of 
incision and the body has not reabsorbed the blood. 
Hematomas found in the bladder fl ap region are sono-
graphically anechoic with ill-defi ned borders 5  that range 
in size from very small (less than 1 cm) to very large 
(greater than 15 cm). Sometimes, these appear as com-
plex masses because of the blood components clotting 
or internal septations or debris within the  hematoma. 19  
A high-frequency transducer is sometimes needed to 
adequately visualize the structure and internal compo-
nents completely (Fig. 30-6). 

 SYMPTOMS 

 Because the symptoms of POVT are similar to those of 
other disease processes, it can be diffi cult to diagnose 
based on clinical manifestations alone. The most com-
mon signs and symptoms of POVT include pelvic pain, 
fever, and right-sided pelvic mass. 11,17  One possible 
cause is the spread of bacterial infections from the uter-
us. Less commonly, the patient may experience nausea, 
vomiting, fl ank pain, groin pain, or even bowel ileus. 
Typically, the patient experiences these symptoms dur-
ing the fi rst 48 to 96 hours following delivery. 16  

 DIAGNOSIS 

 The diagnosis of POVT has improved dramatically with 
the availability of computed tomography (CT), magnet-
ic resonance imaging (MRI), and sonography. 17  Prior to 
the increased availability of these modalities, POVT was 
commonly diagnosed with intravenous pylograms (IVP) 
or venograms. Because of its ability to demonstrate 
the entire ovarian vein, CT is the preferred diagnostic 
 method for POVT. 11,14  Sonographically, POVT images 
as a dilated anechoic to hypoechoic tubular structure 
extending superiorly from the adnexa (Figs. 30-5 and 
6-19). 18  A typical fi nding is a lack of a color or spec-
tral Doppler signal; however, echogenic thrombus in the 
lumen confi rms the presence of thrombus. 18  Extension 
into the inferior vena cava (IVC) indicates propagation 
of the clot. 17  The thrombus also may image as a mass 
between the uterus and the psoas muscles, but the most 
common site for POVT is where the IVC and the right 
ovarian vein meet. Differential diagnosis of POVT in-
cludes appendicitis, fi broids, nephrolithiasis, ovarian 
torsion, and tubo-ovarian abscess requiring demonstra-
tion of thrombus in the ovarian vein to prove POVT. 14–17  

 TREATMENT 

 Treatment of POVT is usually through intravenous (IV) 
therapy of anticoagulants such as heparin and blood 
thinners like warfarin. 18  Some patients benefi t from 
IVC fi lters to keep the embolus from traveling into the 

Figure 30-5 Varicosities (v) surrounding the right ovary (RO).

Figure 30-6 Dual image demonstrating the complex appearance of 
a resolving hematoma. (Image courtesy of Philips Medical  Systems, 
Bothell, WA.)
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 SUMMARY 
 • Placenta accreta, increta, and percreta are abnormal 

placental penetration of the myometrium, which may 
lead to postpartum bleeding. 

 • Endometritis is an infection of the endometrium that 
may extend to the myometrium and parametrial tissues. 

 • RPOC and endometritis have a similar sonographic 
appearance. 

 • Failure of the uterus to contract (atony) can lead to 
hemorrhage. 

 • POVT occurs more often in the right ovarian vein 

 • Hematomas and infection are two complications of a 
cesarean section. 
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 INFECTIONS 

 Infections following cesarean sections may be caused 
by factors such as long operation time, endometritis, 
contamination of amniotic fl uid entering the incision, 
and pre-existing infections. Any time a patient pre-
sents with fever following a cesarean section, infection 
must always be a suspicion. Infections can  develop 
in the abdominal wall or uterine wall following ce-
sarean section. Abscesses may also develop along the 
incision line. These complications may have a variety 
of appearances, including anechoic, cystic, complex, 
and with or without defi nite margins. CT may help 
give a better overall appearance to help with diagnosis 
(Fig.30-7). 

Figure 30-7 Complex appearance of a postsurgical abscess. (Image 
courtesy of Philips Medical Systems, Bothell, WA.)

A patient presents to the department 2 weeks after 
delivering her fi rst child. She had an  uncomplicated 
pregnancy and delivery. Her complaints are of 
bleeding, low-grade fever, and general malaise. 
On clinical exam she complained of a tender 
uterus. The pregnancy test was negative and there 
was no evidence of infection on her urinalysis. 
List the differentials for the patient’s signs and 
 symptoms. What sonographic fi ndings would aid in 
 establishing a diagnosis?
ANSWER: The patient’s complaints and clinical 
 fi ndings could fi t with endometritis, RPOC, or uterine 
atony. Endometritis and RPOC both  demonstrate a 
thick, irregular endometrium. Uterine atony  usually 
occurs with a history of multiple gestations,  prolonged 
labor, or prenatal infection. This patient is a primi-
gravida with a normal pregnancy, so this is the least 
likely cause of her problems. Due to the similarity 
between endometritis and RPOC, it is diffi cult to sepa-
rate these two entities during the sonographic exam.

Critical Thinking Question
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KEY TERMS

 amniocentesis  |  chorionic villus sampling  |  percutaneous umbilical blood sampling 
(PUBS)  |  coelocentesis  |  cordocentesis  |  fetal therapy  |  mutifetal 

OBJECTIVES

 Defi ne amniocentesis, chorionic villi sampling (CVS), and percutaneous umbilical 
blood sampling (PUBS) 

 List the indications for amniocentesis, CVS, fetal tissue sampling, and endovaginal 
procedures 

 Determine the correct gestational age to perform a genetic amniocentesis or CVS 
sampling 

 Describe the procedure for performing amniocentesis and CVS 

 Summarize the procedure for performing an amniocentesis or pregnancy reduction 
with a multifetal pregnancy 

 Explain the differences between a transcervical and transabdominal technique of CVS 

 List invasive procedures that obtain tissue or blood samples from the fetus 

Recall ultrasound-guided endovaginal invasive procedures

 31  Interventional Ultrasound
Sanja Plavsic Kupesic

GLOSSARY

 Advanced maternal age (AMA) Woman 35 years of 
age or older 

 Amniocentesis Sampling of amniotic fl uid 

 Chorionic villus sampling (CVS) Sampling of chorionic 
villus of the placenta 

 Coelocentesis Early sampling of the exocoelomic 
 cavity fl uid via placenta free areas 

 Mutifetal More than one fetus 

 Percutaneous umbilical blood sampling (PUBS, aka 
cordocentesis) Sampling of fetal blood via the umbili-
cal cord 

 Petri dish Round dish used to culture fetal tissue or 
cells 

 Transcervical Through the cervix 

 Amniocentesis and chorionic villus sampling (CVS), 
the two most common clinical techniques for obtaining 
living fetal cells or fetal cell products from the  pregnant 
uterus for prenatal diagnosis, are heavily dependent on 
the use of ultrasound. Percutaneous umbilical blood 
sampling (PUBS), also known as cordocentesis, 1  is an-
other technique requiring the use of ultrasound to ob-
tain fetal cells, but this technique carries a much higher 
procedure-related risk than either amniocentesis or 
CVS. PUBS is performed by carefully inserting a long, 
fi ne-gauged needle under ultrasound guidance through 
the skin, subcutaneous tissues, peritoneum, uterus, 
and amniotic sac of the mother’s abdomen and tapping 

one of the fetal umbilical vessels directly for microliter 
amounts of fetal blood to analyze. This procedure has a 
higher risk for complications and is therefore reserved 
for special indications and special analyses such as in 
later-stage  pregnancies needing chemical assays or rap-
id blood cell cultures for chromosome studies requiring 
fetal blood. 

 The ever-increasing number of genetic disorders now 
diagnosed prenatally, particularly using DNA technol-
ogy, has brought amniocentesis and CVS into the realm 
of everyday medical practice. Patient awareness of the 
invasive procedure benefi ts and limitations, as well as 
the complication rates, becomes imperative. Genetic 
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amniocentesis. However, the President’s Commission 
for Study of Ethical Problems in Medicine and Biomedi-
cal and Behavioral Science, which convened in 1983, 
recommended reexamination of the eligibility criteria 
for genetic amniocentesis so that women of all ages 
might benefi t from this procedure, if they chose. 11  

 Increased diagnostic accuracy, decreased risk of com-
plications, and publicity on television and other mass 
media have increased the acceptability of amniocente-
sis among most populations of the world. The reported 
risk of complications has been 0.5%, and in centers 
performing this procedure regularly with well-trained 
personnel, the actual procedure-related complication 
rate is less than 3 per 1,000 procedures. 12  

 The number of requests for amniocentesis and for 
CVS has escalated signifi cantly during the last decade, 
with the advent of newer DNA technology and the 
identifi cation of an increasing number of chromosomal 
disorders detectable by molecular genetics methods. 

 INDICATIONS FOR AMNIOCENTESIS 

 Maternal age-related chromosome abnormality risk 
increases after the age of 35, commonly resulting in 
the performance of the genetic amniocentesis. This cat-
egory accounts for 65% to 80% of requests for pre-
natal diagnosis. 13,14  Women whose maternal serum 
alpha-fetoprotein (MSAFP) screening results are either 
elevated or decreased below the median values for the 
general population comprise the second largest group 
of requests, accounting for 10% to 15% of the total. 
Leek and colleagues in 1972 fi rst described the asso-
ciation between abnormally high levels of MSAFP and 
neural tube defects, whereas MSAFP values below the 
mean levels for a given gestational age have been as-
sociated with an increased risk for fetal chromosomal 
trisomy. 15,16  

 Alpha-fetoprotein (AFP) is a serum protein found 
normally in the fetal circulatory system and produced by 
the fetal liver. Circulatory obstruction of amniotic fl uid 
results in protein accumulation in the amniotic fl uid, 
which subsequently appears as an increase in maternal 
blood serum. Other conditions associated with MSAFP 
elevations include multiple pregnancy, fetal demise, 
and a number of other fetal abnormalities. 17  MSAFP 
levels, as well as amniotic fl uid AFP levels, change at 
different stages of gestation. The AFP level evaluation 
includes normalization in relation to the specifi c gesta-
tional age. An MSAFP value in excess of 2.5 times the 
mean for that gestational age is suspect. The currently 
accepted protocol for screening recommends an ultra-
sound examination to confi rm gestational age and to 
determine the presence or absence of multiple pregnan-
cies or other ultrasound-detectable abnormalities. The 
failure to determine correctly the gestational age may 
lead to incorrect interpretation of the MSAFP results. 
Careful ultrasound examination discloses neural tube 

counseling sessions provide the opportunity to impart 
this information to the patients and their families. 

 Genetic counseling has been described as a com-
munication process by which the occurrence and the 
risk of recurrence of a genetic disorder within a fam-
ily is discussed. 2  In fact, it is more than this: the ge-
netic counselor provides the patient or the family with 
current relevant facts concerning a genetic disorder, 
including the risks involved in diagnosis and the avail-
able treatment options. 2,3  

 Manipulations of the pregnant uterus and the devel-
oping fetus are highly charged emotional issues with 
moral and ethical overtones that need to be addressed 
with each patient. Thorough discussion of the proce-
dures and patient questions meet the current standards 
of care in prenatal medical diagnosis. A team approach 
becomes useful, usually involving not only the obstetri-
cian but also a genetic counselor, a sonographer, and 
appropriate surgical and medical specialists. 

 AMNIOCENTESIS 
 “Amniocentesis,” derived from Greek, means “punc-
ture of the amniotic sac.” The amnion and the chorion, 
the two major membranous structures surrounding 
and protecting the developing fetus within the uterus 
throughout pregnancy, develop from the same fertilized 
ovum, as does the fetus. Birth signals the end of the 
placenta and membrane functions, resulting in expul-
sion of the tissues. 

 HISTORY 

 In 1881, Lamble and Schatz fi rst described the amnio-
centesis procedure as a method for relieving intrauter-
ine pressure resulting from abnormal accumulation of 
amniotic fl uid. 4,5  Parvey, who was one of the fi rst to 
report successful management of acute hydramnios 
with abdominal puncture, credits Bumm as the fi rst 
to have attempted this procedure, as early as 1900. 6,7  
Objections to the blind insertion of a needle into the 
pregnant uterus included possible injury to the fetus, 
damage to the placenta, uterine hemorrhage, infection, 
and interruption of the pregnancy. These objections 
were apparently suffi cient to discourage further prog-
ress until Bevis showed that certain characteristics of 
amniotic fl uid had diagnostic and prognostic value for 
hemolytic disease of the newborn. 8  Walker and later 
Liley were able to demonstrate the relative safety of the 
procedure by performing serial amniocenteses on one 
patient without incident. 9,10  Sonographic guidance now 
images the amniocentesis needle during the procedure, 
eliminating previously encountered complications of 
the procedure; however, some inherent risks remain. 

 Advanced maternal age (AMA) or a history of a 
child with a specifi c birth defect originally resulted in 
the recommendation to perform a prenatal diagnostic 
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1% in the case of a previous child with a chromosomal 
defect not found in the parents to 25% in the case of 
an autosomal recessive biochemical defect such as Tay-
Sachs disease or cystic fi brosis to 50% (for male chil-
dren) in X-linked  muscular dystrophy. 

 TIMING OF AMNIOCENTESIS 

 The optimal time to perform the genetic amniocentesis 
is between the 14th and 20th gestational weeks. Ade-
quate fl uid volume allows for obtaining useful samples 
with minimal threat to the fetus, and suffi cient num-
bers of viable amniocytes are present to obtain a timely 
result. Furthermore, the sonographic fetal anatomy has 
increased defi nition at this gestational age, permitting 
easier detection of abnormalities. 

defects as the cause for MSAFP elevation in almost all 
cases (Figs. 31-1–2).   

 A varying but steadily growing number of well- 
informed patients, who are at no specifi c risk category but 
are overly concerned about the possibility of an abnor-
mal pregnancy outcome, is asking to be tested. Maternal 
anxiety has therefore become a recognized indication for 
prenatal genetic diagnosis regardless of maternal age. 

 Women who have delivered children with chromo-
somal defects or metabolic disorders in the past are also 
recommended for genetic amniocentesis. More than 100 
metabolic disorders and an escalating number of DNA 
fetal defects are now detectable biochemically during 
the course of the prenatal period. The recurrence risks 
of genetic abnormalities depend on the mode of inheri-
tance. The chances for recurrence range from less than 

C D

A B

 Figure 31-1 The patient presenting with a markedly elevated level of serum alpha-fetoprotein often leads to a sonographic examination of 
the fetus.  A:  Possible malformations include a myelomeningocele  (arrow)  extending posteriorly from the spine (Sp), in addition to  (B)  ven-
tricularmegaly (V), and a positive “lemon” sign of the fetal skull ( arrows ).  C:  Radiographs demonstrate a soft tissue mass extending  (arrows) . 
 D:  A meningomyelocele. (Images A & B courtesy of Philips Medical Systems, Bothell, WA.) 
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of cells to obtain a result. Biochemical (enzyme) de-
fects such as galactosemia, Gaucher disease, Niemann-
Pick disease, phenylketonuria, and Tay-Sachs disease, 
to name just a few, are usually diagnosed sooner than 
chromosome culture analyses can be completed. Diag-
nosis within hours after specimen collection became 
possible with the advent of molecular probes for detect-
ing DNA defects. This procedure helps in the diagnosis 
of many biochemical defects such as those mentioned 
previously, as well as diseases like cystic fi brosis, Duch-
enne muscular dystrophy, Prader-Willi syndrome, and 
the hemoglobinopathies. 

 To deal with problems of terminating pregnancies 
that have gone beyond the legal limit, particularly when 
a malformed fetus is an issue, many institutions have 
appointed ethics committees to evaluate each situation 
individually. The committee is composed of nonprofes-
sionals, clergy, nonmedical, and medical professionals. 
They hear the evidence, evaluate the case, and make 
recommendations regarding these critical issues. In 
some cases, the legal abortion of the anencephalic fetus 
has occurred after 28 weeks of pregnancy. 19  

 PROCEDURE FOR ULTRASOUND-GUIDED 
AMNIOCENTESIS 

 After genetic counseling and completion of the in-
formed consent process, ideally done days or weeks 
before the performance of the procedure, scheduling of 
a simultaneous ultrasound and amniocentesis occurs. 
Amniocentesis is an outpatient procedure and is per-
formed in the ultrasound laboratory in accordance with 

 Prenatal diagnosis attempts to obtain results as early 
in pregnancy as possible, but performing amniocentesis 
earlier than 14 weeks has been shown to signifi cantly 
increase the risk for pregnancy loss. 18  Technically, am-
niocentesis can be safely performed at any time in the 
second and third trimesters; the deadline is related 
more closely to individual state legal restrictions for 
pregnancy termination than to any other factor. 

 The amniocentesis for determining fetal maturity is 
through the lecithin to sphingomyelin ratio (L/S ratio). 
The severity of erythroblastosis (by optical density 
measurements of the amniotic fl uid) is another mea-
surement obtained during this stage of pregnancy. The 
problems of amniocenteses performed after 20 weeks 
increase because of cell culture diffi culties, resulting in 
an unsuccessful procedure. Because of this problem, it 
is not recommended to perform an amniocentesis in 
the late second or third trimesters. 

 The legal limit for elective termination of pregnancy 
is determined by each country, and even by state (Unit-
ed States) or province (Canada), varying from 12 to 24 
weeks of gestation. The timing of genetic amniocente-
sis must therefore allow for completion of all laboratory 
testing, permitting the option of legal pregnancy termi-
nation to those who might choose this alternative for a 
nonlethal birth defect. The average waiting period for 
the results (i.e., detecting abnormalities in chromosome 
number such as trisomy 21 [Down syndrome], chromo-
some monosomy such as Turner syndrome, or chromo-
some structural rearrangements, translocations, dele-
tions, insertions, etc.) is 7 to 10 days. In some cases, 
3 weeks may be required to grow a suffi cient number 

A B
 Figure 31-2  A:  Cystic hygroma extending from the posterior fetal neck identifi ed on sonographic examination. (Image courtesy of Philips 
Medical Systems, Bothell, WA.)  B: . A large, soft cervical mass (cystic hygroma) in a 9-month-old. Tracheostomy was placed at birth. (Image 
courtesy of Ellen Deutsch, MD.) 
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abdominal circumference, head circumference, 
and binocular (interorbital) distance 

 5. Assessment of the following anatomic structures: 
the cerebral ventricles, fetal heart (four-chamber 
view), stomach, urinary bladder, umbilical cord 
insertion, number of cord vessels, kidneys, spinal 
column, and limbs 

 6. Location of the optimal fl uid pocket for amnio-
centesis 

 7. Evaluation of the fetal heart rate before and after 
the procedure 

 The procedure begins with draping of the operative 
site with sterile towels. Observation of strict  sterile pre-
cautions reduces infection-related complications after 
amniocentesis. The ultrasound transducer is coated 
with regular transmission gel and held by an assistant as 
the physician covers the transducer with a sterile plastic 
bag. 21  Under sonographic visualization, a 3.5-inch long, 
20-gauge, sterile, disposable spinal needle with a sty-
let is used to enter the amniotic sac. The sonographic 
image allows visualization of needle progress through 
the tissue layers. The beveled tip of the needle images 
as a bright spot on the ultrasound screen, described as 
a “fl are.” 22  The amniocentesis site is thus documented 
with an image. During the insertion procedure, exercise 
extra caution while directing the needle tip into the am-
niotic sac. It must be remembered that the ultrasound 
image of the needle position can be grossly distorted, due 
to refraction and reverberation artifacts, when viewed 
through fl uid versus solid tissue interfaces. 22  Ultrasound 
monitoring and amniocentesis can be performed simul-
taneously by the same operator (Figs. 30-3–4). 

 PATHOLOGY BOX 31-1 

 Indications for Invasive Procedures 

 Procedure 

Amniocentesis/CVS AMA
Elevated MSAFP
History of birth defects
Maternal metabolic disorders
Parental genetic disorder carrier
Abnormal sonographic fi nding

Fetal Blood sampling (PUBS, 
 intrahepatic vein sampling)
 • Rh sensitization
 • RBC disorders
 • Hemoglobinopathies
 • Platelet disorders
 •  Intrauterine congenital 

infections
 • Thyroid disease
 • Hydrops of unknown origin
 • Fetal blood grouping
 • Rapid karyotyping 
Transfusion therapy
 • Blood transfusion
 • Drug infusion
 • FFTS/TTTS laser treatment
Tissue sampling
 • Liver
 • Skin
 • Muscle
Multifetal pregnancy reduction

Endovaginal Oocyte retrieval
Ovarian cyst aspiration
Pelvis mass biopsy
Abscess drainage
Culdocentesis
Local treatment of ectopic 
 pregnancy
Embryo transfer
Tubal catheterization
Hysterosonography/HSG
IUCD position
Radiotherapy planning and 
 monitoring

the guidelines published by the American Institute of 
Ultrasound in Medicine (AIUM). 20  

 The sonographer should obtain the following infor-
mation before performance of the amniocentesis: 

 1. Number of fetuses, fetal position, and viability 
 2. Amniotic fl uid volume (normal, decreased, or in-

creased) 
 3. Placental location 
 4. Gestational age, by use of the following mea-

surements: biparietal diameter, femur length, 

 Figure 31-3 A genetic amniocentesis is usually performed at around 14 
to 20 weeks, obtaining amniotic fl uid, which contains fetal cells. Inser-
tion of the amniocentesis needle is under direct ultrasonic guidance. 
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dye into sac A colors the fl uid a bluish tint. A second 
amniocentesis is performed on twin B. Blue-stained 
fl uid withdrawn from the second sac indicates that ei-
ther a communication exists between the sacs, such 
as occurs with monoamniotic twins, or that the fi rst 
sac was reentered. Direct simultaneous visualization of 
the inserted needle’s progress with ultrasound helps to 
avoid reentry. Sampling of both fetal sacs is successful 
in  approximately 88% of twin pregnancies. If there are 
triplets, repeat the “blue dye procedure” once more af-
ter successful tapping of the second sac. 

 CHORIONIC VILLUS SAMPLING 
 CVS is one of the more recently developed techniques for 
safe, effective sampling of fi rst-trimester living tropho-
blastic tissue needed for genetic diagnosis. The tissue 
sampling allows the use of increasing number of tests for 
biochemical and molecular disorders of the fetus, as well 
as for fetal chromosomal abnormalities. The trophoblast, 
the tissue actually sampled, is one of the extraembryonic 
structures that develop from the fertilized egg, becoming 
the placenta as the pregnancy progresses. 

 HISTORY 

 In the pre-ultrasound era, the earliest investigators 25,26  
passed a rigid endoscope called a hysteroscope through 
the uterine cervix to obtain trophoblastic tissue for 
analysis. Chinese physicians used a metal cannula with 
no ultrasound guidance to aspirate tissue for sex deter-
mination. 27  Kazy and colleagues 28  were the fi rst to use 
ultrasound to guide a fl exible biopsy forceps into the 
uterus to obtain tissue under direct vision. An Italian 
group 29,30  deserves most of the credit for defi ning the 
risks and benefi ts of the procedure and for demonstrat-
ing the value of CVS in biochemical fetal tissue diag-
noses. Their results served to popularize the method 
and to stimulate further investigation of this procedure 
(Fig. 31-5). 

 To avoid contaminating the specimen with maternal 
cells, discard the fi rst few drops of fl uid after removal 
of the stylet. 23,24  The Luer-lock needle hub provides an 
attachment location to the 20-inch length of sterile, 
fl exible extension tubing. The opposite end of the tub-
ing attaches to a sterile 20-milliliter (ml) syringe. The 
extension tubing provides greater ease and stability for 
amniotic fl uid aspiration; alternatively, the syringe may 
attach to the needle hub without the use of tubing. Ap-
proximately 20 to 30 ml of amniotic fl uid is withdrawn 
and transferred into a sterile, properly labeled, conical 
tube for transport to the laboratory. After aspiration of 
the fl uid sample, the needle is withdrawn. Before pa-
tient discharge, there is a fi nal check of the fetal heart. 

 Maternal injection of 300 milligrams (mg) of anti-D 
IgG immediately after amniocentesis of the Coombs test 
negative Rh-negative mother prevents sensitization, 
which occurs with a Rh-positive fetus. 

 Centrifugation separates the amniocytes from the 
amniotic fl uid. A fl uid assay detects AFP or other bio-
chemical substances, and the cell cultures are used for 
karyotyping. 

 MULTIPLE PREGNANCIES 

 Ultrasound helps establish the gestational age, verify 
viability, and note the number and location of the fe-
tuses and placentas and also identifi es the presence of a 
membrane separating fetal compartments. In the event 
of diamniotic twins, each sac is identifi ed sonographi-
cally and labeled A or B according to its position in 
the mother’s abdomen. The easily identifi ed membrane 
seen separating diamniotic twin sacs helps in plan-
ning the strategy for tapping each sac. Though a twin 
pregnancy, each fetus’s biometric evaluation mirrors a 
singleton exam. 

 After removing the amniotic fl uid from the fi rst sac 
(twin A), an injection of 1 to 2 ml of indigo carmine 

 Figure 31-4 Amniotic fl uid specimen is withdrawn under sterile condi-
tions with a sterile plastic catheter attached at one end to the amnio-
centesis needle and to a 20-ml syringe at the other. 

 Figure 31-5 A modifi ed contact hysteroscope with a channel to per-
mit passage of a cannula for chorionic villi sampling. 
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rate after amniocentesis. 12  More recent information 
from the compilation of the CVS registry data 40  indicate 
a signifi cant reduction in fetal loss in centers with the 
largest experience, making the risk for this procedure 
comparable to that of amniocentesis. 31,41  

 The problem of discordance in the chromosome re-
sults among cells obtained from the chorion, amniotic 
fl uid, and the newborn has yet to be resolved. A recent 
report by Callen and coworkers 42  noted a discordance in 
22 karyotypes of 1,312 diagnostic CVS procedures, an 
incidence 20-fold higher than that reported for amnio-
centesis. Chorionic cells may therefore not always be a 
true representation of the fetus. 

 ULTRASOUND-GUIDED SAMPLING 

 In all methods of prenatal fetal evaluation, ultrasound 
visualization has become a  sine qua non  whether the 
prenatal procedure is for diagnostic or operative guid-
ance purposes. More important than the equipment 
used is the training and experience of the sonographer, 
who must be able to work in coordination with the op-
erator obtaining a tissue sample. For CVS, the type of 
real-time equipment used is secondary. 43  Ultrasound 
scanning and sampling can be performed simultane-
ously by the same person, or one person can scan while 
the other obtains the tissue. A third alternative is for 
the obstetrician to scan while manipulating the cannula 
and then to hand the transducer to the sonographer, 
leaving both of the obstetrician’s hands free to obtain 
the specimen. 

 Transcervical Technique 
 Like amniocentesis, CVS is an outpatient procedure 
performed in an ultrasound laboratory. The aim is 
to obtain a small sample of viable chorionic tissue 
 uncontaminated with maternal cells and without injur-
ing the pregnancy. Early identifi cation of at-risk  patients 
allows identifi cation of genetic problems, proper coun-
seling, and procedure scheduling between the 10th and 
11th gestational weeks. 

 Before scheduling a patient for testing, the clinician 
must obtain a comprehensive obstetric and gynecologic 
history. Among the contraindications to CVS are active 
infection of the vagina or any part of the genital tract, 
the presence of an intrauterine device, and stenosis of 
the cervical os. The patient’s bladder may be full or 
empty, depending on which allows a better view of the 
pelvic organs. A distended bladder at times can cause 
undesirable distortion of the uterine contents. Inform 
the patient of an abnormal gestational sac or absence 
of fetal heart tones before proceeding. 

 Ultrasound examination before CVS is essential, not 
only to confi rm pregnancy and the presence of a viable 
fetus in the uterus but also to evaluate the gestational 
age and location of the placenta. Vaginal and cervical 
smears are usually taken for culture to rule out  Neisseria 

 ADVANTAGES AND DISADVANTAGES 

 The desire for earlier diagnosis of fetal genetic disorders 
and inherited metabolic derangements in pregnancy, as 
well as the accuracy of the procedure were the impetus 
for widespread use of CVS. 31  The earlier diagnosis and 
the shorter waiting period for results (24 to 48 hours 
rather than the 7 to 10 days for amniocentesis) are es-
pecially appealing to patients. A diagnosis can therefore 
be forthcoming before macroscopic changes associated 
with pregnancy are apparent and deeper psychological 
attachment of the patient to the growing fetus is estab-
lished. The earlier timing of CVS testing, between the 
9th and 12th weeks after the last menstrual period, is a 
benefi t over the later timing of the amniocentesis pro-
cedure. Preliminary laboratory results are obtainable 
within 48 hours by the short-term culture method. 32  
Confi rmation of the results occurs through the long-
term culture method, which become available 4 to 7 
days later. 

 LIMB DEFECTS 

 The possibility of a diagnosis of a severely affected fetus 
before the 40th day of pregnancy would have made ter-
mination, if desired, a more acceptable option to some 
orthodox Jewish religious groups. 33  However, many 
reports from 1991 onward 34–38  have discouraged this 
practice by raising the issue of the association of CVS, 
both transcervical and transabdominal, with transverse 
limb defi ciencies. CVS was found to carry an increased 
risk for transverse limb deformities at 10 weeks’ ges-
tation (70 to 76 days), either solely or as part of the 
oromandibular-limb hypogenesis syndrome, which is 
about three times the background population rate of 
0.3 per 1,000 for similar defects. 39  The limb defect was 
found to decrease in frequency and severity as gesta-
tional age increases. Although the risk may be higher at 
later gestational ages than the general population rate 
in non-CVS patients, it is thought to be very small, not 
as well defi ned, and much smaller than the risk of the 
procedure itself. The recommendation is, therefore, that 
patients should be counseled regarding the increased 
risk for transverse limb defects at least up to 76 post-
menstrual days (10 weeks). 19,39  

 Until recently, the fetal loss rate after CVS was re-
ported to be 4%, compared to the 0.3% to 1.0% loss 

 PATHOLOGY BOX 31-2 

 Advantages and Disadvantages of Chorionic 
Villus Sampling 

 Advantages Disadvantages 

• Accurate
• Early genetic diagnosis

• Limb defects
• Fetal loss
• False-positive result
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5 ml of sterile culture medium and a small amount of 
heparin, attaches to the outer end of the catheter, and the 
specimen is obtained through aspiration. Negative pres-
sure is generated by sharply withdrawing the barrel of the 
syringe either once or repeatedly as the catheter is slowly 
withdrawn. During the procedure, constant ultrasound vi-
sualization documents catheter placement and removal. 

 An average of 20 to 30 mg of tissue transfers to a 
sterile Petri dish containing a culture medium. After 
washing the specimen with sterile culture media or 
saline solution, the pathologist examines the sample 
under a low-power dissecting microscope to verify the 
presence of chorionic villi. Maternal cell contamination 
removal occurs with a dissecting needle under the dis-
secting microscope. The tissue culture laboratory then 
processes the washed chorionic tissue specimen. 

 After collecting the specimen and removing the 
instruments, reexamine the patient sonographically 
 before release. The examiner observes the sampling site 
for evidence of hematoma formation or other complica-
tions that may have occurred because of the procedure. 
Any follow-up ultrasound examinations occur at inter-
vals of a few days to a week later. 

 TRANSABDOMINAL TECHNIQUE 

 Currently, most of the CVS procedures are performed 
transabdominally. The transabdominal approach dif-
fers from the transcervical only in the anatomic access 
route and the instrument used to obtain the specimen. 
The preparation of the patient, the treatment place, 
and the goals are the same in both approaches. In the 
transabdominal approach, the patient is in the su-
pine rather than the lithotomy position. Identify the 
placenta and measure the thickness. A povidone io-
dine solution cleans the abdomen at the elected site. 
A 20-gauge, 3.5-inch spinal needle with a stylet, like 
the one used in amniocentesis, is introduced into the 

gonorrhoeae  and other pathogens before preparing the 
vagina and cervix with povidone iodine solution. A 
vaginal speculum is inserted; upon visualization, the 
clinician carefully grasps the cervix with a tenaculum 
(Fig. 31-6). Ultrasound imaging then confi rms the posi-
tion of the internal cervical os. 

 Different clinicians use a variety of rigid instruments 
and fl exible catheters or cannulas. Regardless of the tools 
or procedures, ultrasound visualizes the instrument’s 
course into the uterus and through the cervix. The thick-
est part of the trophoblast, the chorion frondosum, where 
the umbilical cord is attached, is the target area for ob-
taining samples (Figs. 30-7–8). Many clinicians use the 
yolk sac as a landmark. The crown-rump length is mea-
sured, and the shape and direction of the uterine axis 
determined. A fl exible polyethylene catheter with a metal 
obturator is inserted into the cervix. 

 When the catheter tip has reached the proper site, the 
clinician removes the malleable aluminum obturator. A 
20-ml syringe, previously prepared and containing 3 to 

 Figure 31-6 Instruments used in endovaginal chorionic villus 
sampling:  (A)  vaginal speculum,  (B)  tenaculum,  (C)  ring forceps, 
 (D)  uterine sound,  (E)  plastic catheter enclosed in plastic sleeve with 
the malleable obturator withdrawn slightly from the catheter. 

 Figure 31-7 Diagram of the target area for CVS. The vaginal ap-
proach uses a pliable plastic catheter. The abdominal approach uses 
a spinal needle introduced transabdominally. 

 Figure 31-8 Vaginal ultrasound scan of the target area for CVS  (open 
arrows).  (Image courtesy of Philips Medical Systems, Bothell, WA.) 
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were statistically signifi cantly higher in the group that 
underwent transcervical CVS. The rate of spontaneous 
miscarriage was 2.3% in the transabdominal group and 
2.5% in the transcervical group. This confi rmed the 
safety of both methods. Comparing the two approach-
es in 2,882 women, the sampling success for the fi rst 
attempt was 98.1% in the transabdominal group and 
96% in the transcervical group. 47  They found that the 
rate of unintentional pregnancy loss was signifi cantly 
higher in the transcervical group (7.7%) compared to 
the transabdominal group (3.7%). Contamination with 
blood and maternal cells was greater with transcervi-
cally obtained specimens. These investigators have 
abandoned transcervical CVS because of the associated 
high pregnancy loss rate. 

 The data from these and other randomized trials 44  
lead to a conclusion that transabdominal CVS is a bet-
ter procedure because of the higher sampling success, 
fewer minor complications, and fewer pregnancy losses. 

 AMNIOCENTESIS VERSUS CHORIONIC 
VILLUS SAMPLING 
 Rhoads and colleagues 41  compared the safety and effi cacy 
of transcervical CVS in 2,278 women to  amniocentesis 
in 671 women. They obtained cytogenetic  diagnoses in 
97.8% of CVS cases and 99.4% of amniocentesis cases. 
Due to an inadequate tissue sample obtained by CVS, 
the procedure was repeated up to four times. The overall 
pregnancy loss rate was 7.2% in the CVS group and 5.7% 
in the amniocentesis group. This included spontaneous 
and missed abortions, termination of abnormal pregnan-
cies, stillbirths, and neonatal deaths. There was a greater 
number of minor complications in the CVS group, includ-
ing cramping, spotting, bleeding, and leakage of amniotic 
fl uid. Seventeen patients underwent amniocentesis after 
CVS because the diagnosis was ambiguous. Comparison 
of transabdominal and transcervical CVS to amniocente-
sis exemplifi ed that the transcervical CVS group had the 
highest postprocedure fetal loss rate (7.63%), followed 
by the transabdominal CVS group (2.34%), and fi nally by 
the amniocentesis group (1.16%). 47  

 Studies suggest that amniocentesis is the safest and 
most accurate of the three procedures. CVS, by which-
ever route chosen, carries a higher risk of repeated pro-
cedures, maternal cell contamination, sampling failures, 
and multiple insertions because of inadequate amounts 
of tissue, and a higher incidence of false- positive and 
false-negative results. 

 EARLY AMNIOCENTESIS VERSUS 
TRANSABDOMINAL CHORIONIC 
VILLUS SAMPLING 

 There has been an attempt to perform amniocentesis 
earlier than the traditional 15 weeks. A prospective 
study of women with pregnancies at 10 to 13 weeks 

placenta (Fig. 31-9) and held by the sonographer. The 
physician–operator removes the stylet, holding the 
needle steadily in place, attaches a 20-ml Luer-lok sy-
ringe containing 3 ml of Hanks culture medium mixed 
with a few drops of heparin, and collects the speci-
men.Withdrawal of the plunger of the syringe creates 
a negative pressure. Slow movement of the needle 
tip obtains a specimen of about 30 mg of tissue. The 
needle is then withdrawn and the patient is treated as 
described previously for amniocentesis and transcer-
vical CVS. In both transcervical and transabdominal 
CVS, the informed patient realizes that amniocentesis 
may be necessary with the return of equivocal results. 

 Transcervical versus Transabdominal 
Technique 
 Until recently, the more accepted method of CVS was 
the transcervical technique introduced by Brambati and 
coworkers. 44  This method uses a fl exible plastic cath-
eter with a malleable inner obturator inserted into the 
cervix  per vaginum,  guided by an abdominally placed 
transducer (see Fig. 31-7). The transabdominal method 
fi rst introduced in 1984 45  has gained wide acceptance 
because of the reported decreased chance of infection 
and the greater success rate in obtaining specimens. 
The transabdominal approach is successful in situa-
tions in which the transcervical method has failed, as, 
for example, in the case of the anteriorly implanted pla-
centa or hyperfl exion of the uterus. 

 There have been a few large, prospective, random-
ized studies comparing transabdominal and transcervi-
cal CVS done worldwide. In the United States, a  report 
on a randomized study population in which 1,944 
women were in a transcervical group and 1,929 in a 
transabdominal group found that fi rst-attempt abdom-
inal sampling success was 94% with a 90% success 
rate using the cervical route. 46  Maternal complications 
such as fl uid leakage and vaginal spotting and bleeding 

 Figure 31-9  A:  Double-needle set with stylets for transabdominal 
CVS. The larger-bore needle is inserted fi rst through the abdominal 
wall to just proximal to the target site. The stylet is withdrawn and the 
second, smaller (20-gauge) needle is inserted through the fi rst one 
to the site of sampling, and the specimen obtained as described in 
the text.  B:  Spinal needle with stylet partially withdrawn. This needle 
may be used for both amniocentesis and for transabdominal CVS. 
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limitations that have prevented coelocentesis from be-
coming an alternative to amniocentesis and CVS for 
fetal karyotyping. First, it is diffi cult to culture coelo-
mic cells. Analyzing the nuchal translucency thickness 
and fi rst- or second-trimester biochemistry also helps 
in screening for chromosomal defects. Finally, there is 
a concern regarding the safety of the procedure. The 
most likely mechanisms by which coelocentesis could 
cause fetal demise or fetal abnormalities are hypovole-
mia due to hemorrhage, hypoxia due to uterine contrac-
tions, and release of vasoactive substances in response 
to intrauterine trauma, leading to direct damage of the 
fetal heart and circulatory system. 50  

   FETAL BLOOD SAMPLING 
 By the end of the 20th century, the commonest indica-
tions for fetal blood sampling were the diagnosis of 
hemoglobinopathies and red blood cell disorders; the 
diagnosis and management of Rh isoimmunization, 
platelet disorders, and intrauterine congenital infec-
tions; and rapid karyotype. The development of new 
molecular biology techniques, such as polymerase 
chain reaction (PCR) following CVS and amniocente-
sis, resulted in the limitation of fetal blood sampling 
to cases with mosaicism on amniocentesis, Rh isoim-
munization, hydrops of unknown origin, alloimune 
thrombocytopenia, fetal infections, fetal blood group-
ing, thyroid disease, and rapid karyotype in delayed 
diagnosis of congenital anomalies. 51  The anterior pla-
centa requires transplacental cordocentesis, whereas 
the posterior placenta allows sampling of the cord 
approximately 1 cm from the placental umbilical cord 
insertion, always avoiding free cord loops. Before initi-
ating the procedure, perform a preliminary ultrasound 
examination to determine fetal viability, position, and 
amniotic fl uid volume and localize the placenta and 
umbilical cord insertion. Color and/or power Doppler 
may assist in fetal blood sampling because it facilitates 
visualization of the vein insertion into the placenta. 
The intrahepatic umbilical vein allows for sampling at 
this site but is considered a second-choice technique 
because of the higher rate of fetal losses (6.2%), com-
pared to cordocentesis (1% to 5%). 51,52  The volume of 
blood during fetal blood sampling procedure varies 
with the gestational age and number of tests required. 
Usually up to 4 ml (during the second trimester), and 
6 ml (during the third trimester) is considered suffi -
cient. Check the puncture site for bleeding 10 minutes 
after the procedure completion. Assess and document 
the fetal heart rate prior to and 30 to 60 minutes af-
ter the procedure. The most common complications of 
fetal blood sampling are failure to obtain fetal blood, 
fetal loss, bleeding, cord hematoma, and chorioam-
nionitis. 52  To prevent Rh sensitization in Rh-negative 
patients with Rh positive or unknown Rh of the fetus, 
administer 300 mg of anti-D globulin. 

of gestation who requested fetal karyotyping in-
cluded 731 women undergoing early amniocentesis 
and 570 undergoing transabdominal CVS. 18  The suc-
cessful sampling rate was the same for both groups 
(97.5%). The rate of fetal loss was signifi cantly higher 
in the early amniocentesis group (5.3%) than in the 
CVS group (2.3%). In the subgroups of randomized 
women (238 randomized to amniocentesis group and 
250  randomized to transabdominal CVS group), the fe-
tal loss rates were 5.9%, and 1.2% respectively. There 
were more culture failures after early amniocentesis 
(2.3%) versus CVS (0.53%). Result confi rmation oc-
curred in 120 early amniocenteses, with 8 fetal losses 
compared to none in 64 women who underwent trans-
abdominal CVS. 48  

 The main advantages of early amniocentesis are the 
decreased rate of mosaicism, decreased need for re-
peat testing, and the ability to do direct AFP determi-
nations. The principal disadvantages are the increases 
in the rates of fetal loss and culture failure when per-
forming the procedure before the 13th week. This 
leads to the recommendation that early amniocentesis 
should not be attempted before 14 weeks of gestation. 
 Transabdominal CVS appears to be superior to early 
amniocentesis based on the information obtained from 
the studies mentioned here. 

 COELOCENTESIS 
 During the fi rst 10 weeks of pregnancy, coelomic fl u-
id surrounds the amniotic sac. Coelocentesis is a new 
technique that involves the ultrasound-guided inser-
tion of a needle into the extra-amniotic cavity through 
the vagina, from as early as 6 weeks of gestation (Fig. 
31-10). 49  This method helps investigation of early fe-
tal physiology and pathophysiology. Moreover, it offers 
the possibility for very early prenatal diagnosis, from 
at least 7 weeks of gestation. 49,50  There are three main 

 Figure 31-10 The coelocentesis samples fl uid from the exocoelom-
ic cavity (ECC).  Y,  yolk sac;  AC,  amniotic cavity. 
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resulted in a large number of multiple gestations 
(Fig. 31-11). Multiple pregnancies are associated with 
high mortality and morbidity rates, and the probability 
of achieving a term pregnancy with healthy neonates is 
inversely proportional to the number of the fetuses. The 
aim of multifetal pregnancy reduction is to reduce the 
number of embryos to improve survival for the remain-
ing ones. 56  Clinicians often offer selective reduction to 
women with four or more embryos, with the number 
of embryos usually reduced to two. The procedure is 
normally delayed until after 8 weeks, when the sponta-
neous loss is relatively low. Transabdominal approach 
is preferred for multifetal embryo reduction between 10 
and 12 weeks’ gestation, whereas the endovaginal ap-
proach may be successfully applied between 8 and 10 
weeks’ gestation. 57,58,59  Advantages of endovaginal ul-
trasound–guided procedure are the following: shorter 
puncture route and a more precise needle placement 
that reduces the risk of inadvertent injury to adjacent 
gestational sacs or other pelvic structures. Color Dop-
pler may aid in monitoring fetal heart action during and 
after the sonographically guided procedure (Fig. 31-12). 

 A brief explanation of techniques for endovaginal 
multiembryo reduction is as follows: 

• a baseline  mapping procedure of the chorionic sacs
• detailed evaluation of the heartbeats of the  targeted 

fetus, and placement of the needle with 0.5 to 1 ml 
of 2 mEq/ml KCl solution.

Observe the heartbeat of each injected fetus for 5–10 
minutes to confi rm cessation. Rescan the patient at 3 
hours and 1 week after the procedure. The disadvan-
tage of endovaginal fetal reduction is that at an early 
gestational age the fi nal number of fetuses is not yet 
established. Prospective evaluation of 90 women un-
dergoing early endovaginal selective embryo reduction 
with KCl injected near the fetal heart at 7.5 weeks’ 
gestation (range 7.0 to 8.0 weeks) reported pregnancy 

 FETAL TRANSFUSION 
 The widespread use of Rh immune globulin has sig-
nifi cantly reduced the incidence of hemolytic disease in 
newborns. Efforts in intrauterine treatment of Rh iso-
immunization started in the 1960s with intraperitoneal 
transfusions and were continued with intravascular 
transfusions via cordocentesis. 53,54  Previous monitor-
ing of pregnancies complicated by isoimmunization 
included maternal indirect Coombs titers, ultrasound 
markers, amniocentesis, and fetal blood sampling. In-
troduction of the peak systolic velocity assessment of 
the middle cerebral artery (PSV MCA) has signifi cantly 
reduced the need for invasive diagnostic methods. 55  Fe-
tal blood sampling and intrauterine transfusions now 
occur only in patients with abnormal PSV MCA. 

 FETAL THERAPY 
 Access to fetal circulation offers the possibility of infus-
ing pharmacologic agents for therapeutic purposes (for 
example, digoxin in hydropic fetuses with supraventricu-
lar tachycardia, therapy of fetal metabolic disorders, fetal 
hyperthyroidism and hypothyroidism, acute toxoplas-
mosis infection in pregnancy, etc.). Another promising 
future application may be intrauterine genetic therapy. 

 The most common invasive procedures available for 
direct fetal therapy are treatment of fetal anemia, allo-
immune thrombocytopenia, and nonimmune hydrops 
by cordocentesis. Cases of fetal urinary tract obstruc-
tion, severe fetal ascites, and ovarian cysts usually re-
sult in a percutaneous procedure. Shunting procedures 
may be planned for fetuses with urinary tract obstruc-
tion, hydrocephalus, and cystic adenomatoid malforma-
tion. Intrauterine laser treatment in feto-fetal transfu-
sion syndrome (also known as twin-to-twin transfusion 
syndrome) permits the selective coagulation of super-
fi cial vascular anastomoses of the placenta. Open and 
endoscopic fetal surgery has been performed in human 
fetuses with varying degrees of success and is still of 
experimental nature. 

 FETAL TISSUE SAMPLING 
 The methodology of fetal tissue sampling is similar to 
blood sampling methods and is restricted to a limited 
number of tertiary centers. 51  To obtain a diagnosis of a 
specifi c enzyme defi cit, a fetal liver biopsy under ultra-
sound guidance helps obtain a tissue sample. Fetal skin 
biopsy permits the diagnosis of genodermatoses. Prena-
tal diagnosis of Duchenne muscular dystrophy and other 
hereditary myopathies is made through a muscle biopsy. 

 MULTIFETAL PREGNANCY 
REDUCTION 
 In the past 25 years, the increased use of ovulation- 
inducing drugs, as well as the increased number 
of medically assisted reproduction procedures, has 

 Figure 31-11 Transverse image of the uterus with quintuplets fol-
lowing ovulation induction at 8 to 9 weeks’ gestation. 
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 ULTRASOUND-GUIDED 
ENDOVAGINAL PROCEDURES 
 With the advances in ultrasonographic equipment set-
tings and technique, guided procedures using endo-
vaginal sonography have replaced abdominally guided 
puncture in most of the gynecologic interventions. The 
fi rst who have used ultrasound-guided puncture proce-
dures to achieve both diagnostic and therapeutic goals 
were Smith and Bartrum, who performed percutaneous 
aspiration of intra-abdominal abscesses in 1974, and 
Gerzof et al., who used an abdominal catheter placed 
sonographically to drain purulent collections. 64,65  The 
advantages of these procedures over surgery are accu-
rate needle placement, rare injury to adjacent organs, 
low cost, shorter time of the procedure, portability, 
and patient comfort. Possible rare complications in-
clude bleeding, infection, and unintentional puncture 
of neighboring organs. 

 Either a needle guide or freehand technique is used 
when performing the procedure through the abdominal 
wall. When puncture procedures are performed endo-
vaginally because of limited mobility of the transducer, 
the freehand approach is diffi cult. A fi xed needle guide 
attached to the transducer shaft allows easier visual-
ization of the entire length of the needle within the 
 scanning plane and better control for exact needle place-
ment. An automated puncture device, when mated to 
the shaft of the endovaginal transducer, provides a high 
degree of accuracy and precision, and its high-velocity 
release makes the procedure virtually painless; no an-
esthesia or analgesia is required. The fi rst use of this 
technique was for ovum pick-up in assisted reproduc-
tive technology programs. The need for reloading with 
each new follicle aspiration resulted in quick abandon-
ment of this technique. The automated puncture device 

loss of 11.7%. 60  Similar results occurred in the study 
evaluating the effi cacy of early endovaginal intracardiac 
embryo puncture. 61  The overall pregnancy loss rate as-
sociated with early embryo aspiration is similar to that 
performed at later gestational age but is signifi cantly 
lower when the initial number of embryos is four or 
greater. 

 In patients undergoing multifetal pregnancy reduc-
tion after 11 weeks’ gestation, preprocedural nonin-
vasive genetic screening and detailed nuchal trans-
lucency measurement help detect fetuses with an 
increased risk for chromosomal abnormality. Before 
the procedure, each patient undergoes extensive con-
sultation and assessment of the number and viability 
of the fetuses, their mutual inter-relationship, and lo-
cation in relation to the internal cervical os, localiza-
tion of the placentas, and evaluation of fetal anatomy. 
Transabdominal procedure is usually performed using 
a freehand technique. 62  The fetus in the lowest sac is 
usually not reduced, unless a fetal anomaly was de-
tected. Placement of the needle is into the fetal thorax 
in the longitudinal plane, with slow injection of 2 to 
3  milliequivalents (mEq) of potassium chloride. Care-
fully observe cardiac activity for at least 2 minutes. 
Observe the patient an hour after the procedure for 
evidence of uterine contractions, vaginal bleeding, or 
leakage of amniotic fl uid. Repeat the ultrasound ex-
amination to confi rm normal cardiac activity in nonre-
duced fetuses and absence of heart action in reduced 
fetuses. Current practice recommends termination 
of no more than three fetuses at each attempt. If all 
the fetuses are alive and have appropriate size at 12 
weeks’ gestation, there is no advantage of delaying the 
procedure because spontaneous losses are not likely 
to occur. At the same time, the risk of miscarriage and 
preterm rupture of membranes is increased. 63  

A B
 Figure 31-12  A:  Color Doppler ultrasound of quadruplets at 10 weeks’ gestation. Note the color signals indicating regular heart activity of 
all fetuses.  B:  Image of the 1-week follow-up sonographic exam. At that time, color Doppler detected heart activity of three fetuses and one 
fetus with absent heart activity. 
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 The entire treatment occurs in an outpatient set-
ting. Position the patient on a gynecologic table in 
lithotomy position. Although anesthesia or any seda-
tive analgesia has been abandoned in about 50% of in 
vitro fertilization (IVF) programs, sedative medication 
may be used. 72  Since the mean duration of the oocyte 
retrieval is 10 minutes, most patients easily tolerate 
the procedure. However, the operator should be aware 
of possible drops in blood pressure and discomfort ex-
perienced by some patients. Before inserting the trans-
ducer into the cover, the operator should apply the 
ultrasonic coupling gel, then stretch the cover (sterile 
condom, surgical rubber glove, or specially produced 
rubber cover) to expel the air from the end of the trans-
ducer. This can prevent any artifacts during the pro-
cedure. Do not use gel or lubricant while inserting the 
transducer because of spermicidal action and reported 
embryotoxicity. 73  Instead, one can use a physiologic 
saline or culture medium. Use sterile needle guides 
for endovaginal puncture of the follicles. A sterile 
keyboard cover of the ultrasound  machine enables 
the operator to make any readjustment  under sterile 
conditions. Sterile drapes then cover the  patient’s legs 
and perigenital area. After cleaning the vagina with 
isotonic saline or cultured medium, the endovaginal 
transducers is inserted into the vagina. The use of an 
automatic puncturing device helps to prevent potential 
risks of the puncture procedures. This device contains 
a mobile metal tube, the needle carrier into which the 
aspiration needle is inserted and locked by a twisting 
movement. 67  Before inserting the transducer with a 
puncture device into the vagina, the device should be 
loaded and secured. After insertion, a detailed ultra-
sound examination is performed to locate the uterus 
and the ovaries. The biopsy vector indicates the direc-
tion of the needle, which is placed into the central part 
of the nearest follicle. The operator counts the dis-
tance on the biopsy vector on the screen and “shoots” 
the follicle either automatically or manually. After the 
needle is rapidly advanced into the follicle, the opera-
tor begins the suction through the tubing connected 
to the suction pump. The follicular fl uid is pulled into 
the collecting chamber and the follicle collapses. 67  A 
fl ushing procedure may be used to improve the satis-
factory rate of the aspirated oocytes. Flushing medium 
that contains heparin is injected through the tubing 
or using an automated fl ushing system. All the fol-
licles along the same line are aspirated without with-
drawing the needle. Endovaginal technique for oocyte 
recovery is a standard technique with low complica-
tion rates reported by many authors. 74  Iliac veins may 
sometimes be confused for a follicle and mistakenly 
punctured, which may lead to bleeding into the pouch 
of Douglas. It was observed that fi lling the bladder 
might exert pressure on the site and, therefore, stop 
the bleeding. Color Doppler can easily prevent such a 
complication, since iliac vessels are easily visualized 
using this technique. 

is crucial in cases where extreme accuracy is required. 
Manual needle introduction is less accurate and more 
painful because of the slower forward motion of the 
needle displacing the mobile targets rather than pen-
etrating them. 66  

 The use of a 5.0 to 7.5 MHz endovaginal ultra-
sound transducer with a needle guide attached to the 
transducer shaft aids in the performance of the punc-
ture. A software-generated fi xed “biopsy guide” line 
is displayed on the ultrasound monitor screen, which 
marks the path of the entering needle. The selection 
of needle gauges ranging from 14 to 21 depends on 
the nature of the procedure itself; use the narrowest 
possible needle able to perform the desired task. For 
better imaging, use the “zoom” feature of the equip-
ment as frequently as possible. After the initial with-
drawal, the needle, pelvic structures, and cul-de-sac 
must be examined sonographically approximately 10 
minutes after and rescanned after 2 to 3 hours of ob-
servation to check for internal bleeding or previously 
undetected complications. The most common ultra-
sound-directed endovaginal puncturing procedures 
are the following: 

 1. Endovaginal oocyte retrieval 
 2. Ovarian cyst aspiration 
 3. Biopsy of pelvic masses 
 4. Drainage of pelvic abscesses 
 5. Culdocentesis 
 6. Local treatment of ectopic pregnancy 

 Ultrasound-guided endovaginal nonpuncturing proce-
dures are the following: 

 1. Embryo transfer and tubal catheterization 
 2. Hysterosonography and hysterosonosalpingo-

graphy 
 3. Evaluation of the position and displacement of an 

intrauterine contraceptive device 
 4. Radiotherapy planning and monitoring 

 ENDOVAGINAL OOCYTE RETRIEVAL 

 Experience has proven that the endovaginal technique 
using a needle-guided endovaginal transducer is supe-
rior to all other ultrasound-guided techniques. 67  The 
proximity of the transducer to the pelvic organs allows 
the use of high-frequency transducers, thereby enhanc-
ing the resolution and clinical effi ciency. By increasing 
the pressure of the tip of the transducer to the elastic 
vault of the vagina, the sonographer can approximate 
the ovaries. Since there is no need for a full urinary 
bladder, pelvic anatomy is undistorted and ovaries are 
beyond the focal zone of the transducer. Obesity or ad-
hesions do not signifi cantly inhibit the visualization 
of the follicles. Controlled ovarian hyperstimulation 
is monitored by endovaginal sonography. 68  Additional 
information may be obtained by hormonal estimation, 
color Doppler studies of the ovarian and uterine cir-
culation, 69–71  and more recently three-dimensional (3D) 
ultrasound (Fig. 31-13). 
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by compression of the ovarian parenchyma. In the 
puncture of an ovarian or para-ovarian cyst, the cen-
ter of the cyst is targeted and the needle is inserted. 
Such a procedure is highly debated in the literature. 
The concern of cell spillage from potentially malignant 
ovarian cysts into the abdominal cavity prevents many 
from  using it more frequently. Although the aspirated 
fl uid is necessarily submitted for cytologic evaluation, 
a  negative cytologic examination may sometimes give 
a false-negative result. High sensitivity and specifi city 
of endovaginal color Doppler in differentiation between 
benign and malignant adnexal lesions seems to in-
crease the reliability in determining which cysts should 
be  aspirated (Fig. 31-14). 

 Another reason that ovarian cyst aspiration is highly 
debated in the literature is a high recurrence rate (48% 
in premenopausal patients, and 80% in postmenopausal 
women). 76,77  An attempt to prevent cyst recurrence by 

 The bleeding from the vaginal vault is easily de-
tectable and can be stopped by compression. Pelvic 
infl ammatory disease (PID) is a rare complication of 
endovaginal follicle aspiration reported in 0.14% of 
the patients. 72  The infections were mostly caused by 
infected semen and occurred in patients with positive 
history of PID. 

 Recent technology enables the performance of 3D 
and four-dimensional (4D) puncture procedures in real 
time, 73  enabling better anatomic orientation, especially 
in patients with severe adhesions. 

 OVARIAN CYST ASPIRATION 

 Endovaginal guidance permits direct visualization and 
aspiration of persistent follicular cysts. 74  Such cysts 
may impair follicular development because of the re-
lease of hormones or because of decreased perfusion 

A B

C

 Figure 31-13  A:  Endovaginal sonogram of ovarian enlargement in 
a patient with ovarian hyperstimulation.  B:  Power Doppler imaging 
of ovarian hyperstimulation. The visualization rate of the perifollicular 
areas correlates with the number and quality of aspirated oocytes. 
 C:  3D ultrasound of ovarian hyperstimulation. 
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core of tissue. In a recent study of 129 abdominal le-
sions, fi ne needle aspiration cytology identifi ed 86%, 
and needle core biopsy detected 80.6%, of malignant 
lesions. 80  

 The combination of these sampling techniques in-
creases diagnostic sensitivity and provides more accu-
rate preoperative classifi cation of intra-abdominal and 
pelvic tumors. 

 In patients with a history of multiple abdominal sur-
geries, transabdominal aspiration of ascites and/or bi-
opsy of pelvic masses have a high complication rate, 
resulting mainly in bowel injury. In these patients, en-
dovaginal aspiration using ultrasound guidance is par-
ticularly suitable. 

 DRAINAGE OF PELVIC ABSCESS 

 It has been reported that in patients with a tubo-ovarian 
abscess, abscess drainage with sonographic guidance can 
hasten recovery and improve the effi cacy of antibiotic 
therapy. Once the needle is placed into the abscess cavity, 
the contents can be aspirated as completely as possible 

injecting alcohol immediately after cyst aspiration was 
successful in only about 57% of patients. 78  

 To diminish the cancellation rate, it may be benefi -
cial to perform ovarian cyst puncture during the early 
follicular phase in patients with ovarian cysts undergo-
ing IVF. The aspiration of endometriotic cysts is techni-
cally simple, however, its overall benefi t and safety are 
still inconclusive. 

 BIOPSY OF PELVIC MASSES 

 Ultrasound-guided biopsy of pelvic masses is safe, accu-
rate, and effective. The advantage of ultrasound-guided 
procedures over CT-guided biopsy is real-time imaging, 
lack of ionizing radiation, and lower cost (Fig. 31-15). 79  
In cases presenting with intra-abdominal masses, both 
ultrasound-guided needle aspiration and needle core 
biopsy may be effi ciently used for early confi rmation 
and/or exclusion of malignancy. During needle aspi-
ration biopsy, tissue is obtained by suction through 
a needle attached to a syringe. Needle core biopsy is 
performed using a large hollow needle that extracts a 

A B
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 Figure 31-14  A:  Endovaginal color Doppler scan of the ovary during 
aspiration procedure. The tip of the needle is advanced into the proxi-
mal follicle. Iliac vessels are clearly displayed on color Doppler.  B:  3D 
power Doppler ultrasound of a simple ovarian cyst. Note the regularly 
separated vessel encircling the cyst.  C:  3D power Doppler scan of a 
recurrent ovarian carcinoma. Numerous randomly dispersed vessels 
with irregular branching assists indicate recurrent ovarian malignancy. 
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blood, or pus). The wide availability of endovaginal 
color Doppler sonography to distinguish the dominant 
pelvic pathology in the presence of pelvic fl uid based 
on different vascularity patterns is helpful in routine 
diagnostic procedures. Inserting a needle in the cul-de-
sac is a simple technique that can be performed safely 
and accurately with endovaginal ultrasound guidance 
(Fig. 31-17). High-quality 2D B-mode endovaginal so-
nography with superimposed color Doppler fl ow allows 
accurate simultaneous identifi cation of the main pelvic 
vessels and physiologic angiogenesis of the corpus lu-
teum and ectopic peritrophoblastic blood fl ow. 82  Color  

or a drainage catheter can be placed. 81   Figure 31-16 illus-
trates ultrasound-guided drainage of pelvic  abscess. This 
technique is accepted as an alternative to open laparos-
copy for treating the tubo-ovarian abscess. 

 DIAGNOSTIC CULDOCENTESIS 

 The introduction of endovaginal sonography has lim-
ited the need for diagnostic culdocentesis. The presence 
of fl uid in the posterior cul-de-sac is easily established 
by endovaginal ultrasound, but it remains diffi cult to 
differentiate different types of effusions (clear fl uid, 

A

B

 Figure 31-15  A:  CT scan of tubo-ovarian 
abscess  (open arrows)  with Dalkon Shield 
 (arrow) .  B:  MRI of tubo-ovarian abscess 
 (open arrow).  
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ectopic pregnancy is feasible. Color Doppler appears 
to be useful in diagnosis of ectopic pregnancy with ul-
trasonography when no adnexal gestational sac is ob-
served. 91  Peritrophoblastic fl ow is prominent, randomly 
dispersed inside the solid part of an adnexal mass and 
clearly separated from ovarian tissue (Fig. 31-18). Low-
impedance blood fl ow signals and a resistance index 
less than 0.45 extracted from the color-coded area in-
dicate invasive trophoblast. A clinical impression of 
tubal abortion is probable with lack of color fl ow, or 
increased vascular resistance of the peritrophoblastic 
fl ow and a beta hCG level less than 1,000 IU/ml. Dop-
pler can identify the vitality and invasiveness of the 
trophoblast, the most important feature in planning the 
management of ectopic pregnancy. 

 Using a similar technique, an injection of potas-
sium chloride guided by endovaginal sonography can 
be used in patients with cervical and cornual ectopic 
pregnancy with positive heart action (Fig. 31-19). 92,93  

 EMBRYO TRANSFER AND TUBAL 
CATHETERIZATION 

 Although intrauterine embryo transfer is not consid-
ered a sonographically guided procedure, many cen-
ters report that ultrasound-guided embryo transfer 

helps in accurate needle placement and in diminish-
ing the risk of injury to adjacent vessels, especially in 
women who have had previous infl ammatory disease 
of the pelvis with an obliterated cul-de-sac. 

 LOCAL TREATMENT OF ECTOPIC 
PREGNANCY 

 In the past, the diagnosis of ectopic pregnancy was 
usually made at the time of laparotomy, very often in a 
hemodynamically unstable patient. Little choice was left 
but to perform a salpingectomy, adnexectomy, or seg-
mental resection of the fallopian tube. At that time, the 
physician’s concern was to save the patient’s life and usu-
ally not to preserve the function of the affected fallopian 
tube. Early-stage ectopic pregnancy diagnosis results in 
simpler surgery and the use of medical therapies. This is 
due to the use of sensitive pregnancy tests and endovagi-
nal ultrasonography. Systemic use of methotrexate has 
been documented to be safe, effective, and well tolerated. 
Data is suggestive that fertility potential after such treat-
ment is comparable to that of conservative surgery. 83–85  

 Local treatment of ectopic pregnancy using metho-
trexate under endovaginal ultrasound guidance may 
also be used. It was fi rst reported in 1987, 86  and since 
then was used in many centers in patients with ecto-
pic pregnancy. 87–89  The most common complication 
reported is concurrent or delayed hemorrhage, occur-
ring in less than 15% of patients. 90  Another reported 
complication is the persistence of trophoblastic tissue 
within the fallopian tube, and persistent elevation of the 
beta human chorionic gonadotropin (beta hCG) levels 
following the procedure. These cases may successfully 
be treated nonsurgically using systemic administration 
of methotrexate. 88  

 Since the introduction of endovaginal sonography 
with color fl ow imaging within a high-frequency trans-
ducer, a more accurate and more rapid diagnosis of 

 Figure 31-16 3D ultrasound scan of aspiration of the tubo-ovarian 
abscess. Tip of the needle introduced into the abscess cavity is clear-
ly demonstrated in three orthogonal planes. 

 Figure 31-17  A:  Culdocentesis is easily done if the needle is inserted 
at the correct level and the vaginal mucosa over the posterior fornix 
is taut.  B:  Transvaginal scan of free fl uid in the posterior cul-de-sac. 

B
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of the procedure can be monitored using the abdomi-
nal ultrasound, which enables better positioning of an 
endovaginally guided catheter. Using ultrasound guid-
ance, fertilized ova may be carried into the ampullary 
portion of the tube. 

 HYSTEROSONOGRAPHY AND 
HYSTEROSONOSALPINGOGRAPHY 

 The number of cases of tubal sterility is increasing and 
tubal factors, such as tubal dysfunction or obstruction, 
account for approximately 35% of the causes of infertil-
ity. Imaging plays a key role in diagnostic evaluation of 
women for infertility. 101  The most frequently used pro-
cedures to demonstrate tubal patency are x-ray hystero-
salpingography (HSG) and chromopertubation during 
laparoscopy. Hysteroscopy is a technique that comple-
ments hysterosalpingography and accurately differ-
entiates between endometrial polyps and submucous 
leiomyomas; this technique can be used for minimally 
invasive treatment of congenital anomalies and intra-
uterine synechiae. Laparoscopy is the gold standard for 
establishing the tubal status but requires general anes-
thesia and carries the risk of anesthesiologic and sur-
gical complications such as bowel or vascular injury, 
hemorrhage, and infection. 

 Signifi cant improvement in resolution of ultrasound 
equipment and use of endovaginal transducers have 
made sonographic evaluation of the uterine cavity and 
tubes a feasible option for investigation of uterine and 
tubal causes of infertility. The benefi ts of hysterosonog-
raphy, saline intrauterine infusion for evaluation of the 
uterine cavity, and hysterosonosalpingography (saline 
intrauterine infusion to evaluate the uterine cavity and 
tubal patency) are low cost and avoiding ionization 

signifi cantly increases clinical pregnancy and live birth 
rates compared with the clinical-touch  method. 94–97  

 It has also been reported that shaping the catheter 
for embryo transfer according to the ultrasound as-
sessment of the uterocervical angle increases clinical 
pregnancy and implantation rates and diminishes the 
incidence of diffi cult and bloody transfers. 98,99  In pa-
tients with cervical abnormalities ultrasound-guided 
transmyometrial puncture may be performed under the 
ultrasound guidance. 100  

 Tubal catheterization is a diagnostic and therapeu-
tic technique in diagnosing tubal patency via injecting 
and observing fl uid passage into the pelvis. The course 

 Figure 31-18 Endovaginal color Doppler image of an ectopic preg-
nancy. Color Doppler facilitates visualization of randomly dispersed 
tubal arteries encircling the ectopic gestational sac, suggestive of 
prominent trophoblastic vitality guides the clinician to the location 
of the ectopic pregnancy. The ipilateral corpus luteum is lateral from 
the gestational sac. 

A B
 Figure 31-19  A:  Endovaginal color Doppler image of the cervix in a patient with an ectopic cervical pregnancy. Note the Nabothian cyst 
superior to the gestational sac. Blood fl ow signals are derived from the fetal heart and demonstrate regular heart activity.  B:  Endovaginal color 
Doppler image of a cornual pregnancy. Color Doppler assists in diagnosis of the ectopic pregnancy by exposing peritrophoblastic vessels at 
the periphery of the gestational sac. 
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and allergic reactions to contrast media. This method 
is easily reproducible and enables evaluation of tubal 
motility. The course of the procedure may be recorded, 
reviewed, and analyzed in the presence of an infertile 
couple, which increases their knowledge and under-
standing of infertility problems. More recently, color/
power and pulsed Doppler and 3D ultrasound have been 
used to evaluate the uterine cavity and tubal patency. 
The accuracy of hysterosonosalpingography compared 
with x-ray HSG varies from 70.37% to 92.20%. 102,103  De-
pending on the method used (B-mode vs. color Doppler 
vs. 3D ultrasound), the accuracy of hysterosonosalpin-
gography compared to chromopertubation varies from 
81.82% to 100.00%. 104–107  

 Accuracy of the method also depends on the contrast 
medium. Contrast media with different echogenicity 
from the human body may be used as contrast. Contrast 
media are divided into two major groups: hypoecho-
genic and hyperechogenic media. Isotonic saline and 
Ringer and dextran solutions belong to the fi rst group. 
Instillation of these media facilitates the detection of 
echogenic border surfaces, such as endometrium. The 
use of hyperechogenic contrast media enhances echo 
signals, allowing detection of the fl ow by both B-mode 
and Doppler ultrasound. Commercial echo contrast me-
dia contain microbubbles and usually contain special 
galactose microparticles suspended in either a galac-
tose solution or sterile water. 108  Absolute contraindica-
tion for instillation of these fl uids is galactosemia, an 
autosomal recessive disease in which, due to defi ciency 
of galactose-1-phosphate uridyltransferase, galactose 
cannot be metabolized into glucose. 

 When ultrasound contrast is administered via the 
vascular system or into body cavities, it changes the 
acoustic properties of the body region under investi-
gation. Contrast agents are acoustically heterogeneous, 
resulting in scattering and rendering the structures vis-
ible. 109  These effects are facilitated if analyzed by color, 
power, or B fl ow. 

 A gynecologic and ultrasound examination prior to 
the procedure is necessary to defi ne the uterine po-
sition and anomalies, if present, as well as both ad-
nexal regions. Before any intervention, a pregnancy 
test should be performed. Local or systemic infections 
should be excluded by clinical examination and in-
spection of the genital tract and cervical smears. The 
procedure should never be performed in women with 
active pelvic infections, and antibiotic prophylaxis is 
recommended in patients with a positive history of 
PID. Hysterosonosalpingography should always be 
performed during the early follicular phase of the 
menstrual cycle, after complete cessation of menstrual 
bleeding. This avoids dispersion of menstrual debris 
into the peritoneal cavity. Procedures done in this 
period allow absorption of the media prior to ovula-
tion, thus avoiding the presence of a foreign substance 
around the time of a forming corpus luteum. This 

decreases any potential effect the media may have on 
tubal transport. 

 The technique for performing hysterosonosalpingog-
raphy is similar to x-ray HSG. After voiding, the patient 
is positioned supine on the gynecologic table. With the 
patient’s legs fl exed, a speculum is inserted into the va-
gina and positioned such that the entire cervix is visual-
ized and the os is easily accessible. After washing the 
cervix and the vagina, a tenaculum is placed on the an-
terior lip of the cervix, and the cannula is gently guided 
into the endocervical canal. Application of the contrast 
medium is performed via a thin uterine catheter fi tted 
with a balloon for stabilization and occlusion of the 
internal cervical os. The fi rst observation to be made 
is of the uterine cavity, with verifi cation of the cath-
eter placement. After removal of the tenaculum, the 
endovaginal transducer is introduced into the posterior 
fornix of the vagina. The hypoechogenic contrast (i.e., 
sterile saline) is slowly injected under control of ultra-
sound. At this stage one can observe the morphology of 
the uterus and endometrial lining and detect duplica-
tion anomalies of the uterus or existence of endometrial 
polyps or submucous fi broids that are protruding into 
the uterine cavity, which is marked with anechoic con-
trast (Fig. 31-20). 

 Following visualization of the uterine cavity, lat-
eral sweeps of the ultrasound transducer may allow 
visualization of intratubal fl ow on each side. Inter-
mittent injections of contrast medium during at least 
three observation phases for each tube are needed to 
verify the tubal status. To exclude the formation of 
iatrogenic hydrosalpinx, both adnexal regions and the 
retrouterine space are carefully examined. Progressive 
accumulation of retrouterine fl uid on both sides sug-
gests bilateral tubal patency. If present, adhesions are 
visualized as bright bands in the adnexal region and/
or cul-de-sac. 

 The addition of pulsed Doppler waveform analysis is 
recommended as a supplement to gray-scale imaging in 
cases of suspected tubal occlusion and in cases when 
intratubal fl ow is demonstrated only over a short dis-
tance. When 152 fallopian tubes were analyzed using 
hysterosonosalpingography with pulsed Doppler, con-
ventional hysterosalpingography and dye laparoscopy, 
sonographic evaluation showed 87.5% concordance 
with other techniques, predicted 100% of tubal occlu-
sions, and detected 86% of  patent tubes. 108  

 Color Doppler may also aid to the precision of gray-
scale HSG. Visualization of color and/or power Doppler 
signals passing through the fallopian tube indicates pa-
tency, whereas the absence signifi es tubal occlusion. 110  
Spillage of the fl uid through the fi mbrial end, followed 
by accumulation of the fl uid in the cul-de-sac con-
trolled by endovaginal color and pulsed Doppler, is an 
accurate indicator of tubal  patency. 

 More recently, 3D ultrasound has been introduced 
in evaluation of tubal patency. 107,111,112  The reduction of 
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the procedural time is major advantage in addition to 
multiplanar view, 3D reconstruction, surface rendering, 
power Doppler facilities, accurate assessment of the 
volume, and coronal plane assessment of the uterine 
anatomy, which leads to decreased discomfort of the 
patients. Figure 31-21 illustrates HSG performed by 3D 
power Doppler ultrasound. 

 POSITION AND DISPLACEMENT OF 
INTRAUTERINE CONTRACEPTIVE DEVICE 

 Endovaginal, and in particular 3D ultrasound, enables 
precise evaluation of the uterine anatomy and detec-
tion of submucosal fi broids and congenital anomalies 
before insertion of an intrauterine contraceptive de-
vice (IUCD). 113  The same technique may be effi ciently 
used to follow up the IUCD position, orientation of its 
shaft and branches, and detection of the misplaced 
IUCD. 114  Figure 31-22 demonstrates 3D ultrasound of 
T-type of IUCD. 

 PATHOLOGY BOX 31-3 

 Advantages and Disadvantages of 
Hysterosonosalpingography 

 Advantages  Disadvantages 

  • Avoids 
   • Radiation exposure 
   •  Allergic  reactions 

to iodinated 
 contrast media 

   • General anesthesia 
  •  May be performed as 

outpatient procedure 
  • Short duration 
  •  Well tolerated with 

little discomfort and 
few adverse events 

  •  Real-time demonstra-
tion of tubal patency 

  •  Requires technical 
 competence 

  •  Technique mastery  requires 
10–20 examinations 

  • Steep learning curve 
  •  Tubal spasm may lead 

to misdiagnosis of tubal 
occlusion 

  •  Tubal fl ow may give a 
false impression of tubal 
patency in the presence of 
hydrosalpinx 

 •   Lack of visualization of 
intrapelvic and bowel 
pathology 

A B

C D
 Figure 31-20  A:  Diagram showing an intrauterine catheter used for distention of lumen with saline for detailed internal evaluation of the 
endometrium.  B:  Hyperechoic catheter within the cervix and lower uterine segment (LUS).  C:  The anechoic saline outlines the uterine cavity 
allowing for a single layer measurement of the normal endometrium.  D:  Two focal areas of increased echogenicity within the uterine cavity are 
two polyps clearly outlined after instillation of anechoic contrast medium. (Images B and C courtesy of Derry Imaging Center, Derry NH, Robin 
Davies, Ann Smith, and Denise Raney.) 
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A B

C D
 Figure 31-21  A:  3D power Doppler image of the uterus after injection of contrast medium. The triangular uterine cavity is clearly outlined by 
power Doppler imaging.  B:  Simultaneous assessment of the triangular uterine cavity and proximal part of the tube using 3D power Doppler 
HSG.  C:  3D power Doppler image of a patent fallopian tube.  D:  Simultaneous assessment of the uterine cavity and entire tubal length. Note 
free spillage of the contrast medium from the fi mbrial end of the tube. 

 RADIOTHERAPY PLANNING AND 
MONITORING 

 The goal of radiotherapy is to deliver the highest possi-
ble radiation dose to the malignant tissue and  minimize 
the damage to the adjacent normal tissue. Noninvasive 
endovaginal measurements may precisely determine the 
uterine and cervical size, for example length and width 
of the uterine cavity, anteroposterior dimensions of the 
uterus and cervix, and myometrial thickness, which 
may assist in radiotherapy planning. Prior to radiother-
apy, the urinary bladder should be carefully explored 
for tumor invasion. In patients with cervical cancer, the 
response to radiotherapy may be sonographically moni-
tored. Following radiotherapy, reduction in size and 
echogenicity of the cervical and/or endometrial cancer 
has been reported. 115  Endovaginal ultrasound can also 
detect sequelae of radiotherapy, such as mucometra or 
hematometra due to cervical stenosis (Fig. 31-23). 

 Figure 31-22 3D ultrasound of a T-shaped IUCD. Extension of its 
branches is best demonstrated in coronal plane. 
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 SUMMARY 

 • A gestationally adjusted MSAFP value greater than 
2.5 times the normal limit raises suspicion for birth 
defects or multiple fetuses. 

 • The optimal timing for an amniocentesis is between 
14 and 20 gestational weeks. 

 • To ensure sampling of different amniotic fl uid in 
multiples, an indigo carmine dye injection turns the 
sampled sac a blue color. 

 • The optimal timing for a CVS is between the 9th and 
12th day after the last menstrual period. 

 • Coelocentesis removes fl uid from the embryonic coe-
lomic fl uid surrounding the amniotic sac. 

A B

C D
 Figure 31-23  A:  Attempted HSG in a patient with scarring of the internal os and hematometera.  B:  HSG in the same patient after uterine 
sound had disrupted adhesions. Dye outlined multiple blood clots. Initial diagnosis was uterine cancer.  C:  Ultrasound demonstrating he-
matometra in a patient with postcurettage amenorrhea and scarring of the lower uterine segment.  D:  3D ultrasound image of patient with 
hematometra. 

 • Coelocentesis, performed vaginally, can provide a 
sample as early as 6 weeks. 

 • Fetal blood sampling occurs at the venous cord inser-
tion site. 

 • Fetal transfusion decrease is due to Rh treatment and 
development of PSV MCA guidelines. 

 • An increase in the need for multifetal pregnancy re-
duction is due to ovulation-inducing drug use. 

 • Endovaginally directed procedures include oocyte re-
trieval, ovarian cyst aspiration, pelvis mass biopsy, 
abscess drainage, culdocentesis, local treatment of 
ectopic pregnancy, embryo transfer, tubal catheter-
ization, tubal patency studies, IUCD position, and 
radiotherapy planning. 
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 32  3-D and 4-D Imaging in 
Obstetrics and Gynecology
Bridgette Lunsford

KEY TERMS

3D | 4D | 3D volume | pixel | voxel | orthogonal planes | region of interest (ROI) | 
multiplanar reconstruction (MPR) | tomography | rendering mode | virtual organ 
computer aided analysis (VOCAL) | spatio-temporal image correlation (STIC)

OBJECTIVES

Defi ne common terms related to three-dimensional (3D)/four-dimensional (4D) imaging

Describe the differences between two-dimensional (2D), 3D, and 4D imaging

Identify the advantages of 3D/4D imaging

List the benefi ts and drawbacks of the three data set acquisition techniques

Summarize the basic steps and system settings used to obtain a 3D volume

Recall 3D volume data set manipulation through use of the multiplanar reconstruction 
(MPR) format

List the advantages of using the MPR format

Describe tomographic or multislice ultrasound imaging and list the benefi ts of this 
viewing format

Explain common rendering modes and the clinical application of each

Defi ne virtual organ computer-aided analysis (VOCAL) listing potential clinical 
applications in both OB and GYN imaging

Describe common clinical applications for 3D ultrasound in obstetric and gynecologic 
imaging

Identify the concerns surrounding keepsake imaging and describe the current position 
of the ultrasound community

  801

printing, and transmitting information in any form 
of medical imaging (i.e., radiology, pathology, 
 laboratory, etc.) 

 Multiplanar reconstruction (MPR) Display algorithm 
for viewing more than one plane simultaneously; 
frequently sagittal, transverse, and coronal planes that 
are 90 degrees to each other. Also known as sectional 
planes or orthogonal planes 

 Orthogonal planes Planes that are always at right 
angles (90 degrees) to each other; typically sagittal, 
transverse, and coronal 

 Picture archiving and communication system 
(PACS) Computer or server used to store, retrieve, and 

   GLOSSARY 

 3D ultrasound Imaging technology involving the 
 automatic or manual acquisition and display of a series 
of 2D images 

 3D volume or volume data set Collection of acquired 
2D images 

 4D imaging Continuously updated display of volume 
information; also known as real-time 3D ultrasound and 
live 3D ultrasound 

 C-plane Coronal plane, also called the Z-plane; 
often, 2D imaging does not allow imaging on this 
 reconstructed plane 

 Digital imaging and communication in medicine 
( DICOM) Standard fi le format for handling,  storing, 
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 Threshold Filter used to eliminate low-level echoes 

 Tomographic ultrasound imaging (aka  multislice) 
Display format in which the data is viewed as a series 
of parallel tomographic images similar to the display 
methods traditionally used in computed tomography 
and magnetic resonance  imaging 

 Transparency Determines whether the voxels will be 
more or less see-through 

 Virtual organ computer-aided analysis 
 (VOCAL)  Software program used to measure volume 

 Volume ultrasound Term used to describe both 3D and 
4D imaging 

 Voxel Smallest unit of a 3D volume, consisting of a 
length, width, and depth 

display digital images and patient information from a 
variety of imaging resources 

 Pixel Smallest unit of a 2D image; has a length and a 
height 

 Reference dot Point where all three orthogonal planes 
 intersect within the volume; depicts the same anatomic 
point in three orthogonal planes; also called the marker dot 

 Region of interest (ROI) Area of data acquisition for 
the 3D/4D volume 

 Spatio-temporal image correlation (STIC) Technique 
used to acquire and display a volume data set of the 
fetal heart; the volume displays as a 4D cine sequence 
of the beating heart 

 Surface rendering 3D rendering mode that displays 
the surface or skin of the body without displaying the 
underlying anatomy 

 Ultrasound has changed dramatically over the last 
30 years and continues to experience exciting break-
throughs. Three-dimensional (3D) ultrasound rep-
resents one of the latest innovations in the fi eld. As 
3D technology has rapidly evolved over the last de-
cade, it has gained increasing acceptance, especially 
in the fi elds of obstetrics and gynecology. A review 
of the medical literature reveals hundreds of research 
articles describing clinical applications for 3D and 
four-dimensional (4D) ultrasound. 3D ultrasound has 
the potential to overcome some of the limitations in-
herent in two-dimensional (2D) imaging, and these 
 enhanced diagnostic capabilities are the focus of cur-
rent  research. 1  

 As with many emerging technologies, excitement 
and some skepticism surround the use and application 
of 3D/4D imaging. Although many practitioners believe 
“volume” imaging, a term used to describe both 3D and 
4D technologies, will change the performance of the 
sonographic examination, there are also those who be-
lieve entertainment is the main purpose of these tech-
nologies. As 3D/4D technologies have become widely 
available on commercial ultrasound machines, a grow-
ing number of ultrasound centers have these technolo-
gies available. Despite this  accessibility, many users 
are unfamiliar with the techniques and are therefore 
uncomfortable with their use. In many offi ces, 3D/4D 
imaging is only used to demonstrate the fetal face to the 
parents. This application has popularized 4D imaging 
with the medical community and the public alike; how-
ever, this application is only one small piece of what 
the technology has to offer. 

 3D ultrasound represents a major advancement in 
the fi eld. As with any breakthrough, this advance in 
technology requires clinicians and sonographers to 
learn a new set of skills and even a new language. 2  
Sonographers have always reconstructed 3D images in 

their minds from the serially obtained 2D images. This 
reconstruction has occurred for as long as ultrasound 
has been performed. 3D ultrasound gives a visual dis-
play to these mentally created images. Although the 
new format for reviewing and manipulating the vol-
umes may seem complicated, the concept should be 
familiar, as clinicians have been practicing this since 
the beginning. 

 Numerous research studies have documented the 
benefi ts of volume imaging. 3D ultrasound provides 
anatomic views that are diffi cult or even impossible 
to obtain with 2D ultrasound. Regardless of volume 
acquisition methods, data manipulation allows view-
ing of data on any plane or orientation. The volume 
of data obtained from one 3D acquisition can increase 
diagnostic confi dence by providing an infi nite number 
of images to the clinician rather than the multiple still 
images included in a traditional examination. The abil-
ity to review and reconstruct these volumes offl ine after 
the patient has left the exam room opens up the pos-
sibility to receive remote consultation from experts in 
the fi eld. Another advantage is the ability to reconstruct 
images rapidly in a manner similar to CT or MRI, pro-
viding the potential to standardize examinations and 
increase productivity and effi ciency while maintaining 
diagnostic quality. 5  

 This chapter reviews the many applications of this 
exciting and still evolving technology. This chapter con-
tains information on the volume acquisition process, 
available data display options, rendering techniques, 
and the clinical applications in both obstetrics and 
gynecology. Learning the terminology and techniques 
 involved in 3D/4D imaging helps eliminate some of the 
apprehension those new to the technology might expe-
rience. Developing a familiarity with the available tech-
nologies encourages ultrasound practitioners to include 
3D/4D imaging in their diagnostic process. 
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 HISTORY OF 3D/4D IMAGING 
 3D ultrasound has been one of the most rapidly 
 evolving techniques in ultrasound. Engineers and cli-
nicians have been working to make 3D ultrasound a 
reality since the early 1970s, but the greatest advances 
have occurred in the last decade. 2  In early 3D tech-
nology, large computers separate from the ultrasound 
scanner processed the data. Additional equipment at-
tached to the ultrasound transducer made it bulky and 
diffi cult to use (Fig. 32-1). In the 1980s, the process 
was still time consuming because of the massive com-
puter processing required to reconstruct a 3D image. 
This process could take hours, and the resulting image 
was without the diagnostic information of the original 
2D image. 2  

 Breakthroughs in 3D technology have paralleled 
the rapid advancements in computer speed, size, and 
memory volume. 1,6,7  As computers became faster and 
smaller, the processing speed needed to make the nec-
essary computations in a timely manner became pos-
sible. The ultrasound scanner is essentially a computer; 
therefore, as faster data manipulation became a reality, 
image reconstruction moved from separate computers 
to the scanner itself. 1,2,6,7  This change occurred in the 
1990s and made the use of 3D ultrasound possible in 
clinical practice. 2  

 Commercially available ultrasound equipment be-
came available in the mid to late 1990s and has evolved 
rapidly since its introduction (Fig. 32-2). 7  The most 
 clinically relevant advances have been faster  acquisition 
speeds, higher volume rates, and an ever-increasing 
number of display options. 13  These improvements made 
3D faster, more sensitive, and easier to use and have 
helped move 3D/4D technologies from experimental 
techniques to an accepted part of clinical practice. 

 WHAT IS VOLUME ULTRASOUND? 
 2D ultrasound examination consists of acquiring and 
storing a series of single images. These images of repre-
sentative anatomy make up the examination. Although 
some postprocessing of the images is available, what 
you see is what you get. Resolution of questions re-
garding the imaged anatomy requires additional imag-
ing of the patient. Sometimes, this involves bringing the 
patient back to the offi ce. Volume ultrasound has the 
potential to change the way we evaluate patients. 

 Volume ultrasound is a term used to describe both 3D 
and 4D imaging. These technologies are termed “vol-
ume ultrasound” because, instead of acquiring and stor-
ing single images, they are capable of acquiring entire 
volumes of data. This leads us to the question of what 
makes up a volume of data or a volume data set. When 
discussing a 2D image, the smallest unit that makes up 
the image is the pixel or picture element (Fig. 32-3). 6  A 
pixel has an X and Y dimension and is essentially fl at. 
The smallest unit of a 3D data set, or a volume, is the 

Figure 32-3 Pixels are the smallest unit of a 2D image and are made 
up of an X- and Y-axis. Voxels are the smallest unit of a 3D volume 
data set and are made up of an X-, Y-, and Z-axis. A voxel has depth. 
(Diagram courtesy of GE Healthcare, Wauwatosa, WI.)

PIXEL = 2D VOXEL = 3D

Figure 32-1 Early 3D transducers. (Photograph courtesy of GE 
Healthcare, Wauwatosa, WI.)

Figure 32-2 Early 3D image. (Images courtesy of GE  Healthcare, 
Wauwatosa, WI.)
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transducer, the equipment has no knowledge of the trans-
ducer’s position or orientation; therefore, no measure-
ments can be performed when using this method. 2,4,6,8  

 In sensor-based techniques, a separate transmitter 
creates an electromagnetic fi eld (Fig. 32-5). Sensors 
placed on the outside of a conventional 2D transducer 
allow recording of the motion, position, and orientation 
of the transducer throughout the volume acquisition. 
This method requires additional equipment and can be 
bulky; however, the knowledge of position and orienta-
tion allows measurements in any plane. 2,8  The volume 
acquisition process is identical to the technique used in 
freehand acquisition and requires the user to manually 
sweep the area of interest with a slow steady sweep. 

 The third and most common method of obtaining a 
volume data set involves using a mechanical 3D/4D trans-
ducer. These transducers are capable of conventional 2D 
scanning and can also obtain 3D/4D volumes (Fig. 32-6). 
A motor contained within the transducer housing provides 
an automated sweep. The transducer is steered electroni-
cally without external moving parts 8  and remains station-
ary over the area of interest while transducer elements 
sweep in a fanlike motion. 2  The motor either performs 
a single static sweep for a 3D volume or continuously 
sweeps back and forth to acquire a 4D volume. Instead 
of the external sensors used in the sensor-based trans-
ducers, mechanical transducers incorporate the sensor 
into the transducer housing. 2  The sensors provide spatial 
information, allowing for precise volume reconstruction 
and quantitative measurements in all planes. 8  Mechani-
cal transducers provide smooth, consistent data acquisi-
tion and have become the industry standard. 2  Mechanical 
3D/4D transducers are commercially available for many 
applications and include abdominal, endovaginal, and 
high-frequency linear transducers. Transducers for pediat-
ric and cardiac examinations are also available. 

voxel or volume element. 6  A voxel is a 3D cube com-
posed of X, Y, and Z dimensions, giving the voxel depth. 
One analogy is to think of a 2D image as a single page 
in a book, whereas the volume data set is the entire 
book made up of hundreds of individual pages. Viewing 
the information found on each page in the book is as 
easy as fl ipping through the pages. The same is true of 
a volume data set; scrolling through the volume allows 
evaluation of any image or plane within the data set. 

 ACQUISITION TECHNIQUES 
 The fi rst step in performing a 3D ultrasound involves 
acquiring the volume data set. The acquisition can be 
done in a number of ways. Current methods for acquir-
ing the volume include freehand, sensor-based, and au-
tomated acquisition. 

 Freehand volume acquisition techniques allow the 
use of conventional 2D transducers. The benefi t to this 
method is that no additional equipment is required. In 
this method, examiners manually sweep the transducer 
through the area of interest, as they routinely do with 
real-time scanning (Fig. 32-4). 2  This method does require 
some practice, as a slow, steady sweep is required and a 
fast frame rate must be maintained. When using the 2D 

Figure 32-4 This diagram illustrates the freehand method of acquir-
ing a data set.

Figure 32-5 Sensor-based 3D requires the use of a separate trans-
mitter to create an electromagnetic fi eld. Sensors placed on the 
transducer relay the position and orientation of the transducer to the 
ultrasound scanner. (Photograph courtesy of GE Healthcare, Wau-
watosa, WI.)
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Matrix transducers use more transducer crystals to pro-
vide greater out-of-plane focus and spatial resolution 
(Fig. 32-8). 4,8,9  Developments in matrix technology will 
eventually allow volume rates closer to real-time imag-
ing and may prove especially useful in evaluating the 
fetal heart (Fig. 32-9). 4,8  

 OBTAINING A 3D VOLUME 
 The following steps describe the method used to store a 
3D volume with a mechanical 3D transducer. Although 
the terminology differs with each ultrasound manufac-
turer, the basic steps remain the same. When acquiring 
a 3D volume, the fi rst step is to determine the region 
of interest (ROI) or the area to include in the volume. 
Place the ROI box over the structure and include the 
data acquired on the X and Y-axis (Fig. 32-10). The ROI 
determines the width and height of the volume data 
set, but unlike a 2D image, a volume also contains a 
Z-axis or depth. Adjusting the volume angle controls 
the amount of information acquired in the Z-axis. The 
volume angle is equal to the distance the transducer 
covers during the sweep. 10  When evaluating a smaller 
organ such as the fetal heart, use a small volume angle; 
for evaluating a larger organ, such as the uterus, use a 
larger volume angle. 

 One user-controlled parameter, the acquisition speed, 
changes the quality of the resulting data set. 6  Slower ac-
quisition speeds result in more slices, and therefore the 
acquisition of a larger volume of data. 6  The images will 
be closer together and less data will need to be fi lled 
in or interpolated. This results in a higher-quality vol-
ume and higher resolution in the reconstructed planes. 11  
Slower acquisitions can be used in gynecologic  imaging 
and in cases where the fetus is not moving. 7,11  Faster 
acquisition speeds are needed with an active fetus to 
eliminate motion artifacts. 7,11  

 2D image quality is extremely important when ac-
quiring a volume. Poor 2D image quality results in a 
poor quality volume data set. Optimize the 2D image 
parameters before beginning the volume acquisition. 
Optimization of the 3D parameters occurs upon acti-
vation of the system 3D option. The ROI box appears 
on the screen, allowing sizing to include the desired 

 As transducer technology improves, a new class of 
3D/4D transducers called matrix transducers is avail-
able for research purposes in obstetric imaging. The 
primary use for this transducer is with cardiac ap-
plications (Fig. 32-7). Matrix technology offers many 
advantages over the current mechanical transducers. 

Figure 32-6 Mechanical 3D/4D transducers contain a motor within 
the transducer housing that provides a consistent automated sweep. 
Endocavitary, high-frequency linear, abdominal, and pediatric 3D/4D 
transducers are available. (Photograph courtesy of GE Healthcare, 
Wauwatosa, WI.)

Figure 32-7 The x7-2 transducer has a smaller, square footprint due 
to the matrix crystal contained within the housing. (Photograph cour-
tesy of Philips Medical Systems, Bothell, WA.)

Figure 32-8 The left photograph illustrates the crystal confi guration 
in a conventional transducer. The right image demonstrates the size 
and positioning of the matrix transducer crystal. (Photograph cour-
tesy of Philips Medical Systems, Bothell, WA.)
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Figure 32-9 A: An image obtained with a matrix transducer of a fetus with Apert syndrome. Note the changes in color to help determine 
which structures are closer to the viewer. B: The crystal confi guration of the matrix transducer allows for the creation of a bi-plane image. In this 
case, two color images of the fetal heart at 90 degrees to each other. (Images courtesy of Philips Medical Systems, Bothell, WA.)

A B 

anatomy. The sonographer chooses the correct volume 
angle and quality setting. With the patient still and res-
piration suspended, activate the 3D. The transducer is 
held still, and the  array inside the transducer housing 
performs a slow, single sweep of the ROI (Table 32-1). 
The orthogonal planes appear on the screen at the con-
clusion of the acquisition. The  volume can be stored to 
the ultrasound scanner’s hard drive. Frequently, several 
volumes are taken to ensure that the anatomy of inter-
est is included in the data set. Acquiring a 3D volume 
takes less than a minute and can add crucial informa-
tion to the ultrasound examination. 

 3D MULTIPLANAR RECONSTRUCTION 
 Once the volume is acquired and stored, a display for-
mat is chosen. Many formats exist for viewing the data 
set; however, the MPR display takes the volume infor-
mation and displays it in a usable format. With this 
format, the three orthogonal planes and the rendered 
image are displayed on the same screen. 

 The three orthogonal planes are always at right an-
gles (90 degrees) to each other. 2,7  The image displayed 
on the top left of the screen is called the acquisition 
or A plane. The image on the top right of the screen, 
or B plane, is 90 degrees to the A plane in a vertical 
 orientation. The image on the lower left of the screen 
is the C plane, or coronal plane. This plane is perpen-
dicular and horizontal to the A plane. 10,12  The A, B, and 
C planes are synonymous to the X, Y, and Z planes that 
make up the volume data set; however, depending on 
the volume acquisition and manipulation, they may not 
correlate directly. 2  If the image was acquired in the sag-
ittal plane, the A plane displays the sagittal image, the 
B plane a transverse image, and the C plane a coronal 
image (Fig. 32-11). 6  The rendered image displays on the 
lower right of the screen and is a composite image of 
slices contained within the volume. 

Figure 32-10 An ROI box is placed on the screen and can be sized 
to include the area of interest. The size of the ROI box determines 
what data are acquired in the X and Y planes. The icon located in 
the lower right of the image indicates the angle of data acquisition.

TABLE 32-1

Basic Steps for a 3D Acquisition

• Optimize your 2D image parameters
• Select ROI
• Adjust volume angle
• Select quality setting
• Have patient hold his or her breath
• Activate 3D mode
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 The ROI box determines the amount of information 
displayed in the A and B planes, whereas determination 
of the amount of information in the C plane is through 
the size of the volume angle. The A plane, or the ac-
quired plane, has the highest resolution. The B and C 
planes are reconstructed from the volume data set and 
have a lower resolution than the A plane. The C plane 
has the lowest resolution. 2,10  

 The point where the three orthogonal planes inter-
sect is marked by a dot, sometimes called the marker 
dot or reference dot (Fig. 32-12). 4,6,7  This dot represents 
the same point, or voxel, in all three planes. 6,7  When 
evaluating pathology, the dot can be placed in the area 
of interest in one of the planes and the exact same 
area simultaneously displays in the other planes. 4,6  The 
marker dot is useful when evaluating the spatial rela-
tionships between anatomy and maintaining orienta-
tion when reconstructing the volume. 

 When viewing the MPR display, the user is not 
 limited to the three images that are initially displayed. 
Manipulation of the data set produces an infi nite 
 number of  images. Remember, the data is stored as a 
volume, not as a single slice. This format allows the 
user to rotate the images along any axis. Each image 
can be rotated  using the X, Y, and Z rotations. Linked 
planes maintain the orthogonal planes at right angles 
to each other, and the reference dot marks the same 
point in all three planes. The translation control, also 
referred to as parallel shift, sweeps through each plane 
front to back or side to side. With these controls, the 
 orthogonal planes can be manipulated into virtually 

any orientation and give clinicians the benefi t of what 
is often called a “virtual rescan.” Manipulating the vol-
ume is similar to moving the transducer to obtain a 
better view. Now this can be done without the patient 
even in the room.  Orientation markers placed on the 
screen allow the user to maintain orientation, limiting 
confusion during data set manipulation. 

 The MPR display provides the option of viewing 
the anatomy of interest from three different planes 
simultaneously, giving the clinician the possibility of 

Figure 32-11 The A plane is the acquired plane and in this case is a sagittal image of the fetal face. The B plane is 90 degrees to the A plane 
and is a transverse image of the fetal orbits. The C plane demonstrates the coronal plane of the face, and the lower right image is a surface 
rendered view of the face. (Images courtesy of Philips Medical Systems, Bothell, WA.)

Figure 32-12 The colored marker or reference dot represents the 
same point in all three planes and can be moved within the volume 
to identify an area of interest in the three orthogonal planes simulta-
neously. In this volume, the marker dot is placed within the endome-
trium. (Image courtesy of GE Healthcare, Wauwatosa, WI.)
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format displays the volume information quickly and 
thoroughly and can lead to improved comprehension of 
the anatomic structures. 16  

 RENDER MODES 
 Once the volume is stored, different rendering modes 
can be applied to the same volume, yielding different in-
formation from the same data source. Rendering modes 
are different algorithms that are used to display the 3D 
data set on the screen. 2  The wide array of available ren-
dering modes has given sonographers images they never 
thought possible, and the options continue to expand. 
The variety of rendering techniques allows the examiner 

evaluating anatomic structures from multiple perspec-
tives. 2,4,6  This format displays the traditional planes as 
well as those that have been unavailable with conven-
tional ultrasound. The C plane, or Z plane as it is some-
times called, is the plane that we are unable to acquire 
with 2D scanning and can be critical for making certain 
diagnoses. Understanding this data display enables the 
clinician to produce diagnostic images quickly from the 
volume data set. 2  With a little practice, manipulating 
the volume data set can become as intuitive as manu-
ally scanning the patient in real time, and it provides 
even more possibilities. 

 TOMOGRAPHIC ULTRASOUND 
IMAGING 
 On many ultrasound scanners, the data can also be 
displayed as a series of parallel tomographic images 
similar to the display methods traditionally used in 
computed tomography (CT) and magnetic resonance 
imaging (MRI). 4,7,13,14  This display format is often called 
multislice or tomographic ultrasound. A reference or 
overview image is shown in the upper left hand corner 
and provides an anatomic reference for the slices dis-
played (Fig. 32-13). 4  The reference slice shows the posi-
tion of each individual parallel slice within the volume 
data set. 4  The user can select the number of slices and 
the distance between the slices displayed. The X, Y, and 
Z rotational controls that are available in the MPR dis-
play are also available in the tomographic display. The 
volume can also be acquired using color or power Dop-
pler, and this information can be displayed in the mul-
tislice format. 7  Tomographic imaging allows the user to 
rapidly and effi ciently reconstruct images in a format 
similar to CT or MRI. 5,15  This format could allow ultra-
sound to implement more uniform protocols similar to 
other imaging modalities. 5  The tomographic ultrasound 

Figure 32-14 In this surface rendering of the fetal face and arm, 
the skin—or surface—of the fetus is displayed without display-
ing the underlying anatomy. (Image courtesy of GE Healthcare, 
 Wauwatosa, WI.)

Figure 32-13 A,B: Tomographic ultrasound imaging is a quick way to evaluate an organ of interest. The parallel lines in the top left reference 
image represent the spatial relationship and distance between the slices displayed on the screen. In Figure A, the slices are spaced further 
apart to evaluate the entire uterus. In Figure B, the slices are tightly spaced to closely interrogate one level on the fetal spine in more detail. 
(Image courtesy of GE Healthcare, Wauwatosa, WI.)

A B
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controls how smooth the surface appears. Surface tex-
ture adds texture to enhance the details of the surface. 
The gradient light setting displays the structure as if 
it were illuminated by a light source. 6  This technique 
provides an impression of depth that gives the images 
a more lifelike appearance. 2  The threshold can also 
be manually adjusted. A low threshold setting rejects 
fewer low-level echoes. Be careful, as a high thresh-
old could eliminate more echoes but remove valuable 
information. (Fig. 32-15). 2  The transparency control 
determines the degree to which we see through the 
voxel. 2  An electronic eraser or scalpel is available to 
remove unwanted structures in the image. This tech-
nique is similar to  editing a digital photo (Fig. 32-16). 
The restore or initialize button undoes any changes 

to highlight different characteristics of the same anatomy, 
such as the bony structures of the palate or the soft tissue 
of the lips. 4,16  This section discusses some of the most 
commonly used render modes and their clinical utility. 

 Surface rendering techniques are without a doubt 
the most recognizable of the rendering modes. 6,7  Sur-
face renderings of the fetal face are what have given 
3D/4D technologies their popularity with both patients 
and the medical community (Fig. 32-14). The surface 
rendering mode displays the surface of the face or body 
without displaying the underlying anatomy. 13  This 
 allows for better visualization of the soft tissues. 

 Various controls are available within the surface ren-
der mode, such as surface smooth, surface texture, or 
gradient light. As the names suggest, surface smooth 

Figure 32-15 A: Applying a low threshold to the surface-rendered image of the fetal face eliminates few echoes, allowing for visualization 
of the skin of the face. The underlying bony structure is not seen. B: Raising the threshold on the same volume eliminates the lower intensity 
echoes of the skin and highlights the bony structure of the face. (Image courtesy of GE Healthcare, Wauwatosa, WI.)

A B

Figure 32-16 An electronic scalpel can be used to remove the placenta, umbilical cord, uterine wall, and other structures surrounding the 
fetus. (Image courtesy of GE Healthcare, Wauwatosa, WI.)

A B
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Figure 32-17 Maximum rendering or x-ray mode highlights the 
maximum intensity echoes in a volume such as the fetal skeleton in 
this image. (Image courtesy of GE Healthcare, Wauwatosa, WI.)

Figure 32-18 Inversion mode is used in this volume to better 
 demonstrate the size and shape of the dilated fetal ventricles. Inver-
sion mode displays fl uid-fi lled structures as solid volumes. (Image 
courtesy of GE Healthcare, Wauwatosa, WI.)

that have been made and returns the volume to the 
original saved version. 

 Maximum, skeletal, or x-ray mode reduces or elimi-
nates the weaker echoes of the soft tissue structures 
and prominently displays the strong echoes of the bony 
skeleton (Fig. 32-17). 6,7,13  This rendering mode is use-
ful for evaluating the spine, extremities, cranial sutures, 
and bones of the face. 

 Two techniques are used for evaluating hypoecho-
ic structures: minimum mode and inversion mode. 
 Minimum mode is used to evaluate hypoechoic or 
 fl uid-fi lled structures. 13  This mode can be used to 
evaluate fl uid-fi lled structures in the fetus such as the 
fetal circulatory system, stomach, urinary tract, and 
 ventricles of the brain. Minimum mode is also help-
ful in evaluating the saline-fi lled uterine cavity  during 
 sonohysterography. Inversion mode takes the hypoecho-
ic structures and displays them as a solid structure or 
creates a digital cast of the object. 13  The gray-scale por-
tions of the anatomy are removed and all cystic areas 
within the entire volume are imaged together as echo-
genic areas. 17  This improves visualization of complex 
cystic structures that cannot be imaged in their entirety 
with a single slice. 7,17  Inversion mode is especially useful 
in evaluating a dilated fetal urinary tract or hydrocepha-
lus (Fig. 32-18). Pelvic imaging inversion mode is used 
to investigate complicated hydrosalpinx and polycystic 
ovaries, and it can be used to count follicles quickly dur-
ing follicular stimulation. 17  When using both minimum 
mode and inversion mode, the threshold must be set 
correctly. If the threshold is set too high, only purely 
cystic areas are displayed; if the setting is too low, solid 
areas may be included in the display. 17  

 Glass-body or transparency mode is a rendering 
mode that is used in conjunction with power or col-
or Doppler (Fig. 32-19). 7  This technique is useful for 
highlighting the vascular anatomy while still display-
ing the surrounding tissues. 13  In this mode the tissue is 
more transparent, allowing the vessels throughout the 
 volume to show through, making the relationship of the 
blood vessels to the surrounding anatomy more appar-
ent. All gray-scale data can be removed to display only 
the vascular anatomy to display a color Doppler image 
similar to an angiography (Fig. 32-20). 7  

 Once the volume data set is stored, multiple render-
ing methods can be applied to the same volume to in-
terrogate different structures. One volume can provide 
almost limitless diagnostic possibilities. The potential 
to evaluate the anatomy in a variety of ways after the 
patient has left the exam room is one of the greatest 
advantages of 3D technology. 

 Virtual organ computer-aided analysis or VOCAL is a 
3D measurement tool that is used to calculate the volume 
of an object such as the endometrial cavity, an ovarian 
cyst, or fetal organs such as the lateral ventricles, lungs, 
and bladder. 4,13,18,19  VOCAL allows contour mapping of a 
region of interest, creating a 3D model of the object of 
interest. The complicated volume calculation supersedes 
the spheroid formula often used (L  �  W  �  H/1.57). The 
data set is rotated 180 degrees around a fi xed central 
axis through a preset number of rotation steps. At each 
step, tracing of the object contours occurs either manu-
ally or automatically. After the contours are outlined, the 
system then reconstructs a contour model and provides 
a volume measurement. 14  

 3D VERSUS 4D 
 3D and 4D imaging modes are two distinct types of 
volume imaging. 3D is sometimes referred to as “static 
3D.” In 3D imaging, the ultrasound transducer makes 



 32 — 3-D and 4-D Imaging in Obstetrics and Gynecology 811

Figure 32-20 When using glass-body or transparency mode the 
surrounding tissue can be completely removed to display only the 
vasculature, as in this volume of the umbilical cord. (Image courtesy 
of GE Healthcare, Wauwatosa, WI.)

a single sweep through the area of interest and the ob-
tained volume is stored and viewed in one of the many 
available formats. 4D imaging is often called “live or 
real-time 3D.” When obtaining a 4D image, the trans-
ducer elements sweep back and forth, continuously ac-
quiring volume data to obtain an image close to real 
time. The volume rate in 4D imaging is the number of 
volumes acquired per second, similar to the frame rate 
in 2D imaging. 2  The higher the volume rate, the closer 
to real time the images appear. 

 4D imaging is useful in many aspects of fetal imag-
ing. The volume acquisition process is similar to that of 
3D imaging. The ROI box is placed over the region of in-
terest and the 4D mode is activated with the  appropriate 

control. The transducer is held still while the transduc-
er elements continuously sweep back and forth over 
the area. Fetal position, amniotic fl uid volume, and 
maternal body habitus affect the image in 3D/4D imag-
ing just as they do in 2D imaging. To acquire a good 
4D image of the fetal face, the fetus must be in a good 
position with amniotic fl uid surrounding the face. The 
face should not be in contact with the uterine wall or 
placental surface. At least a small amount of fl uid must 
be present between the fetal face and the uterine wall 
or placenta to obtain a surface rendering. With 4D so-
nography, fetal movement and facial expressions can 
be observed. Scanning in 4D allows the user to make 
changes to the image dynamically. The user can reposi-
tion the transducer to obtain a better angle, reposition 
the ROI, or change gain and other 2D parameters. 

 USE OF 3D/4D IN GYNECOLOGY 
 3D ultrasound has proven to be a complementary tool 
for a number of clinical applications in gynecology 
(Table 32-2). In particular, visualization of the coronal 

TABLE 32-2

Clinical Applications of 3D/4D in Gynecology

• Congenital uterine anomalies
• IUD location
• Endometrial lesions
• Determining fi broid number and location
• Origin of adnexal masses
• Saline-infused sonohysterography
• Infertility evaluation

A B
Figure 32-19 Glass-body or transparency mode uses color or power Doppler to provide a 3D visualization of the vasculature of a structure. 
The surrounding tissue is more transparent so that the anatomic relationships can be better evaluated. A: Vasculature of the fetal brain. 
B: Fetal aortic arch. (Image courtesy of GE Healthcare, Wauwatosa, WI.)
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4% of the general population and are associated with 
an increased risk of infertility and poor pregnancy out-
come. 21,22  2D ultrasound does not always accurately dis-
tinguish between a bicornuate and a septate uterus. Ei-
ther hysteroscopic and laparoscopic evaluation of uterine 
morphology and contour or MRI has traditionally been 
the most reliable way to distinguish between the two 
conditions. 21,22  Visualizing the coronal plane of the uterus 
with 3D endovaginal ultrasound is a more  effi cient and 
economical way to make this diagnosis and has been 
shown to be extremely accurate. 7  The coronal plane is 
benefi cial for examining the fundal contour of the uterus 
as well as the endometrial canal, enabling a more accu-
rate diagnosis of uterine anomalies (Fig. 32-21). 21,22  

 Diagnosis of a bicornuate uterus is made through the 
visualization of two separated uterine cornua on a cor-
onal imaging plane. An external fundal indentation of 
greater than or equal to 1 centimeter (cm) is diagnostic 
of the bicornuate uterus. 21  A uterus is diagnosed as sep-
tate when a septum dividing the cavity is demonstrated 
in the presence of a less-than-1-cm notch in the fundal 

plane of the uterus is one of the greatest advantages 
of 3D ultrasound in pelvic imaging. The coronal plane 
cannot be obtained with conventional 2D imaging, and 
visualizing this plane is crucial to certain diagnoses. 
Applications include: 

 • Evaluating the uterine shape and contour for con-
genital anomalies 

 • Ovary evaluation 
 • Identifying the exact location of fi broids or intra-

uterine contraceptive devices 
 • Evaluating the endometrium for polyps or other 

lesions 
 • Determining the origin of adnexal masses 
 • Guidance for procedures such as  sonohysterography 
 • Evaluation of the pelvic fl oor 5,20  
 3D pelvic ultrasound is noninvasive and less  costly 

than MRI and should be used whenever possible to make 
a more defi nitive diagnosis and avoid further testing. 

 One of the most useful applications of 3D ultrasound 
in gynecology is in the evaluation of congenital uterine 
anomalies. Mullerian duct anomalies occur in 3% to 

A B

C

Figure 32-21 The coronal plane of the uterus can be used to evalu-
ate fundal and endometrial contour. A: Coronal view of the uterus 
showing normal endometrial contour. B: Multiplanar view of the uterus 
demonstrating a submucosal fi broid distorting the endometrial  cavity. 
C: Coronal view of same patient highlighting the fi broid location. 
 (Image courtesy of GE Healthcare, Wauwatosa, WI.)
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contour. 21  An arcuate uterus has a normal external uter-
ine contour and concave fundal indention of the endo-
metrial cavity of less than 1 cm (Fig. 32-22). 21  Surgical 
techniques for repairing Mullerian duct anomalies have 
become more advanced and require a detailed evalua-
tion of the uterus and the endometrium. 23  Making the 
distinction between a septate uterus and a bicornuate 
uterus is an important  diagnosis and can be helpful for 
surgical planning. 22  3D endovaginal ultrasound can pro-
vide a more complete evaluation and make additional 
imaging, such as MRI, unnecessary (Fig. 32-23). 23  

 3D ultrasound can also provide additional informa-
tion during saline-infused sonohysterography.  After sa-
line injection, a volume of the uterus can be quickly 
stored to the hard drive. 3D reconstruction has been 
shown to offer improved visualization of polyps, fi -
broids, and adhesions, especially in complex cases. 23  
The coronal view offers a better view of any cavity 
distortion and can provide a better global perspective 
(Fig. 32-23). 23  One of the greatest benefi ts, though, is 
patient comfort. Because the volumes can be stored 

Figure 32-22 Coronal view of the endometrial cavity in an  arcuate 
uterus. The endometrial notch  measures less than 1 cm. (Image cour-
tesy of GE Healthcare, Wauwatosa, WI.)

C

A B

Figure 32-23 Congenital uterine anomalies. A: Coronal view of a sep-
tate uterus. B: Septate uterus. C: Coronal view of a bicornuate uterus. 
(Image courtesy of GE Healthcare, Wauwatosa, WI.)
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Figure 32-24 Tomographic  display 
of the sagittal uterus during sono-
hysterography. A polyp is seen pro-
jecting into the endometrial  cavity. 
The parallel slices are set close 
together to evaluate the polyp. 
 (Image courtesy of GE Healthcare, 
 Wauwatosa, WI.)

quickly, the examination can be completed in a shorter 
amount of time and frequently with less saline, without 
compromising the results. 7  The volume can be recon-
structed once the examination is complete, allowing for 
a more thorough evaluation of the anatomy. The clini-
cian can scroll through the volume in all three planes 
and can also magnify or measure any areas of concern. 
Inversion mode can be used during saline infused sono-
hysterography to essentially create a cast of the cavity.  7  
3D ultrasound during sonohysterography offers many 
benefi ts over conventional 2D ultrasound, from patient 
comfort to improved diagnostic confi dence (Fig. 32-24). 

 3D imaging of the coronal plane of the uterus can 
be a meaningful addition in cases of intrauterine de-
vice (IUD) location. 24  Frequently, an ultrasound exami-
nation is requested to confi rm the location of an IUD 
when the string cannot be located on physical exami-
nation. 3D ultrasound has improved the precision of lo-
cating IUDs. The coronal view provides a precise view 
of the location of the IUD, confi rming the  location of 
all device parts within the endometrial canal and can 
many times visualize the string, as well (Fig. 32-25). 24,25  
Cases of malposition or perforation can be more eas-
ily diagnosed and, because correct positioning has an 

Figure 32-25 Multiplanar display 
of the uterus showing normal place-
ment of an IUD within the endome-
trial cavity. (Image courtesy of GE 
Healthcare, Wauwatosa, WI.)



 32 — 3-D and 4-D Imaging in Obstetrics and Gynecology 815

impact on the effectiveness of the device, the diagnosis 
is an important one. 24,25  3D imaging can diagnose the 
existence of an intrauterine pregnancy (IUP) in a bicor-
nuate uterus or the coexistence of an IUP and an IUD in 
a bicornuate uterus (Fig. 32-26). 24,25  Imaging the coro-
nal plane of the uterus for IUD placement and uterine 
anomalies gives a more defi nitive diagnosis, instead of 
the presumptive diagnosis 2D imaging supplies. 24  

 A new method of permanent birth control called Es-
sure was approved by the Food and Drug Administration 
(FDA) in 2002 and is performed by a growing number of 
gynecologists in the United States. 26  Essure is an attrac-
tive alternative to traditional tubal ligation because it 
is performed without an incision. 26  Using hysteroscopic 

guidance, microinsert coils are placed into each fallo-
pian tube. Within 3 to 6 months, the coils stimulate 
tissue growth that occludes the fallopian tubes. 26  Cur-
rent protocol calls for a hysterosalpingogram (HSG) to 
be done at 3 months to confi rm successful occlusion of 
the fallopian tubes. 26  3D ultrasound could provide a less 
 invasive alternative to HSG to confi rm correct place-
ment of the coils in the cornua without exposing the 
patient to ionizing radiation (Fig. 32-27). 26  

 Although it is valuable in many clinical situations, 
3D reconstruction does not provide additional infor-
mation in all examinations. Studies have shown that 
the coronal view was not helpful in evaluating patients 
with normal 2D ultrasounds. 22,27  The measurement of 

Figure 32-26 A: Coronal reconstruction of a bicornuate uterus containing an IUD within one of the endometrial cavities. B: Coronal recon-
struction of a septate uterus with an IUP in one endometrial cavity and an IUD in the second cavity. (Image courtesy of GE Healthcare, Wau-
watosa, WI.)

A B 

Figure 32-27 A: Mulitplanar reconstruction of a uterus following Essure placement. The echogenic Essure device can be seen in the right 
cornua on both the coronal and rendered images. B: Rendered image of the same patient confi rming correct placement of the coils. (Image 
courtesy of GE Healthcare, Wauwatosa, WI.)

A B



 816 PART 2 — OBSTETRIC SONOGRAPHY

the endometrial lining has been shown to be an impor-
tant indicator of the usefulness of the coronal view. 27  
Reconstructing the coronal view of the endometrium is 
technically diffi cult in patients with an endometrial lin-
ing measuring less than 5 millimeters (mm). 22,27  When 
the endometrial lining measures more than 5 mm, the 
reconstructed view is likely to offer greater clinical ben-
efi t. Acquiring the 3D volume, however, is not time con-
suming and can be added to the 2D scan quickly when 
clinically indicated. 

 When implementing a new technology such as 3D, 
any technique that reduces the learning curve and sim-
plifi es the process is appreciated. The Z-technique, in-
troduced by Abuhamad et al., is a step-by-step process 
used to reconstruct the coronal plane of the uterus from 
a 3D volume. 28  The Z-technique outlines the steps nec-
essary to manipulate the 3D volume and produce an 
image of the coronal plane of the uterus (Table  32-3). 
According to Abuhamad et al., the Z-technique “adds 
simplifi cation and consistency to the manipulation of 
3D volumes of the uterus and thus is a fi rst step along 
the path of standardization.” 28  Physicians and sonogra-
phers alike express concern over the lack of standard-
ization in both the acquisition and  manipulation of 
3D volumes. 5,28  Protocols such as the Z-technique that 
make using 3D easier increase acceptance and use of 
the technology in the clinical setting (Fig. 32-28). 5,28  

 Acquiring a 3D volume with power Doppler could 
potentially help distinguish benign adnexal tumors 
from those that are malignant. 29,30  Power Doppler an-
giography allows for a 3D reconstruction of a tumor’s 
vascular network and could help reduce the false-pos-
itive rate that is associated with tumor diagnosis by 
2D ultrasound. 29,30  The vessel patterns between the two 
types of tumors appear to be different. Malignant tu-
mors tend to have a vascular distribution that is more 
chaotic with more vessel narrowing, microaneurysms, 

TABLE 32-3

Steps for Obtaining a Coronal Plane of the Uterus 
Using the Z-Technique28

• Obtain a 3D volume of the uterus in the sagittal plane
• Use the MPR display to view the volume
•  In the A plane (sagittal image) place the reference dot in 

the center of the endometrium
•  Using the Z rotation knob, align the endometrium so that 

it is parallel to the horizontal plane
•  In the B plane (transverse image) place the reference dot 

in the center of the endometrium
•  Again use the Z rotation knob to straighten the transverse 

image so that the endometrium is parallel to the 
horizontal plane

•  The C plane should now display a coronal image of 
the endometrium. Use the Z rotation knob to rotate the 
C image so that the coronal plane is visualized in the 
traditional orientation

and abnormal branching patterns.  29  Once the volume 
is stored, VOCAL can be used with power Doppler 
vascular indices to give a more objective view of the 
tumor’s vascularity. 29,30  Three power Doppler vascu-
lar indices are used: vascularization index (VI), fl ow 
index (FI), and vascularization fl ow index (VFI). VI 
measures the percentage of color voxels to grey-scale 
voxels in the acquired volume, and therefore repre-
sents the vessel density in the area of interest. 22,29,30  The 
FI is a measure of the intensity of the color voxels in 
the volume, and the VFI is a relationship between the 
two. 30   Malignant tumors typically demonstrate a higher 
microvessel density and therefore should have higher 
3D power  Doppler vascular indices than their benign 
counterparts (Fig. 32-29). 30  

 As 3D/4D imaging becomes more widely used in 
clinical practice, an understanding of the artifacts 
unique to these imaging modes is important. Artifacts 
common to 2D imaging such as shadowing and en-
hancement are displayed in all three dimensions and 
can cause confusion. 31  Depending on the orientation 
and manipulation of the volume, the shadowing and 
enhancement can appear to refl ect upward rather than 
downward. 31  One such artifact is the echo enhance-
ment artifact from the endometrium. 31  This artifact is 
more pronounced during the luteal phase of the men-
strual cycle and is thought to be the result of increased 
water content of the endometrium. 31  As the uterus is 
imaged in the coronal plane, the enhancement arti-
fact can mimic the normal endometrium. In situations 
such as this, the reference dot enables the user to 
ensure that the endometrium, not the enhancement 
artifact, is correctly displayed in the coronal plane. 31  
Shadowing from an IUD can also lead to misdiagno-
sis if the artifact is not fully understood. The strong 
shadow from the IUD persists through the coronal 
plane and should not be confused for the actual posi-
tion of the IUD. As in 2D imaging, the IUD displays 
as a bright echo with the shadowing posterior to the 
device (Fig. 32-30). 

 Volume ultrasound has the potential to change 
the performance of the pelvic sonographic examina-
tion. Currently a pelvic sonogram involves taking 
12–30  images of the uterus, ovaries, and adnexa one by 
one. 20  What if, instead of those individual images, you 
could simply acquire four 3D volumes? 20  One study by 
Benacerraf et al. suggested that instead of acquiring 
the standard protocol of 2D images, four volumes of 
the pelvis could be acquired and all requisite images 
could be obtained from those four volumes. 20  In this 
study, the exam time was reduced by at least half with-
out decreasing the accuracy of the scans or adversely 
affecting patient care. 9,20  Volume ultrasound has many 
benefi ts,  including increased effi ciency, decreased scan 
time for the patient, and standardization of the exami-
nation. 9,20  Acquiring volumes also reduces some of the 
operator dependency inherent in ultrasound. 20  
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Figure 32-28 The Z-technique demonstrates a quick way to obtain a 
reconstructed midcoronal plane of the uterus. Standardizing the re-
construction of 3D volumes could increase the use of 3D in clinical 
practice. A: Multiplanar view of the uterus as acquired. B: The A plane 
or sagittal image of the uterus is selected and the reference dot is 
placed within the endometrial canal. The Z rotation knob is used to 
line up the endometrial canal along the horizontal axis. The B plane 
or transverse image of the uterus is selected and again using the Z 
 rotation knob, the image is turned to line up the endometrial canal 
along the horizontal axis. C: The C plane or coronal image of the 
uterus is chosen and using the Z rotation knob the image is turned to 
display the coronal view of the uterus in the conventional orientation. 
(Images courtesy of GE Healthcare.)

Figure 32-29 A: Multiplanar reconstruction of a solid adnexal mass. The volume was acquired with power Doppler. B: Rendered image from 
the same patient using the glass-body rendering mode to display the vasculature throughout the entire mass. (Images courtesy of GE Health-
care.)

A B
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imaging, fetal positioning and fl uid volume play a big 
role, and obtaining images all the way to term is pos-
sible if the conditions allow (Fig. 32-31). 1,32  With sur-
face rendering techniques, small details such as the 
eyebrows, eyelids, mouth, and ears can be seen like 
never before. 32  

 3D ultrasound is especially benefi cial in evaluating 
for cleft lip and palate as well as imaging the fetal ears 
and other facial abnormalities. 1,4,5,7,13,16,32  Orofacial cleft-
ing is the fourth most common birth defect, affecting 1 
in 700 infants. 33  Isolated cleft palate is more diffi cult to 
 diagnose on 2D ultrasound than cleft lip because of shad-
owing from the anterior palate. 33  To evaluate for cleft lip 
and palate, a 3D volume is stored in the sagittal plane 
(Fig. 32-32). 33  For the highest resolution, use a slower 
sweep and keep the render box as small as possible 
in the anteroposterior (AP) dimension. 33  A technique 
called the 3D reverse face view can be used to more 

 Although 3D ultrasound has been integrated into prac-
tice more slowly in pelvic imaging than in  obstetrical ul-
trasound, 3D ultrasound has proven to be a meaningful 
addition to 2D ultrasound in gynecologic  applications. 7  
The 2005 American Institute of  Ultrasound in Medicine 
(AIUM) Consensus Conference on 3D/4D listed nu-
merous applications where 3D was found to provide 
 additional value to the pelvic examination. 5  Obtaining a 
volume of the uterus at the end of the pelvic ultrasound 
gives the clinician additional information while adding 
very little time to the examination. Continuing research 
will determine what role 3D ultrasound will play in pel-
vic imaging. 

 USE OF 3D/4D IN OBSTETRICS 
 Volume ultrasound is most widely used in the fi eld of 
obstetrics and has proven to add value to the diagnostic 
examination. The majority of articles written relating 
to 3D/4D involve applications in the fi eld of obstet-
rics. Currently 3D ultrasound has been shown to offer 
 advantages in many different applications throughout 
the pregnancy (Table 32-4). 

 One of the earliest applications of 3D ultrasound, 
imaging of the fetal face, is still the most used to-
day. Anatomic detail of the facial structures can be 
evaluated with surface rendering techniques as early 
as 13 to 14 weeks’ gestation. 1,32  By 18 to 20 weeks, 
the facial structures become more recognizable to the 
parents, but because of the lack of fatty tissue on the 
face, the images still appear bony. The most favor-
able time for obtaining a surface rendering of the face 
is between 23 and 30 weeks; however, just as in 2D 

Figure 32-30 Artifacts seen in 3D 
can be confusing. The marker dot 
can be used for clarifi cation. A multi-
planar view of the uterus. The image 
in the C plane could be mistakenly 
called the endometrial canal. Notice 
in the A and B planes the marker dot 
is placed outside of the endometrial 
canal. The image in the C plane 
demonstrates the endometrial echo 
enhancement artifact. (Images cour-
tesy of GE Healthcare.)

TABLE 32-4

Clinical Applications of 3D/4D in Obstetrics

• Facial anomalies and ears
• Nasal bone
• CNS anomalies
• Cranial sutures
• Spine
• Extremities
• Fetal heart
• Chromosomal abnormalities and syndromes
• Fetal movement and behavior
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control through the transverse plane of the face, one 
can evaluate the mandible, maxilla, palate, tooth buds, 
and orbits. 32  The sagittal plane is useful for evaluat-
ing the forehead, nasal bone, and the mandible; the 
coronal view demonstrates facial symmetry, soft tis-
sue, and bony features of the face. 32  This demonstrates 
how much information can be obtained from a single 
3D volume. 

 An absent nasal bone can indicate the possibil-
ity of a chromosomal abnormality, so imaging this 
structure has become part of many routine examina-
tions. Obtaining a true midline sagittal view is vital 
to the  diagnosis. 1,5,8,32  An off-axis image can lead to 
either false-positive or -negative results. 1,5,8,32  The 3D 

accurately diagnose clefts of the posterior palate. 1,32–34  
In the MPR format, the surface-rendered face is rotated 
180 degrees so that the anatomy is approached from 
the posterior palate to the anterior palate. 1,32–34  This ap-
proach helps overcome shadowing by  approaching the 
palate, nasal cavity, and orbits from the reverse side. 1  
Adjusting the threshold levels determines whether the 
skin or bony structures are highlighted. 32  

 A single-volume data set of the fetal face can pro-
vide all necessary images for a comprehensive evalu-
ation of the fetal face. 32  Surface-rendering techniques 
can be applied to evaluate the lips and ears, and maxi-
mum mode can be used to evaluate the bony struc-
tures of the face. Using the translation or parallel shift 

Figure 32-31 Surface rendering of the fetus can be done at any age. A: 8-week fetus showing the gestational sac and the yolk sac. B: 10-week 
fetus and umbilical cord. Note the physiologic hernia at the base of the cord. C: 13-week fetus. D: 20-week fetus. (Image courtesy of GE 
Healthcare, Wauwatosa, WI.)

A B

C D



 820 PART 2 — OBSTETRIC SONOGRAPHY

syndromes. 3D surface rendering mode can better 
show the morphological detail, location, and orienta-
tion of the ears (Fig. 32-34). 32  

 The multiplanar view can also be used to evalu-
ate the fetal chin for micrognathia and retrognathia. 32  
Both anomalies carry an increased risk of abnormal 

multiplanar view can assist the sonographer in en-
suring that the correct plane is chosen. A true mid-
line sagittal view confi rms the  nasal bone in all three 
planes. Use of the reference dot ensures imaging of 
the same structure in all three planes (Fig. 32-33). Ear 
anomalies are also associated with complex congenital 

Figure 32-32 This MPR image 
demonstrates a cleft lip and palate. 
(Image courtesy of Philips  Medical 
Systems, Bothell, WA.)

Figure 32-33 Multiplanar view of 
the fetal face. A true midline  sagittal 
view is obtained by rotating the 
 volume along the X-, Y-, and Z-axis. 
Place the marker dot on the nasal 
bone to display the nasal bone in all 
three planes. (Image courtesy of GE 
Healthcare, Wauwatosa, WI.)
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 3D ultrasound can also be valuable in evaluating 
the fetal central nervous system. 6,8  Using the MPR view 
allows the clinician to visualize the spine from mul-
tiple perspectives, making the evaluation of the spinal 
 column quicker and more comprehensive (Fig. 32-36). 
In cases of spina bifi da, the level of the lesion and the 
severity is easier to evaluate. Studies have shown that 
3D ultrasound offers a more realistic view of the lo-
cation and severity of the lesion. 8  Once a volume of 
the spine is stored, the translation or parallel shift can 
be used to evaluate each level of the spine in all three 
planes. Maximum intensity mode is useful for evalu-
ating the bony structures, whereas surface rendering 
mode brings out the skin line. 1,4,5,7,8,13,34  Scoliosis of 
the spine and hemivertebrae can also be evaluated. 4,34  
When evaluating the fetal brain, agenesis of the corpus 
callosum is a diffi cult diagnosis to make with conven-
tional 2D ultrasound. 6  Using 3D, a true midsagittal view 
of the entire corpus callosum is possible, allowing for a 
more defi nitive diagnosis (Fig. 32-37). 3–7  

 3D ultrasound also provides benefi ts in the fi rst-
trimester scan. The nuchal translucency scan can be 
very time consuming if the fetus is not in the optimal 
position. In cases where the fetus is not in the ideal 
position, 3D multiplanar imaging can be used to obtain 
an accurate nuchal translucency measurement in less 
time. 3,4,6,7,13,19  

 One area where 3D and 4D have been shown to con-
sistently add clinical value is in the examination of the 
fetal extremities. 4D imaging demonstrates both the 
size and shape of the extremities and documents their 
movement. 1,5,6,13,34  The foot and leg can be evaluated 
to rule out anomalies such as clubfeet or rocker bot-
tom feet. 1  Hyperdactyly, overlapping fi ngers, and club 

Figure 32-34 A,B: The surface-rendering mode can be used to evaluate the structure of the fetal ears in detail. (Image courtesy of GE Health-
care, Wauwatosa, WI.)

A B

karyotype, making the diagnosis an important one. 
Again, the benefi t of the multiplanar view lies in the 
ability to ensure that a true midsagittal plane of the 
facial profi le is being evaluated. 5,8  A more complete 
evaluation of the sutures and fontanelles in the fetal 
skull is also possible with the MPR format. 1,3–7,13,32,34  
The cranial bones can be viewed in their entirety in 
the three orthogonal planes, offering the potential to 
identify cranial lesions diffi cult to detect by 2D ultra-
sound (Fig. 32-35). 4  

Figure 32-35 Fetal skull displayed using maximum mode to high-
light the cranial bones and sutures. (Image courtesy of GE Health-
care, Wauwatosa, WI.)
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Figure 32-36 A: Multiplanar view of the fetal spine. The entire spine can be evaluated 
from this volume using the volume controls. The marker dot can be moved along the spine 
in the sagittal view and the same vertebral body will be displayed in the B and C planes. 
B,C: Maximum mode of the fetal skeleton. (Image courtesy of GE Healthcare,  Wauwatosa, WI.)

hands can be better visualized with 3D/4D imaging. 16  
4D can be used to visualize the opening and closing of 
the hands to rule out the clenched fi sts frequently seen 
with trisomy 18 (Fig. 32-38). 16  

 Cardiac defects are the most frequently overlooked 
lesions on prenatal ultrasound scans. Congenital heart 
disease occurs in 8 of 1,000 live births and is the most 
common type of congenital malformation. 12  Prena-
tal diagnosis of cardiac defects increases the chance 
of survival but only 5% to 22% of cases are detected 
 antenatally. 11,12  The AIUM and American College of 
 Radiology (ACR) guidelines recommend that a basic 
fetal cardiac examination include a four-chamber view 
of the heart and, if possible, evaluation of both outfl ow 
tracts. 15,35  The outfl ow tracts become critical in cases of 

transposition, aortic coarctation, and other defects that 
have a normal four-chamber appearance. 12,35  Less than 
10% of anomalies requiring the outfl ow tract and great 
artery views are detected with ultrasound. 12  The skill 
and experience of the sonographer plays a big role in 
the detection of congenital heart disease. Volume imag-
ing offers two tools for evaluating the fetal heart that 
can reduce operator dependence: spatio-temporal im-
age correlation, more commonly known as STIC, and 
imaging automation. The use of these techniques could 
improve the detection rates of congenital heart disease 
and reduce neonatal morbidity and mortality. 11,36  

 STIC, which became available in 2003, is a useful tool 
for evaluating the fetal heart in an effi cient, standardized 
format. This technique results in better image resolution 
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Figure 32-37 Multiplanar view of 
the fetal head. The marker dot is 
placed on the corpus callosum and 
can be visualized in all three planes. 
The coronal plane can provide a 
more defi nitive diagnosis of agen-
esis of the corpus callosum. (Image 
courtesy of GE Healthcare, Wauwa-
tosa, WI.)

in all three planes. 10  As with any volume technology, 
the fi rst step is volume acquisition. Once the STIC mode 
is activated, a single real-time volume acquisition of 
the fetal heart begins.  According to  Falkensammer and 
Helmut, “the system analyzes the data according to 
their spatial and temporal domain and processes a 4D 
cine sequence. This sequence presents the heart beat-
ing in real time in a multiplanar display. The examiner 
can navigate within the heart,  reslice, and produce all 
of the standard planes necessary for comprehensive 
diagnosis.” 37  STIC is a motion-gated scanning mode. 
During a 10-second volume acquisition, around 1,500 
frames of the fetal heart are stored. 1,5,10,12,14  If the fetal 
heart beats at 150 beats per minute, the heart will beat 
approximately 20 to 25 times during this acquisition; 
therefore, there will be 20 to 25 frames demonstrating 
a systolic peak in the volume. The system performs a 
spatial and temporal correlation of the data to detect 
these systolic peaks and calculates the fetal heart rate 
from the number of peaks present in the volume. 1,5,10,14,38  
The images in the volume are rearranged and placed in 
order according to their spatial and temporal domain. 
The volume is then displayed as a cine loop containing 
the functional and anatomic information from one full 
cardiac cycle (Fig. 32-39). 1,5,10–12,14,38  

 The STIC volume can be viewed as a cine loop in 
the multiplanar view or the image can be frozen and 
manipulated using the volume controls. The data set 
contains all planes imaged in a basic and extended fe-
tal echocardiogram, plus additional planes that are not 
possible with 2D imaging. The only view the operator 
needs to obtain is the four-chamber view, thus reducing 
operator variability. The standard heart views such as 

outfl ow tracts, venous connections, and arches as well 
as the fi ve chamber, three vessel, and three vessel tra-
chea views are achieved by reconstructing the volume 
data set. 11,12,38–40  STIC provides consistent visualization 
of the outfl ow tracts (Fig. 32-40). 12  

 Obtaining a good volume, however, is still operator 
dependent. 39  The same challenges that exist in 2D are 
present when using STIC. Early gestational age, mater-
nal body habitus, fetal lie, and fetal movement still pre-
sent challenges. 12,39,40  As with 2D imaging, the outcome 
is best when the fetal spine is down, but as long as 
the spine is not between 11:00 and 1:00, good  volumes 
can usually be obtained. 11  Table 32-5 offers more tips 
for obtaining high-quality STIC volumes (Table 32-5). 
STIC technology provides many clinical benefi ts and is 
especially helpful when evaluating complex anatomy. 
Scan time is decreased because the entire volume of 
data and all available views are present in a good STIC 
volume. 12  The volume can be navigated without the pa-
tient present, allowing for more time to review complex 
cases. Spatial relationships that need to be determined 
in cases of complex CHD can be easier to see, as the 
cardiac anatomy can be viewed in transverse and lon-
gitudinal planes simultaneously. 10,38,40  The clinician can 
quickly scroll through the volume to evaluate situs, 
heart position, four- and fi ve-chamber views, and the 
three-vessel view. 11,38  The volume can also be viewed 
frame by frame or placed in motion at any point. One of 
the greatest benefi ts of any 3D technology is the ability 
to review the case offl ine. Diffi cult cases can be sent to 
a specialist across the country for review without hav-
ing to transport the patient. This could increase access 
to specialized care, especially in remote areas. 
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Figure 32-38 Fetal extremities viewed using a surface rendering mode. A: Fetal foot. 
B:  Fetal hands. C: Fetal foot and ankle. D: Fetal hand. E: Surface rendering of a club hand. 
F:  Maximum mode rendering of club hand. (Image courtesy of GE Healthcare, Wauwatosa, 
WI.) G: Surface rendering of a clubfoot. (Image courtesy of  Philips  Medical Systems, Both-
ell, WA.)
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interest and then spinning the volume using the X or 
Y  rotation until the image displays the relevant heart 
anatomy. 7,11,35  To evaluate the outfl ow tracts and venous 
connections, identify the vessel of interest in a trans-
verse plane, place the reference dot over the area of 
interest, and rotate along the X or Y axis until the image 
displays the full length of the vessel. 10,35,38  

 Automated programs for evaluating the fetal heart are 
also available. The goal of the automated programs is 
to standardize the fetal cardiac examination, much like 
CT or MRI. 36  This standardization could improve detec-
tion of congenital heart disease by decreasing operator 
dependence, reducing technologist error, and increas-
ing effi ciency. 5,11,14,36,39  As with STIC, the technologist 
must acquire a volume of the heart in the four-chamber 
view. The system uses the constant spatial relationships 
in the heart to automatically manipulate the volume 
and display the standard views using the tomographic 
ultrasound imaging display. 36  The system displays the 
left and right outfl ow tracts, aortic and ductal arches, 
venous connections, and the stomach. 15,36  The software 
program can be used between 18 and 23 weeks’ gesta-
tion. 36  3D adds a steeper learning curve and can seem 
more operator-dependent unless protocols are stan-
dardized or automated imaging is used. If 3D applica-
tions become easier to use, then the clinical use and 
applicability of the technology should increase. 36  

 The accuracy of fetal weight estimation, especially in 
macrosomic and IUGR fetuses, has always been low  using 
traditional ultrasound parameters of fetal growth. 4,8  Mea-
surements such as head and abdominal circumference, 
biparietal diameter, and femur length do not refl ect the 
soft tissue mass that accounts for much of the variation 
in newborn body composition and weight. 14  Incorporat-
ing soft tissue mass into the equation for  calculating fetal 
weight may lead to more accurate predictions of birth 
weight. 4,8  One study by Lee et al. concluded that fraction-
al thigh volume was the strongest predictor of body fat in 
the fetus. 41  In newborns, the thigh volume accounted for 
46% of the variation in body composition, whereas tra-
ditional biometric parameters for fetal weight estimation 
accounted for only 4% to 14%. 41   Fractional limb vol-
umes may provide the answer. 4,8,14  A 3D volume of the 
thigh or upper arm can be acquired and the volume of 
the limb can be calculated using  VOCAL software. This 
technique speeds up the process by measuring the limb 
in fi ve equidistant segments (Fig. 32-42). 14  Fractional 
limb volumes could improve fetal weight estimation and 
evaluation of fetal nutritional status. 14  

 VOCAL can be used in a number of situations in 
the obstetric patient. One instance is in evaluating for 
pulmonary hyperplasia. Pulmonary hyperplasia is as-
sociated with a high mortality rate, especially when 
coexisting conditions such as premature rupture of 
 membranes or a diaphragmatic hernia exist. 4,14   VOCAL 
can be used to more accurately measure the volume of 
the fetal lungs. Volume data sets make the measure-
ments of this irregular organ faster, and the 3D volume 

 STIC volumes can also be acquired with color or pow-
er Doppler to evaluate hemodynamic information. Using 
color fl ow and STIC together is especially helpful in doc-
umenting the crossing of the great vessels. 13  Tomographic 
ultrasound imaging can be applied to the data set to eval-
uate the vessels in a more effi cient manner (Fig. 32-41). 15  

 Dr. Greg DeVore and his colleagues introduced 
the Spin technique to simplify the process of manipu-
lating the STIC volume. The Spin technique uses a com-
bination of STIC and the MPR to evaluate the vessels 
of the heart. 10,11,35,38  The Spin technique is performed 
by placing the marker dot in the anatomic structure of 

Figure 32-39 This diagram illustrates the acquisition of a STIC data 
set. The transducer makes a slow automated sweep through the vol-
ume. The resolution of the individual 2D images taken during this 
sweep is much higher than the resolution of images in a conventional 
3D or 4D sweep. Because of the length of the sweep there will be 
many fetal heart cycles contributing to the volume of data. The sys-
tem analyzes the content of the individual 2D images upon comple-
tion of the sweep searching for periodic changes in the data set. The 
length and frequency of the periodic changes determine the aver-
age fetal heart rate. Using the accepted fetal heart rate, the system 
divides the length (time) of the acquisition by the fetal heart rate.

 Individual images are assigned to new groups based on their time 
in a cardiac cycle. Within the new groups there are many images. 
The system uses the spatial coordinates of each image to determine 
the location of that image in the volume of tissue. The spatial and 
temporal correlation occurs simultaneously. The system knows how 
to arrange them spatially because they have all occurred at different 
positions in space with known positional coordinates.

 In the example above two volumes are shown: volume at systole 
and volume at diastole. In reality, there are many volumes between 
these two locations. (Image courtesy of Philips Medical  Systems.)
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beat

STIC
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Volume
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measurements were found to be comparable to those 
calculated using MRI. 1,4,14  Volume measurements have 
also been reported for the placenta, amniotic cavity, fe-
tal brain, and liver. 1,13,19  VOCAL is useful for quickly 
measuring the volume of any  irregular object. 19  

 4D imaging allows the observer to study fetal behav-
ior in more detail than ever before. For the fi rst time, 
facial expressions such as mouth opening, tongue pro-
trusion, yawning, smiling, scowling, eye opening, and 
blinking can be studied (Fig. 32-43). 1,4,32  Fetal move-
ment, not only facial movement but also limb and body 
movement, can be studied in detail. Studying facial and 

TABLE 32-5

Tips for Acquiring a STIC Volume35,36,38

• Start with an apical four-chamber view of the fetal heart
• Select an ROI as narrow as possible to maximize frame 

rate and temporal resolution
• Choose a volume angle 5 degrees above the gestational 

age; for example: in a 25-week fetus choose a volume 
angle of 30 degrees

• Slower acquisition times will result in volumes with better 
spatial resolution

• For active fetuses, a faster acquisition time may be 
needed

• After acquisition, orient volume so that spine is at 6 o’clock 
with the four-chamber heart in an apical position with the 
left side of the heart on the left side of the screen

other fetal movement patterns could lead to diagnostic 
criteria for prenatal brain development, because fetal 
movement correlates with central nervous system de-
velopment and maturation. 1,32  Now that visualization 
of these behaviors is possible, measurable parameters 
could be used to assess normal central nervous system 
development. 32  

 4D imaging can provide real-time needle guidance in 
three planes and potentially provide increased accuracy 
of needle positioning through elimination of the lateral-
ization phenomenon. 1,42  Lateralization occurs when the 
needle position seen on ultrasound does not depict the 
exact location of the needle in the body. 42  This occurs be-
cause the width of the ultrasound beam is wider than the 
needle. 1,42  Chorionic villus sampling (CVS) and cordocen-
tesis targets are extremely small and needle placement is 
critical. 1,42  With current technology, image degradation in 
the orthogonal planes is an issue, especially in the coro-
nal or C plane. 1  As resolution improves, volume ultra-
sound will be used for more interventional procedures. 

 Another benefi t to 3D and 4D imaging is increased 
clinical understanding. Obstetricians and radiologists 
work closely with neonatologists, surgeons, pediatri-
cians, and other consultants when evaluating compli-
cated cases. 3,13  2D ultrasound can be diffi cult for those 
unfamiliar with the modality to understand.  Volume 
ultrasound techniques can help consulting physicians 
view complex anatomy in a more complete manner and 
gain a better understanding of the conditions. By pro-
viding a more realistic view, 3D ultrasound can also 

Figure 32-40 STIC volume of the 
fetal heart. (Image courtesy of GE 
Healthcare, Wauwatosa, WI.)
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Figure 32-41 Tomographic view of 
the fetal heart  demonstrating the 
left outfl ow tract. (Image courtesy 
of GE Healthcare,  Wauwatosa, WI.)

Figure 32-42 Fractional limb vol-
ume. A volume of the fetal thigh is 
stored. VOCAL is used to calculate 
the limb volume. Five equidistant 
sections of the thigh are displayed 
and the contour of the thigh on 
each image is manually traced. 
Once all fi ve sections are traced, a 
fractional limb volume is automati-
cally calculated. (Image courtesy of 
GE Healthcare, Wauwatosa, WI.)

help the family understand the extent of the anoma-
lies and in some cases can lead to better acceptance of 
the condition. 1,3,32,34,43  A 3D volume helps the consul-
tant make a more thorough diagnosis by providing the 
entire volume of data rather than still images or cine 
clips. 3,13  The consultant can manipulate the data and 
perform a virtual rescan of the patient even when the 
patient is not physically present. 44  

 As with gynecologic imaging, 3D is a useful addition 
to 2D ultrasound, not a replacement. Although most 
anomalies can be visualized with 2D imaging, 3D ul-
trasound has been shown in many instances to aid in 
diagnosis or help make a more complete diagnosis. 3D 
ultrasound is not a screening tool, but it is used for 
more targeted evaluations when indicated. 3D ultra-
sound has been shown to be consistently advantageous 
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Figure 32-43 Fetal expressions such as (A) grimacing, (B) smiling, and 
(C) mouth opening can be visualized using 4D imaging. (Image  courtesy of 
GE Healthcare, Wauwatosa, WI.)

in evaluating anomalies of the fetal face, extremities, 
heart, and central nervous system. 4,34  

 ETHICAL CONSIDERATIONS/
PARENTAL BONDING 
 In today’s society, separating the emotional aspect of 
the ultrasound experience from the medical aspect can 
be diffi cult. Patients are better informed and expect to 
receive at least one ultrasound during their pregnancy. 45  

Parents look forward to having a visual  confi rmation 
of the pregnancy, “meeting the baby,” and receiving 
reassurance of normalcy. 45,46  Parents and even their 
families look forward to the bonding experience the so-
nographic exam provides. 1,43,45,47  Studies have reported 
that 2D sonography decreases patient anxiety and can 
even contribute to positive maternal health behaviors 
such as encouraging mothers to give up smoking. 1,4,6,43  

 There is no question that parents enjoy seeing 3D 
and 4D images of their fetus, but whether or not these 
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technologies provide an enhanced bonding experience 
has yet to be determined. Study results seem to be 
mixed. A few studies have suggested that 4D images of 
the fetus do provide the parents with more positive feel-
ings about the experience because the images are more 
realistic and recognizable. 1  Some believe that because 
the images appear more “lifelike,” the parents could 
form a tighter bond and create stronger positive emo-
tions. 43,45  One study found that when parents received 
3D images, they showed the images to signifi cantly 
more people. 43  

 Since 2000, private fetal photo businesses have been 
expanding as a result of the rise in popularity of 3D 
imaging. 27  Some argue that the psychosocial indications 
justify imaging without a diagnostic medical examina-
tion; however, most members of the ultrasound com-
munity do not condone this use of ultrasound. 3  The 
AIUM states, “the AIUM advocates the responsible use 
of diagnostic ultrasound for all fetal imaging.” 48  The 
AIUM and the FDA both discourage the use of ultra-
sound for reasons not medically indicated. 46  One of 
the major concerns of the sonographic community is 
follow-up care. Who takes responsibility for the patient 
if an anomaly is discovered on a nondiagnostic sono-
gram? Should the patient be responsible? 46  Another 
problem lies in who is performing the examination. 
Untrained users could create a false sense of security 
or could fi nd false-positive results that could cause un-
necessary anxiety. 3  

 The medical community agrees that allowing the 
parents to view images of the fetus in either 2D or 3D 
and providing keepsake images for the patient during 
the course of their diagnostic ultrasound is appropriate. 
Although most sonographers give images to the parents 
at the end of the exam, an examination for the sole pur-
pose of obtaining keepsake images is not condoned by 
the medical community. 3  

 USE OF THE DATA SET 
AFTER ACQUISITION 
 Acquiring the volume data set is only the beginning. As 
we have discussed, the volume can be manipulated on 
the scanner itself at any time after the acquisition. As 
long as the volume is saved on the system, manipula-
tion can occur days or even weeks after the initial ex-
amination. Software programs are available that bring 
the manipulations available on the ultrasound machine 
to a computer. 7  Currently, most equipment manufac-
turers that offer 3D/4D technology on their equipment 
also have offl ine computer software that accepts vol-
ume data sets from their machines. 7  This  allows the 
manipulations and reconstructions to occur off the 
 machine and even in remote locations. The one draw-
back is that the software is proprietary, meaning that 
the programs do not accept volumes from other man-
ufacturers’ equipment, 7  limiting the exchange of vol-
umes between systems. 

 2D ultrasound images are stored in the DICOM for-
mat. DICOM stands for digital imaging and commu-
nications in medicine. 5  According to the AIUM, “the 
DICOM standard and its supplements are the result of 
engineers, manufacturers, scientists, and other imag-
ing professionals collaborating to create universal fi le 
format defi nitions and computer communication codes 
that can be adopted by all vendors for scanners, serv-
ers, workstations, printers, and network hardware.” 49  
The DICOM standard is what allows images from ultra-
sound scanners of different manufacturers to be viewed 
and stored on a PACS system from a different vendor. 
Unfortunately, at this time, a DICOM standard for 3D 
ultrasound data sets is not available; therefore, most 
PACS workstations do not accept 3D ultrasound vol-
umes. The DICOM Standards Committee is working to-
ward developing a DICOM standard for 3D ultrasound. 
This is called the DICOM Supplement 43: Storage of 
3D Ultrasound Images. 49  Once all ultrasound equip-
ment and PACS manufacturers adopt the 3D DICOM 
standard, PACS workstations will accept 3D volumes 
from the ultrasound scanner. Having the ability to re-
construct the volume data set at the PACS workstation 
will make incorporating 3D into clinical practice much 
easier. 5  

 The role volume imaging will play in the fi eld of ob-
stetric and gynecologic ultrasound is still evolving. The 
use of 3D and 4D imaging in daily practice has increased 
over the last 10 years and interest continues to grow. The 
2005 AIUM Consensus Conference on 3D/4D reported 
that, “when used in conjunction with 2D ultrasound, 
3D ultrasound has added diagnostic and clinical value 
for select indications and circumstances in obstetric and 
gynecological ultrasound.” 5  At least in the near future, 
3D imaging will not replace traditional 2D imaging, but 
will instead serve as a complementary technology. 4,5,34  
The ability to display an infi nite number of images in 
both the acquired plane and planes in which direct im-
age acquisition was not possible, such as the coronal 
plane, adds diagnostic value to conventional 2D imag-
ing. 5,13  3D ultrasound has been called a problem-solving 
tool, as the utility of the technology becomes apparent 
when dealing with complex cases (Table 32-6). 1,5,32  

 For 3D to be incorporated into practice, more needs 
to be done by the ultrasound community to educate so-
nographers and physicians not only on the clinical appli-
cations of 3D ultrasound but also on the  techniques. 5,13  
The lack of standardization between different manufac-
turers, however, is a limiting factor in training. 2,5,13,28  For 
3D ultrasound to be integrated into daily practice, the 
techniques must be faster, easier to use, and more in-
tuitive (Table 32-7). 5,13  Protocols need to be developed 
for the acquisition, display, and manipulation of vol-
umes. 5,13,28  Tools such as the Z-technique for evaluating 
the coronal plane of the uterus and the Spin technique 
for evaluating the fetal heart simplify the process. As 
more techniques such as these become available, 3D 
will gain more widespread acceptance. As with any 
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new technology, learning to acquire and  manipulate the 
volumes takes time, but once this is overcome, the ben-
efi ts are worth the time spent. As technology continues 
to advance, so will 3D/4D imaging. There is much to 
learn, but the research is exciting and encouraging. 3D 
ultrasound clearly provides distinct advantages and its 
use will continue to expand. 

 SUMMARY 
 • Computer evolution in size, processing speed, and 

memory capabilities have paralleled 3D imaging 
 development. 

 • Volume ultrasound (3D and 4D) is the acquisition 
and storage of a series of 2D images. 

 • Pixels are part of the fl at 2D image; the addition of 
the voxel creates the volume portion of the image or 
data set. 

 • Obtaining the volume data occurs via a freehand, 
sensor-based, or automated acquisition. 

 • The ROI determines the amount of data acquired in 
the X- and Y-axes (2D) and the Z-axis (3D). 

 • Image quality of the 3D or 4D data depends on the 
2D image, requiring optimization  before  beginning 
volume imaging. 

 • The most common view for the 3D image is the MPR 
format. 

 • The A, B, and C planes display in an orthogonal man-
ner with a dot indicating the intersection of the three 
images. 

 • The C plane is a coronal image of anatomy that we 
have not been able to acquire with conventional 2D 
imaging. 

TABLE 32-7

Limitations of 3D/4D Imaging

• Learning curve
• Protocols and manipulation techniques are not 

standardized
• 3D cannot overcome poor 2D image
• Image resolution is lower in the reconstructed planes
• Artifacts and orientation can be confusing
• Patient conditions such as low fl uid volume, patient body 

habitus, fetal movement

TABLE 32-6

Benefi ts of 3D/4D Imaging

• A volume of data is obtained instead of single images
• Ability to view any plane in the volume
• Ability to image planes that are not possible with 2D imaging
• Rendering mode options
• Surface rendering
• Accurate volume measurements
• Volumes can be stored electronically for review
• Remote consultation
• Virtual rescan
• Clinical understanding
• Increased diagnostic confi dence
• Better visualization of spatial relationships
• Standardization
• Improved productivity
• Teaching normal and abnormal anatomy and 

standardized views

 • Manipulation of the three orthogonal planes allows 
for the creation of an infi nite number of images. 

 • Multislice or tomographic ultrasound is the serial 
display of all the acquired 2D images within the 
data set. 

 • Rendering the 3D data set allows for specifi c anat-
omy of interest such as bony structures or facial 
 features. 

 • Surface rendering displays the surface of a structure 
such as in the case of the fetal face or limbs. 

 • Transparency changes how well we can see through 
the voxel while the scalpel removes surrounding 
structures, allowing for increased visualization of 
 desired anatomy. 

 • Maximum, skeletal, or x-ray mode allows for imaging 
of the bony skeleton of the fetus. 

 • Minimum and inversion modes help in the evalua-
tion of hypoechoic structures. 

 • Glass body, used in conjunction with color Doppler 
modes, highlights vascular anatomy by decreasing 
the transparency of the overlying tissue. 

 • Manipulation of the 3D data set can occur during the 
exam or after saving of the data set. 

 • VOCAL aids in measurement of irregular anatomy or 
cavities such as the internal volume of the uterine 
cavity or fetal limbs. 

 • 4D imaging is the addition of time to the data acquisi-
tion, resulting in a real-time display. 

 • The Z-technique is a systematic process to aid in the 
reconstruction of the coronal plane of the uterus .

 • Artifacts occurring in 2D imaging carry over to the 
3D data. 

 • Volume imaging has the potential to change how so-
nographers perform the examination. 

 • 3D data set manipulation of fetal exams has the po-
tential to reveal birth defects, as in the case of STIC 
used in cardiac imaging. 

 • Volume imaging during pregnancy has shown to in-
crease parental bonding, decrease patient anxiety, 
and foster positive health behaviors. 
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 1. A patient presents for a 3D exam of her 30-week 
fetus. There is a known cleft palate from a routine 
size and dates done at the clinician’s offi ce. What 
would be the best method to image this facial 
m alformation? Explain your answer.
ANSWER: Because of the ability to manipulate the 3D 
data set, an acquisition with the mechanical trans-
ducer would be the best method to obtain images. 
MPR displays allow for the display of the face on 
multiple planes as well as the surface rendering.

 2. This image is an example of one manner we 
can display the images from a 3D data set 
(Fig. 32-44). Philips has called it iSlice, whereas 
GE calls this  feature  Tomographic Ultrasound 
Imaging, and the  comparable Siemens feature 
is called four Sight™. What are the benefits and 

Critical Thinking Questions
disadvantages to displaying the normal anatomy 
in this manner? (Fig. 32-44)
ANSWER: The sequential display of the slices at 
known intervals allows for a similar display format 
to CT, MRI, and positron emission tomography (PET) 
images. This allows the clinician to localize pathol-
ogy within known slice thicknesses. Sonographers do 
this routinely during the exam; however, the clinician 
does not know exactly where within the organ the 
image acquisition occurred. With a saved 3D data 
set, this display becomes possible either in real time 
or at a later date.
The biggest disadvantage to this format is the 
 compatibility with current PACS systems. The data 
may be sent either as one single image or each image 
sent individually. There is  also the problem of the 
large size of the data.

Figure 32-44 
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Index

  A
abdomen 

 abnormal fetal, ultrasound, 549–564 
( See also  fetal abdomen, 
abnormal, ultrasound) 

 normal fetal, ultrasound, 519–534, 520 f,  
521 f  

 biometry, 522–523, 525 f  
 abdomen to head ratio, fetal measurement, 

390–391, 390 t  
 abdominal circumference 

 fetal, 377–378, 377–378 t,  379 f  
 normal, 522 

 abdominal imaging, 138–140, 140 f  
 abdominal pregnancy, 351 
 abdominal vasculature, normal fetal, ultra-

sound, 521–522, 523 f,  524 f,  525 f  
 abdominal wall 

 defects, ultrasound, 549–553, 550 t  
 sonoembryology, fi rst trimester, 

324, 325 f  
 abnormal fetal chest, abdomen, pelvis, 

ultrasound, 539–540 
 abdomen 

 abdominal wall defects, 549–553, 
550 t  

 echogenic bowel, 563–564, 692 f  
 enteric inclusion cysts, 564 
 gastrointestinal tract, 556–557 
 large bowel obstruction, 563 
 liver, spleen, 555–556, 555 f,  556 f  
 peritoneum, ascites, 553–555 
 scanning techniques, 549 
 small bowel obstruction, 557–563 

 adrenal glands, 571, 571 f  
 amniotic fl uid, 564–565 
 anomalies, fi ndings, other, 570–571 
 cystic kidney disease (Potter sequence), 

569–570 
 fetal genitalia 

 female, 159 f,  572–573, 573 f  
 hermaphroditism, 572 
 hydroceles, 572, 573 f  
 male, 572 

 genitourinary system, 565 
 pelvis 

 bladder exstrophy, 571–572 
 patent urachus, 571 
 prognosis, 572 
 sonographic imaging, 572 

 renal malformations 
 fetal obstructive uropathies, 566–567, 

566 t,  567 f,  567 t  
 hydronephrosis, causes, 566 t,  

567–569 
 prune belly syndrome, 569 
 renal agenesis, 539, 565–566, 565 b  

 thorax, 540 
 bony thorax and soft tissues, 543–544 
 congenital diaphragmatic hernia, 539, 

547–549, 547 f,  548 b,  548 f,  549 f  
 fetal hydrops, immune, nonimmune, 

545–546, 546 f,  546 t  
 lungs, 540–543 
 mediastinum, 545 
 pleural effusion, 545, 546 f  
 pulmonary hypoplasia, 

544–545, 545 b  

 abnormal fetal heart 
 arrhythmias 

 bradyarrhythmias, 589–590 
 premature atrial contractions, 588, 590 f  
 tachyarrhythmias, 588–589, 590 f  

 septal defects 
 atrial, 592–593, 593 f  
 atrioventricular, 591 f,  593–594, 594 f  
 ventricular, 590–592, 591 f,  592 f  

 abnormal fetal limbs, 612, 612 t  
 achondrogenesis, 615, 615 b,  616 f  
 achondroplasia, 615, 615 b,  615 f  
 amniotic band sequence, 623–624, 723 f  
 asphyxiating thoracic dysplasia, 617, 617 b  
 camptomelic dysplasia, 619, 619 f,  620 b  
 club foot, 623, 624 f  
 congenital hypophosphatasia, 620, 620 b,  

620 f  
 dysostosis, 620–621, 620 f,  621 b,  724 f  
 Ellis-van Creveld syndrome (EvC), 617, 617 b  
 hand, 621, 621 f  
 Holt-Oram syndrome, 622 
 limb reduction abnormality, 622, 623 f  
 maternal conditions associated with, 

624–625 
 osteogenesis imperfecta, 617–618, 617 f,  618 f  
 polydactyly, 621–622, 622 f  
 short rib-polydactyly syndrome, 615–616, 

615 b,  616 f  
 sirenomelia, 624, 625 f  
 skeletal dysplasias, 614–621 
 sonographic technique, 612–613, 612 f,  

612 t,  613 f,  613 t  
 thanatophoric dysplasia, 614–615, 614 b,  

614 f  
 thrombocytopenia-absent radius (TAR) 

syndrome, 623 
 VACTERL association, 623 

 abnormal menstrual cycle 
 amenorrhea, 71–76 
 oligomenorrhea, 71 
 polycystic ovarian syndrome/ovarian 

failure, 74 
 premature ovarian failure, 74 

 abnormalities, congenital 
 arrested development 

 agenesis/hypoplasia, uterus and 
 vagina, 33, 35, 35 f  

 uterus unicornis, 36–38, 38 f,  39 f,  41 f  
 vaginal septum, 35, 36 

 diethylstilbestrol (DES)-exposed uterus, 
46, 47 f,  48 f  

 female genital system 
 classifi cation system, 32, 33 t  
 embryology, 32, 34 f  
 fallopian tubes, 48 
 incidence, prevalence, 32 
 ovaries, 48 
 potential pitfalls, 47–48 
 sonographic appearance, uterine 

anomalies, 37 b  
 sonographic appearance, vaginal 

anomalies, 36 b  
 fusion failure, 39 

 arcuate uterus, 45–46, 46 f , 47 f  
 bicornuate uterus, 40, 41 f,  42 f,  43 f  
 resorption failure, 43–45, 44 f,  45 f  
 uterus didelphys, 41–43 

 abortion, 333 
 elective 

 intraoperative sonographic guidance, 
308 

 postoperative sonography, 308 
 preoperative evaluation, 308 

 elective, contraception and, 304–308 
 irreversible contraception: Essure 

device, 306–307, 308 f  
 pregnancy, intrauterine devices and, 

307–308 
 reversible contraception, 304–306, 

305 f,  306 f,  307 f  
 sonography role, 304–308 

 abruptio placentae, 393, 408 b  
 ABS.  See  amniotic band sequence 
 abscess, female pelvis, benign, 185–186, 

186 f,  187 f  
 absence of structure normally present, fetal 

head, brain, 478–486 
 achondrogenesis, 615, 615 b,  616 f  
 achondroplasia, 615, 615 b  
 acidemia, 685 
 acidosis, 645 
 acoustic patterns, ovaries, 114–117 
 acrania.  See  meroanencephaly/

anencephaly/acrania 
 acromelia, 609 
 acrosome, 313 
 acute pelvic infl ammatory disease, 261–262, 

262 f  
 additional structure present, fetal structural 

anomalies, 490–491 
 adenocarcinoma, 213 
 adenomyosis, 270, 270 f  

 clinical fi ndings, 271 
 defi ned, 257, 270 
 defi nition, 270 
 imaging fi ndings 

 MRI, 272, 272 f  
 radiography, 272–273 
 sonography, 271–272, 271 f,  272 b  
 treatment, 273 

 adenosis, 213 
 adhesiolysis, 175 
 adnexa, 1, 137 
 adrenal glands, abnormal fetal, ultrasound, 

571, 571 f  
 adrenarche, 157 
 adulthood, effects in, intrauterine growth 

restriction (IUGR), 686–687 
 advanced maternal age (AMA), 777 
 AFI.  See  amniotic fl uid index 
 AFV.  See  amniotic fl uid volume 
 age charts, fetal, 368 
 agenesis/hypoplasia, uterus, vagina, 

33, 35 f  
 imaging techniques, 35, 35 f  
 pregnancy outcome, 35 
 treatment, 33, 35 

 Aicardi syndrome, 722–723 
 akinetic, 577 
 ALARA guidelines, 2, 13 
 ALARA principle, fi rst trimester, 328, 328 f  
 aliasing, 629 
 allantois, 21 
 alpha-fetoprotein (AFP), 237, 715 
 AMA.  See  advanced maternal age 
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 ambiguous genitalia, pediatric pelvis, 157, 
164–167, 166 f  

 amenorrhea, 51, 71–76 
 amniocentesis, 333 

 history, 778 
 indications for, 778–779, 779 f,  780 f,  781 b  
 multiple pregnancies, 782 
 timing, 779–780 
 ultrasound-guided, procedure, 780–782, 

781 f,  782 f  
  vs.  chorionic villus sampling, 785–786 

 amnion, 313 
 amnionicity, 661, 668 b  
 amniotic band sequence (ABS), 623–624, 

723–724, 723 f,  724 f  
 amniotic bands, abnormal, placenta, 406, 406 f  
 amniotic fl uid, 415–416, 415–418 f  

 abnormal fetal, ultrasound, 564–565 
 assessment 

 intrauterine growth restriction (IUGR), 
702–703 

 site 1, mother and amniotic fl uid, 702 
 site 2, mother and fetus, 702 
 site 3, fetus, 702–703, 704 f,  705 f  

 intrauterine growth restriction (IUGR) 
 levels, normal fetal, ultrasound, 504 

 amniotic fl uid index (AFI), 645 
 amniotic fl uid volume (AFV), 645 
 analyte, 715 
 anasarca, 539 
 anatomic landmarks, biometry 

 head, axial views, 464–467 
 base of skull level, 466–467 
 biparietal diameter level, 464–465, 465 f  
 cerebellar level, 466, 466 f  
 internal carotid artery level, 466 
 lateral ventricle level, 466–467, 467 f  

 anatomic position, 503 
 anatomy, physiology 

 basic anatomy, fetal 2D imaging protocol, 
585–586 b  

 fetal limbs, normal, 609–610, 610 f  
 menstrual cycle, 53 f  
 multiple gestations, 662–664 
 normal postpartum uterus, 769–770 

 androblastoma, 237 
 androgens, 51 
 androstenedione, 213 
 anembryonic, 661 
 anembryonic pregnancy, 333 
 anemia, 333 
 anencephaly.  See  meroanencephaly/

anencephaly/acrania 
 aneuploidy, 313, 685, 715 
 aneurysm, 423 
 angiogenesis, 137 
 annular placenta, 393, 406 
 anomalies, fetal 

 fi ndings, ultrasound, 570–571 
 patterns, 715–744 
 structural 

 face, 474–478 
 head, brain, 478–491 
 spine, 491–498 

 anophthalmia, 461 
 anovulation, 175 
 antefl exed, 51 
 antenatal surveillance, other tools, intrauter-

ine growth restriction (IUGR), 701 
 antepartum testing 

 biophysical profi le, 646 
 cardiotocographic methods, 646 
 clinical applications, 654 
 rationale for performing, 646 

 anterior cul-de-sac, 81 
 anteroposterior angulation, 123, 123 f  

 bimanual maneuver, 124–125 
 color, spectral Doppler imaging, 125–126 

 endovaginal scanning, practical tips, 
125, 126 b  

 lateral angulation, 123–124, 123 f  
 penetration  vs.  resolution depth, 124, 

124 f  
 rotation, 124, 124 f  

 anteverted, 51 
 antiestrogen, 213 
 antineoplastic, 213 
 antrum (follicular), 51 
 aorta, coarctation, 577 
 aortocaval compression syndrome (supine 

hypotensive syndrome), 1 
 Apert syndrome, 724–725, 724 f,  725 b,  725 f  
 aplasia, 503 
 apoptosis, 31 
 appendicitis, 187–189, 188 f,  189 f  
 arcuate uterus 

 imaging techniques, 45–46, 46 f,  47 f  
 pregnancy outcomes, 45 
 treatment, 46 

 arcuate vessels, 137 
 Arnold-Chiari malformations, 487–488, 

488 b,  488 f  
 arrested development 

 agenesis/hypoplasia, uterus and vagina, 
33, 35, 35 f  

 imaging techniques, 35, 35 f  
 pregnancy outcome, 35 
 treatment, 33, 35 

 uterus unicornis, 36, 38 f,  39 f,  41 f  
 imaging techniques, 37–38, 40 f  
 pregnancy outcomes, 37 
 treatment, 37 

 vaginal septum, 35 
 imaging techniques, 36 
 pregnancy outcomes, 36 
 treatment, 36 

 arrhythmias, fetal heart, 577 
 bradyarrhythmias, 589–590 
 premature atrial contractions, 588, 590 f  
 tachyarrhythmias, 588–589, 590 f  

 ART.  See  assisted reproductive techniques; 
assisted reproductive technologies 

 arteriovenous malformation, 137, 149, 149 f  
 artifi cial insemination (intrauterine insemi-

nation), 278 
 ascites, 1 
 ascites, abnormal fetal, ultrasound, 503, 

553–555 
 ASD.  See  atrial septal defect 
 Asherman’s syndrome (synechiae), 179, 

179 b,  423 
 asphyxia, 645 
 asphyxiating thoracic dysplasia, 617, 617 b  
 assisted reproductive techniques (ART), 351 
 assisted reproductive technologies (ART) 

 fertility treatment 
 infertility diagnosis 

 assisted reproductive technologies (ART), 
conception, 278–304 

 infertility diagnosis 
 cervix, sonographic assessment, 

286, 288 f  
 endometrium, sonographic assessment, 

288–290, 288–292 f  
 fallopian tubes, 292–294, 294 f  
 male factor infertility, 294 
 myometrium, sonographic assessment, 

290–292, 292 f,  293 f  
 natural conception, 280, 281 f  
 ovarian/menstrual cycles, 280–283, 

282 f,  283 f,  284 f  
 ovary, sonographic assessment, 

283–286, 285–288 f  
 overview, treatment, 278–280, 279 f,  279 t  
 uterus, sonographic assessment, 

286–294 

 infertility treatment 
 baseline sonogram, 298–299 
 controlled ovarian hyperstimulation, 

complications, 302, 302 f  
 endovaginal sonogram, gestation 

 detection, 304, 304 f  
 follicle aspiration following controlled 

ovary hyperstimulation, 303 
 gestation to term, sonography assess-

ment, 304 
 multifetal reduction, 303 
 sonographic monitoring, follicular phase, 

299–301, 299 t,  300 b,  300 f,  301 f  
 sonographically guided embryo trans-

fer, 303 
 sonography, periovulatory period, 301 

 variety of routes, 295–298 
 assisted reproductive technologies (ART), 

contraception.  See  contraception, 
elective abor t ion and 

 atony, 769 
 atretic, 21 
 atrial contractions, premature, 588, 590 f  
 atrial septal defect (ASD), fetal heart, 

592–593, 593 f  
 atrioventricular septal defects, fetal heart, 

591 f,  593–594, 594 f  
 atrioventricular valves (AV), 577 
 axial resolution, 367 
 axial views, fetal head, 464–467 

B
 bacterial infections, effects on pregnancy, 

750–751 
 base of skull level, axial views, fetal head, 

466–467 
 baseline sonogram, infertility treatment, 

298–299 
 battledore placenta, 393, 423 
 Beckwith-Weidemann syndrome (BWS), 

725–726, 726 b,  726 f  
 benign cystic teratoma 

 imaging fi ndings, 198–200, 201 f  
 sonographic imaging tips, 201–202, 

201 f,  202 f  
 treatment, 202 

 benign cysts 
 of adnexa, 192 t  
 ovaries, 191, 192 t  

 benign lesions, of vagina, cervix, uterus, 
176 t  

 benign lesions, pediatric pelvis 
 lower urinary tract, 161, 161 f  
 vagina, uterus, fallopian tubes, 161, 161 f  

 benign masses 
 of adnexa, differential diagnoses, 209 t  
 ovary, pediatric pelvis, 162–163 

 benign neoplasms, cases, incidence, 200 t  
 beta-human chorionic gonadotropin 

(-hCG), 351 
 bicornuate uterus, 39, 41 f  

 imaging techniques, 40, 42 f,  43 f  
 pregnancy outcomes, 41 
 treatment, 39–40 

 biliary atresia, 503 
 bilobed placenta (succenturiate lobe), 393, 

404–405, 404 f  
 binocular head measurement, fetal, 376, 

376 f,  376 t  
 bioeffects, 1, 629 
 bioeffects, Doppler ultrasound, 630 
 biometry, fetal, 661 

 abdomen, normal ultrasound, 522–523, 
525 f  

 chest, normal ultrasound, 511–512, 512 f  
 defi ned, 661 
 neural tube structures, 464–467 
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 biophysical parameters, 653 
 biophysical profi le 

 intrauterine growth restriction (IUGR), 
701 

 biophysical profi le (BPP) 
 antepartum testing, 646 
 clinical applications, 654 
 components across gestational age 

 biophysical parameters, other, 653 
 fetal movements, 651–652, 651 t,  652 t  

 fetal biophysical components 
 amniotic fl uid volume, 647–648, 648 f  
 breathing, 646–647, 647 f,  653 b  
 movements, 647 
 tone, 647, 648 f  

 interpreting, 653 
 intrauterine growth restriction (IUGR), 

701 
 modifi ed BPP, 650 
 nonstress test (NST), 645, 650 f  

 description, defi nitions, 650 
 fetal stimulation, 650–651 

 physiology, 653–654 
 scoring, 648–650, 649 f,  649 t  

 biophysical profi le (BPP), interpretation 
 false positive, false negative results, 653 
 scores, factors affecting, 653 

 biparietal diameter, fetal head measure-
ment, 369–372 

 biparietal diameter level, axial views, fetal 
head, 464–465, 465 f  

 bladder exstrophy, abnormal fetal, ultra-
sound, 539, 571–572 

 bladder outlet obstruction, abnormal fetal, 
ultrasound, 569 

 bladder, urinary, 95–98, 95–99 f  
 blastocyst, 277, 313 
 bleeding, postmenopause, 75 
 blighted ovum, 333 
 blood fl ow, cerebral, Doppler ultrasound, 

631 f,  639, 639 f,  640 f  
 B-mode imaging, 503 
 body stalk anomaly, 423 
 bony elements, thorax, normal fetal, ultra-

sound, 509–511, 511 f,  512 f  
 bony thorax, abnormal fetal, ultrasound, 

543–544 
 bowel, 117–118, 117 f,  118 b  
 bowel duplications, abnormal fetal, ultra-

sound, 557 
 BPP.  See  biophysical pro fi  le 
 brachycephaly, 461, 685 
 bradyarrhythmia, 577, 589–590 
 bradycardia, 333 
 brain embryology, 323 f,  462–464, 462 f,  

463–464 t  
 brain sparing, 629 
 Braxton-Hicks, 393 
 BRCA1/BRCA2, 237 
 breathing, fetal biophysical profi le, 

646–647, 647 f,  653 b  
 Brenner tumors, 203–205 
 Breus’ mole, 423 
 broad ligament, 21, 51 

 formation, 25 
 bronchogenic cyst, abnormal fetal, ultra-

sound, 539, 540, 540 f  
 BWS.  See  Beckwith-Weidemann syndrome 

C
 CA 125, 237 
 café-au-lait skin pigmentation, 157 
 calcifi cation, normal placental, 402–403 
 caliectasis, 503 
 camptomelic dysplasia, 619, 619 f,  620 b  
 cancer of cervix.  See  cervical carcinoma 
 carcinoembryonic antigen (CEA), 237 

 carcinoma.  See  cervical carcinoma; 
endometrial carcinoma; fallopian 
tube carcinoma; squamous cell 
carcinoma 

 cardiac tumors, fetal, 604, 604 f  
 cardinal ligament, 51 
 cardiomegaly, 503 
 cardiotocographic (CTG), 645 
 cardiotocographic methods, antepartum 

testing, 646 
 caudal, 503 
 caudal regression syndrome, 496–497, 726 
 CCAM.  See  congenital multicystic 

adenomatoid malformation 
 CDH.  See  congenital diaphragmatic hernia 
 cebocephaly, 461 
 central nervous system, sonoembryology, 

fi rst trimester, 323–324, 324 f  
 cephalic index (CI), fetal measurement, 

367, 374, 374 f  
 cephalocele/encephalocele, 486–487 
 cerclage, 393 
 cerebellar level, axial views, fetal head, 

466, 466 f  
 cerebral blood fl ow, Doppler ultrasound, 

631 f,  639, 639 f,  640 f  
 cervical carcinoma, 225 b  

 clinical diagnosis, 225–226 
 computed tomography, 228, 228 f  
 differential diagnosis, 228 
 epidemiology, risk factors, 224 
 imaging, other modalities, 228, 228 f,  229 f  
 MRI, disease stages, 228, 229 f  
 pathophysiology, 224–225, 225 f,  226 f  
 prevention, 226 
 sonographic imaging, 226, 228 f  
 staging, clinical fi ndings, summary, 227 t  
 treatment, 226 

 cervical incompetence, 31 
 cervical polyp, 213 
 cervical pregnancy, 351 
 cervical stenosis, 213 
 cervix, 102 

 assessment, infertility, 286, 288 f  
 benign lesions, 176 t  
 female pelvis, benign disease, 176–178 
 fetal environment, 394–396, 394 f,  395 f  

 cesarean section complications 
 hematomas, 773, 773 f  
 infections, 774, 774 f  
 postpartum uterus, 773–774 

 CHARGE syndrome, 726–727, 727 f,  728 b  
 chest.  See also  thorax 

 normal fetal, ultrasound 
 biometry, 511–512, 512 f  
 soft tissue structures, 511 

 childhood, effects during, intrauterine growth 
restriction (IUGR), 686–687 

 chorioadenoma destruens, 175 
 chorioamnionitis, 503, 769 
 chorioangioma, 410, 436 f  
 choriocarcinoma, 213, 229, 231 f,  232 
 chorion, 313 
 chorionic villi, 313 
 chorionic villus sampling (CVS), 333, 

777, 782 f  
 advantages, disadvantages, 783, 783 b  
 history, 782 
 limb defects, 783 
 transabdominal technique, 784–785, 785 f  
 transcervical  vs.  transabdominal tech-

nique, 784 f,  785 
 ultrasound-guided sampling, 783–784 
  vs.  amniocentesis, 785–786 

 chorionicity, 661, 668 b  
 choroid plexus cysts, 490, 490 f  
 chromosomal abnormalities, fetal, 716, 

717 f,  718–719, 718 f,  719 f  

 chronic pelvic infl ammatory disease, 
262–263, 263 f  

 CI.  See  cephalic index 
 circle of Willis, 629 
 circulation, fetal, 579–581, 581 f  
 circumvallate placenta, 393, 406 
 clear cell adenocarcinoma, 237 
 cleavage-stage embryo, 277 
 cleft lip, palate, 476–478, 477 b,  478 f,  

479 f,  480 f  
 clinical parameters, intrauterine growth 

restriction (IUGR), 693–694, 694 t  
 clinodactyly, 461 
 cloaca, 21 
 clomiphene citrate, 277 
 club foot, 623, 624 f  
 CMV.  See  cytomegalovirus 
 coagulopathy, 769 
 coarctation of aorta, 577, 596–597, 597 f  
 coelocentesis, 777 
 color Doppler, 629 

 ectopic pregnancy, sonographic 
assessment, 362, 362 f  

 color fl ow mapping, Doppler ultrasound, 
632, 632 f  

 color power Doppler, 629 
 colpocephaly, 461 
 complete hydatidiform mole, 333 
 complex pediatric ovarian mass, differential 

diagnoses, 165 t  
 complications, fi rst trimester, sonographic 

evaluation, 333–347 
 complications, multiple gestations, 

663–664, 670 
 computed tomography, 186 

 ovary, malignant diseases, 247, 247 f,  248 f  
 computed tomography (CT), 214.  See also  

tomographic ultrasound imaging 
 cervical carcinoma, 228, 228 f  
 magnetic resonance imaging, 228, 229 f  

 conception 
 assisted reproductive technologies (ART), 

278–304 
 conceptual age, 313 
 conceptus, 313 

 early development, 317–319, 318 f  
 congenital, 31 
 congenital abnormalities 

 arrested development 
 agenesis/hypoplasia, uterus and 

vagina, 33, 35, 35 f  
 uterus unicornis, 36–38, 38 f,  39 f,  41 f  
 vaginal septum, 35, 36 

 diethylstilbestrol (DES)-exposed uterus, 
46, 47 f,  48 f  

 female genital system 
 classifi cation system, 32, 33 t  
 embryology, 32, 34 f  
 fallopian tubes, 48 
 incidence, prevalence, 32 
 ovaries, 48 
 potential pitfalls, 47–48 
 sonographic appearance, uterine 

anomalies, 37 b  
 sonographic appearance, vaginal 

anomalies, 36 b  
 fusion failure 

 arcuate uterus, 45–46, 46 f , 47 f  
 bicornuate uterus, 39–40, 41 f,  42 f,  43 f  
 resorption failure, 43–45, 44 f,  45 f  
 uterus didelphys, 41–43 

 congenital diaphragmatic hernia (CDH), 539, 
547–549, 547 f,  548 b,  548 f,  549 f  

 congenital hypophosphatasia, 620, 
620 b,  620 f  

 congenital multicystic adenomatoid 
malformation (CCAM), 539, 
540–543, 542 f,  543 f,  582 f  
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 conjoined twins, 674, 674 b,  675–676 f,  676 t,  
677 f  

 continuous-wave Doppler, 629, 630 f,  631 f,  
635–636 

 contraception, elective abortion and 
 intraoperative sonographic guidance, 308 
 irreversible contraception: Essure device, 

306–307, 308 f  
 postoperative sonography, 308 
 pregnancy and intrauterine devices, 

307–308 
 preoperative evaluation, 308 
 reversible contraception, 304–306, 305 f,  

306 f,  307 f  
 sonography role, 304 

 contractions stress test (CST), 685 
 contralateral, 81 
 controlled ovarian hyperstimulation (COH), 

277 
 complications, 302, 302 f  

 conus medullaris, 461 
 conventional radiology, ovary, malignant 

diseases, 245–247, 246 f,  247 f  
 cord insertion, umbilical abnormalities, 

399 f,  411, 413 f,  443–448, 445 f,  448 f  
 cord prolapse, 393, 413–414 
 cordocentesis, 777 
 cornual pregnancy, 351 
 coronal views, fetal head, 467–468, 468 f,  

469 f  
 corpora albicantia, 81 
 corpus and isthmus, 102 
 corpus callosum agenesis, 483–485, 485 b  
 corpus luteum (“yellow body”), 51 
 corpus luteum cysts, 193, 193 f,  194 b  
 cotyledons, 393 
 C-plane, 803 
 cranial, 503 
 Crohn’s disease, 175 
 crown-rump length (CRL), 313 
 cryopreservation, 277 
 cryptorchidism, 461 
 CST.  See  contractions stress test 
 CT.  See  computed tomography 
 CTG.  See  cardiotocographic 
 CTR.  See  heart/thorax ratio 
 CVS.  See  chorionic villus sampling 
 cyanotic congenital heart disease, 765 
 cystadenomas, 202–203, 203 f,  204 f,  205 f  
 cystic cord masses, 448–450, 449 f,  450 f,  451 f  
 cystic hygroma, 488–490, 489 f,  490 t  
 cystic kidney disease (Potter sequence), 

 abnormal fetal, ultrasound, 
569–570 

 cystic masses, umbilical cord, 414, 415 f  
 cytomegalovirus (CMV), 747 

D
 Dandy-Walker complex (DWC), 485 
 data set use, 3D/4D imaging, 831–832, 832 t  
 DDS.  See  double decidual sac sign 
 decidua basalis, 769 
 decidualization, 313 
 dermoid plug, 157 
 DES.  See  diethylstilbestrol 
 descending aorta, fetal, Doppler ultrasound, 

637–638, 638 f  
 dextrocardia, 577 
 diabetes mellitus, 747 
 diabetes mellitus, effects on pregnancy, 

755–757, 755 f,  756 b,  756 f  
 diagnostic culdocentesis, 792–793, 793 f  
 diagnostic medical ultrasound, new 

 developments, 14–15 
 diaphragm, normal fetal, ultrasound, 513, 517 f  
 DICOM.  See  digital imaging and 

communication in medicine 

 diethylstilbestrol (DES), 157 
 diethylstilbestrol (DES)-exposed uterus, 31, 

46, 47 f,  48 f  
 imaging techniques, 47 
 pregnancy outcomes, 47 
 treatment, 47 

 digital imaging and communication in 
medicine (DICOM), 803 

 dilatation behind obstruction, fetal head, 
brain, 488 

 diploid, 21 
 directional color power Angio, 629 
 discriminatory cutoff, 351 
 disease, maternal, effects on pregnancy, 

747–748 
 distal extremity bones, fetal measurement, 

381–382 
 dizygotic (DZ), 661 
 dolichocephaly, 461, 685 
 Doppler effect, 629 
 Doppler evaluation, pelvis, 137–152 
 Doppler, of ovary, 250–251, 251 f  
 Doppler studies, clinical use summary, 

700–701 
 Doppler techniques, 142–143, 143 f  
 Doppler ultrasound 

 bioeffects, 630 
 Doppler assessment 

 ductus venosus, umbilical vein, 
699–700, 700 f  

 intrauterine growth restriction (IUGR), 
694–701, 694 t  

 middle cerebral artery, 697–699, 697 f,  
698 f,  699 f  

 umbilical arterial, 696–697, 696 f,  697 f  
 uterine artery, 695–696, 695 f  

 Doppler velocities, intracardiac, normal 
fetus, 586 b  

 principles 
 color fl ow mapping, 632, 632 f  
 color power Doppler, 633, 633 f  
 continuous-wave, 630–631, 630 f,  631 f  
 modes, types, 633 b  
 pulsed-wave, 631–632 
 qualitative Doppler indices, 634 
 quantitative Doppler indices, 634 
 signal analysis, 633–634, 634 f  
 waveform interpretation, 634 

 technique history, 630 
 Doppler ultrasound, normal fetus, 629–633 

 future directions, 640–641 
 placental circulation, 634–635 
 umbilical cord, 635, 635 t  
 uterine vasculature, 146 f,  635 
 waveforms, factors affecting, 640, 640 b  

 Doppler ultrasound, scanning techniques 
 placenta, 399–400 
 pulsed-wave Doppler 

 cerebral blood fl ow, 631 f,  639, 
639 f,  640 f  

 ductus venosus, 638–639, 638 f,  639 f  
 fetal descending aorta, 637–638, 638 f  
 inferior vena cava (IVC), 638, 638 f  
 umbilical artery waveforms, 636, 636 f  
 umbilical vein waveforms, 636–637, 

636 f,  637 t  
 uterine waveforms, 637, 695 f  

 umbilical artery continuous-wave study, 
635–636, 636 f,  636 t  

 uterine artery, 636, 695 f  
 dorsal, 503 
 DORV.  See  double outle t  righ t  ventricle 
 double decidual sac sign (DDS), 351 
 double outlet right ventricle (DORV), 577, 

602–604, 603 f  
 Down syndrome, 739–741, 739–744, 741 f,  

741 t,  743 f  
 drug use, effects on pregnancy, 762–765, 763 t  

 ductus venosus 
 defi ned, 577 
 Doppler ultrasound, 638–639, 638 f,  639 f  
 intrauterine growth restriction (IUGR), 

699–700, 700 f  
 duodenal atresia, abnormal fetal, ultrasound, 

539, 557–561, 560 f,  561 b,  561 f,  561 t  
 DWC.  See  Dandy-Walker complex 
 dysgenesis, 461 
 dysgerminoma, 237 
 dyskinetic, 577 
 dysmenorrhea, 51, 257 
 dysmorphic, 461 
 dysostosis, 620–621, 620 f,  621 b,  724 f  
 dyspareunia, 257 
 dysplasias.  See  skeletal dysplasia(s) 
 DZ.  See  dizygotic 

E
 early pregnancy (12 to 13 weeks), uterine 

artery Doppler, 695 
 early pregnancy failure, 334–336, 335 f,  

336 f,  337 f  
 early pregnancy, sonographic fi ndings, 

319–322, 319–322 f  
 early second trimester (16 to 20 weeks), 

uterine artery Doppler, 695–696 
 ears, fetal neural tube structures, 470, 471 f  
 Ebstein’s anomaly, 577, 599, 599 f,  600 f  
 echocardiography, fetal, 577–605 
 echogenic, 503 
 echogenic bowel, abnormal fetal, 

ultrasound, 563–564, 692 f  
 echogenicity, 503 
 echogenicity, placental, abnormalities, 

409–410, 432–433, 434 f  
 echotexture, 503 
 eclampsia, 747 
 ectasia, 461 
 ectopic pregnancy, 1, 351 

 alternate diagnostic modalities, 362, 363 f  
 clinical presentation, 353, 353 f,  354 f  
 etiology, 352–353, 352 t,  353 f  
 local treatment, ultrasound-guided, 793, 

794 f  
 pathology, 353 b  
 sites, 353–357, 355 f,  356 f  
 sonographic characteristics, 358–362 

 color Doppler, 362, 362 f  
 extrauterine, 359–360, 360 f,  361 f,  362 f  
 uterine, 358–359, 358 f,  359 f  

 sonographic protocol, 357–358, 357 f,  
358 f,  358 t  

 treatment, 362–363 
 Edward syndrome, 739, 739 f,  740 f  
 elective abortion, contraception and, 

304–308 
 intraoperative sonographic guidance, 308 
 irreversible contraception: Essure device, 

306–307, 308 f  
 postoperative sonography, 308 
 pregnancy, intrauterine devices and, 

307–308 
 preoperative evaluation, 308 
 reversible contraception, 304–306, 305 f,  

306 f,  307 f  
 sonography role, 304–308 

 electric medical record (EMR), 1 
 electrosurgery, 175 
 Ellis-van Creveld syndrome (EvC), 617, 

617 b  
 emboli, 769 
 embryo transfer 

 sonographically guided, 303 
 tubal catheterization and, 793–794 

 embryo transfer (ET), 277 
 embryogenesis, 21 
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 embryology 
 brain, 323 f,  462–464, 462 f,  463–464 t  
 cardiovascular system, 578–579, 578 f,  

579 f,  580 b,  580 f  
 diaphragm, 462 f,  513, 517 f  
 eye, 475–476, 475 f,  476 f  
 female genital system, 21–29, 32, 34 f  
 female genital system, congenital 

abnormalities, 32, 34 f  
 lower face, 476, 477 f  
 normal, ultrasound 

 diaphragm, 513, 517 f  
 liver, gallbladder, pancreas, spleen, 

523–525, 526 f  
 lungs, 512–513, 514 f  
 stomach, bowel, 527–529, 528 f  
 thymus, 513–518, 518 f,  519 f  

 spine, 491–493, 493 f  
 embryonic development, female genital 

system, 21–22 
 chart, 26 t  
 fetal period, 22 
 fully developed reproductive organs, 27 f  
 gender expression, 22, 23 f  
 inducer germ cells, 23, 23 f,  24 f,  25 f  

 broad ligament formation, 25 
 external genitalia development, 28, 

28 f,  29 t  
 fallopian tube formation, 25, 26 t,  27 f  
 genital ducts, 24 
 vagina formation, 25, 27 

 neonatal period, 22 
 premenarche through adulthood, 22 
 primordial germs cells, 22, 23 f  

 endocardial cushion, 577 
 endocavity, 1 
 endocrine glands, female reproductive, 53–56 
 endocrine, metabolic disorders, effects on 

pregnancy 
 diabetes mellitus, 755–757, 755 f,  756 b,  

756 f  
 hyperparathyroidism, 757 
 hyperthyroidism, 757 
 hypothyroidism, 757 
 phenylketonuria, 757 

 endocrine system, 51 
 endodermal sinus tumor, 238 
 endometrial carcinoma, 213, 215 

 clinical diagnosis, 216–218, 216 b  
 differential diagnosis, 220, 220 f,  221 f  
 epidemiology, risk factors, 215–216, 215 f  
 imaging, other modalities, 219–220, 220 f  
 pathology, 4 b  
 pathophysiology, 216, 216 f,  217 f  
 sonographic imaging, 218–219, 218 f  
 surgical-pathologic staging, 217 b  
 treatment, 218 

 endometrial cycle, 65–71 
 endometrial hyperplasia, 178–179, 178 f,  

179 f,  180 f,  213 
 endometrial lining, HRT patients, 76 

 postmenopause, 76 
 endometrial polyp, 213 
 endometrioid, 213 
 endometrioid tumor, 237 
 endometrioma, 175, 257 
 endometriosis, 257, 264 

 clinical fi ndings, 266 
 etiology, 264–265, 265 f  
 imaging fi ndings, 269 b  

 CT, MRI, 14 b,  268–269, 270 f  
 sonography, 266–268, 267 f,  268 f  
 treatment, 269–270 

 pelvic infl ammatory disease comparison, 
258 t  

 pelvis infl ammatory disease (PID) and, 
257–273 

 endometritis, 257 

 endometrium, 104, 105 f  
 assessment, infertility, 288–290, 

288–292 f  
 benign disease, 178–179 
 postmenopause, 75, 75 f  
 premenopausal, ultrasound evaluation, 

65–66, 66 f  
 sonographic appearance, menstrual cycle, 

68, 68 t  
 endovaginal imaging, 139 t,  140–141 
 endovaginal oocyte retrieval, 789–790, 790 f  
 endovaginal scanning, 9–10, 10 f  
 endovaginal scanning techniques, 

of placenta, 399–400 
 endovaginal sonogram, gestation detection, 

304, 304 f  
 endovaginal technique, transducer 

preparation, orientation, 
manipulation, 122, 122 f,  123 f  

 enlargement, umbilical cord, 414, 414 f  
 enteric inclusion cysts, abnormal fetal, 

ultrasound, 564 
 epithelial ovarian cancer, 237 
 epithelial tumors, ovaries, 202–208 
 epithelioid trophoblastic tumor, 213, 230 
 Epstein-Barr virus, 747 
 equipment, fetal echocardiography, 

581–582 
 esophagus, abnormal fetal, ultrasound, 

556–557 
 essential hypertension, 747 
 Essure device, 306–307, 308 f  
 estimated date of delivery (EDD), 313 
 estradiol, 277 
 estrogen, 51, 58, 62 b  

 defi ciency, postmenopause, 75 
 secretion, increased, hypothalamic-

pituitary-ovarian axis, 65, 65 b  
 ET.  See  embryo transfer 
 ethical considerations, ultrasound, 830–831 
 EvC.  See  Ellis-van Creveld syndrome 
 external genitalia, 95 
 external genitalia development, 28, 28 f,  29 t  
 extrachorial placenta, 423 
 extrauterine ectopic pregnancy, sonographic 

characteristics, 359–360, 360 f,  
361 f,  362 f  

 extrauterine pelvic masses, 185–189, 189 t  
 extremities, fetal measurement, 381–382 
 extremities, sonoembryology, fi rst trimester, 

324, 325 f  
 eye embryology, 475–476, 475 f,  476 f  

F
 face, fetal 

 anomalies, structural, 474–478 
 cleft lip, palate, 476–478, 477 b,  478 f,  

479 f,  480 f  
 eye embryology, 475–476, 475 f,  476 f  
 lower face embryology, 476, 477 f  

 neural tube structures, 469–471 
 ears, 470, 471 f  
 lower face, 470–471, 471 f,  472 f  
 orbits, eyes, 469–470, 470 f,  471 f  

 fallopian tube carcinoma, 213, 223 b  
 clinical information, 223 
 differential diagnosis, 224, 224 f  
 imaging, other modalities, 224 
 sonographic imaging, 223–224, 224 f  

 fallopian tubes, 109–111, 110 f,  111 f  
 assessment, infertility, 292–294, 294 f  
 benign disease, 190–191 
 formation, 25, 26 t,  27 f  
 pediatric pelvis 

 benign lesions, 161–162 
 pathology, 161–162 

 false knot, 423 

 false negative results, biophysical profi le, 
645, 653 

 false pelvis, 81 
 false positive results, biophysical profi le, 

645, 653 
 FASTER Study, 685 
 female cycle.  See  menstrual cycle 
 female genital system 

 classifi cation system, 32, 33 t  
 embryology, 32, 34 f  
 fallopian tubes, 48 
 incidence, prevalence, 32 
 ovaries, 48 
 potential pitfalls, 47–48 
 sonographic appearance 

 uterine anomalies, 37 b  
 vaginal anomalies, 36 b  

 female genital system, embryonic 
 development, 21–22 

 chart, 26 t  
 fetal period, 22 
 fully developed reproductive organs, 27 f  
 gender expression, 22, 23 f  
 inducer germ cells, 23, 23 f,  24 f,  25 f  

 broad ligament formation, 25 
 external genitalia development, 28, 

28 f,  29 t  
 fallopian tube formation, 25, 26 t,  27 f  
 genital ducts, 24 
 vagina formation, 25, 27 

 neonatal period, 22 
 premenarche through adulthood, 22 
 primordial germ cells, 22, 23 f  

 female genitals 
 abnormal, ultrasound, 159 f,  572–573, 573 f  

 female pelvis, benign disease 
 benign lesions, 176 t  
 extrauterine pelvic masses, 189 t  

 abscess, 185–186, 186 f,  187 f  
 appendicitis, 187–189, 188 f,  189 f  
 hematoma, 186 
 lymphocele, 186–187, 187 f,  188 f  

 fallopian tubes 
 hydrosalpinx, 191, 191 f,  192 f  
 infl ammatory processes, 190–191 

 ovaries 
 benign cystic teratoma, 198–202, 200 f,  

201 f,  202 f  
 benign cysts, 191, 192 t  
 benign neoplasms, 198, 199 t,  200 t  
 epithelial tumors, 202–208 
 functional cysts, 192–194, 193 b,  193 f  
 hemorrhagic cysts, 194, 195 f  
 MRI, 198 
 ovarian remnant syndrome, 208 
 ovarian torsion, 194–196, 196 b  
 polycystic ovary syndrome, 196–198, 

196 f,  197 f,  197 t,  198 b,  198 f  
 uterus 

 cervix, 176–178 
 myometrium, 179–185 

 vagina 
 Gartner’s duct cyst, 189–190, 190 f  

 vaginal cuff posthysterectomy, imaging, 
190, 190 f  

 female pelvis, normal anatomy 
 anteroposterior angulation, 123 

 bimanual maneuver, 124–125 
 color, spectral Doppler imaging, 125–126 
 endovaginal scanning, practical tips, 

125, 126 b  
 lateral angulation, 123–124, 123 f  
 penetration  vs.  resolution depth, 

124, 124 f  
 rotation, 124, 124 f  

 endovaginal technique, transducer 
preparation, orientation, 
manipulation, 122, 122 f,  123 f  
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 follicular, luteal blood fl ow, 126–127, 
126 f,  127 f,  128 f  

 pelvic muscles, 85, 86 b,  87–94 f,  91, 93 
 pelvic organs, 93–95 

 bowel, 117–118, 117 f,  118 b  
 corpus, isthmus, 102 
 endometrium, 105 f  
 external genitalia, 95 
 fallopian tubes, 109–111, 110 f,  111 f  
 fundus, 102 
 midline view, 95 f  
 ovaries, 111–117 
 urinary, urethra, 95–98, 95–99 f  
 uterine position, variants, 109, 109 b  
 uterine size, shape, position, 104, 

106, 108 
 uterus, 100–109 
 vagina, 98–100, 99 f,  100 f,  101 f  

 pelvic skeleton, 83, 84 f,  85 f,  86 f  
 pelvic vascular system, 118 f,  120 b,  

120 f,  121 f  
 pelvic arterial system, 118–119 
 pelvic venous system, 119–122 
 ureter, 119, 122 

 three-dimensional ultrasound, 129, 130 f,  
131, 131 f,  132 f,  133, 133 f  

 transvaginal ultrasound (TVS), 82, 82 t,  83 t  
 ultrasound advantages, disadvantages, 84 t  
 uterine blood fl ow, 128–129, 128 f,  129 f  

 female pelvis ultrasound examination, 
guidelines, 5–6 b  

 female reproductive endocrine glands, 53–56 
 female reproductive hormones 

 estrogen, 58, 62 b  
 follicle-stimulating hormone, 56–57, 57 b  
 GNHR control (positive, negative 

feedback), 58, 58 b  
 gonadotropin releasing hormone, 56, 56 b  
 luteinizing hormone, 57, 57 b  
 progesterone, 58–59, 59 b,  61 f  
 theca interna, 58, 58 b  

 femoral length, fetal measurement, 379, 
380–381 t,  380 f  

 fertile window, 277 
 fertility, 277 
 fertilization, 313 

 implantation and, 314 f,  315–317, 316 f,  317 f  
 fetal abdomen, abnormal, ultrasound 

 abdominal wall defects, 549, 550 t  
 gastroschisis, 539, 552–553, 553 f,  554 f  
 omphalocele, 325 f,  539, 550–552, 551 f,  

552 f  
 prognosis, 552 

 echogenic bowel, 563–564, 692 f  
 enteric inclusion cysts, 564 
 gastrointestinal tract 

 duodenal atresia, 539, 557–561, 560 f,  
561 b,  561 f,  561 t  

 esophagus, 556–557 
 meconium ileus, 539, 561–563, 562 f,  

563 f,  564 f  
 midgut volvulus, 539, 557, 558 f,  559 f  
 stomach, 557 
 stomach, bowel duplications, 557 

 large bowel obstruction, 563 
 liver, spleen, 555–556, 555 f,  556 f  
 peritonium, ascites, 553–555 
 pseudoascites, 555 
 scanning techniques, 549 
 small bowel obstruction, 557–563 

 fetal abdomen, normal, ultrasound, 
519–534, 520 f,  521 f  

 biometry, 522–523, 525 f  
 fetal age charts, 368 
 fetal age, size assessment, second, third 

trimester, 367–391.  See also  fetal 
measurement techniques 

 fetal aneuploidy, 339, 340 f  
 fetal anomalies, patterns, 715–716.  

See also  fetal structural anomalies 
 Aicardi syndrome, 722–723 
 amniotic band sequence, 723–724, 723 f,  

724 f  
 Apert syndrome, 724–725, 724 f,  725 b,  725 f  
 Beckwith-Weidemann syndrome, 

725–726, 726 b,  726 f  
 caudal regression syndrome, 726 
 CHARGE syndrome, 726–727, 727 f,  728 b  
 Down syndrome, 739–744 
 genetics 

 chromosomal abnormalities, 718–719, 
718 f,  719 f  

 chromosomes, 716, 717 f,  718 f  
 inheritance, 719, 720 f,  721 f,  722 f  
 risk factors, 719–720 

 Goldenhar syndrome, 727–728, 728 f,  
729 f,  730 b  

 Holt-Oram syndrome, 728–730, 730 b  
 limb-body wall complex, 730–731, 731 b,  

731 f  
 Meckel-Gruber syndrome, 731, 732 f  
 monosomy X (Turner or XO syndrome), 

731–732, 733 f  
 Noonan syndrome, 733–734, 733 f  
 Potter sequence, 734, 734 f,  735 t  
 prenatal diagnostic procedures, 721 
 prenatal screening, 720–721 
 pterygium syndrome, 734, 736 b  
 triploidy, 736, 737 b,  737 f  
 trisomy 13 (Patau syndrome), 736–739, 

738 f  
 trisomy 18 (Edward syndrome), 739, 

739 f,  740 f  
 trisomy 21 (Down syndrome), 739–741, 

741 f,  741 t,  743 f  
 VATER/VACTERL association, 741–744, 

743 f  
 fetal biophysical components 

 amniotic fl uid volume, 647–648, 648 f  
 breathing, 646–647, 647 f,  653 b  
 movements, 647 
 tone, 647, 648 f  

 fetal biophysical profi le, 645–654 
 fetal brain, embryology, 323 f,  462–464, 

462 f,  463–464 t  
 fetal brain, head, structural anomalies, 

478–491 
 fetal chest, abdomen, pelvis, abnormal, 

ultrasound 
 thorax, 540 

 bony thorax and soft tissues, 543–544 
 congenital diaphragmatic hernia, 539, 

547–549, 547 f,  548 b,  548 f,  549 f  
 fetal hydrops, immune, nonimmune, 

545–546, 546 f,  546 t  
 lungs, 540–543 
 mediastinum, 545 
 pleural effusion, 545, 546 f  
 pulmonary hypoplasia, 544–545, 545 b  

 fetal complications, multiple gestations, 670 
 fetal descending aorta, Doppler ultrasound, 

637–638, 638 f  
 fetal echocardiography, 577 

 abnormal heart 
 arrhythmias, 588–590, 589 f,  590 f  
 coarctation of aorta, 596–597, 597 f  
 double outlet right ventricle, 602–604, 

603 f  
 Ebstein’s anomaly, 599, 599 f,  600 f  
 hypoplastic left heart, 594–595, 594 f,  

595 f  
 right ventricular hypoplasia 

(pulmonary atresia), 595–596 
 septal defects, 590–594 
 tetralogy of Fallot, 591 f,  597–599, 598 f  

 transposition of great arteries, 591 f,  
599–601, 601 f,  602 f  

 tricuspid atresia, 596, 596 f  
 truncus arteriosus, 601–602, 602 f  

 cardiac tumors, 604, 604 f  
 circulation, 579–581, 581 f  
 embryology, 578–579, 578 f,  579 f,  580 b,  

580 f  
 sonographic techniques, basic anatomy 

and 
 2D imaging, protocol, 585–586 b  
 basic sonographic evaluation, 582, 

582 f,  583 f  
 equipment, 581–582 
 four-chamber views, 582–587, 583 f,  

584 f,  585 f,  587 f  
 intracardiac Doppler velocities, normal 

fetus, 586 b  
 3D imaging, 587–588, 587 f,  588 f,  589 f,  

808 f  
 timing, 581 

 fetal environment, 393 
 amniotic fl uid, 415–416, 415–418 f  
 cervix, 394–396, 394 f  
 lower uterine segment, 394–396, 394 f  
 placenta, 395 

 circulation, 399 
 development, 397 
 function, 397 
 grading, 403–404, 403 f,  404 t  
 normal sonography, 401–403, 402 t  
 scanning techniques, 399–401 
 size, shape, location, 397–399, 398 f,  

399 b,  399 f  
 umbilical cord and, 395–397 

 placenta abnormalities, 404 t  
 abnormal attachment, 396 f,  409 
 annular placenta, 406 
 hypoechoic placental lesions, 409–410 
 location (placenta previa), 407–408, 

407 f,  408 b,  408 f,  428, 429 f,  430 f,  
431 f  

 membranes, amniotic bands, 406, 406 f  
 nontrophoblastic tumors, 410 
 placenta membranacea, 406 
 placental abruption, 408–409, 408 b,  

409 f  
 placental hydrops, 406–407 
 retroplacental hemorrhage, 408–409 
 shape, confi guration, 404–406 
 size, 402 t,  406 

 umbilical cord, 410 b  
 development, 410 
 normal sonographic appearance, 322 f,  

411, 411 f,  440 f  
 placenta and, 395–397 
 scanning technique, 411 
 structure, function, 398 f,  410 

 umbilical cord abnormalities, 412 t  
 abnormal cord position, 413–414 
 absence of cord, 411 
 cord insertion, 399 f,  411, 413 f  
 cystic masses, 414, 415 f  
 enlargement, 414, 414 f  
 single umbilical artery, 414, 441 f  
 solid masses, 414 
 thinning, 414 
 true and false knots, 411 
 umbilical vein, arterial thrombosis, 

415–416 
 uterine body, 394–395, 396 f,  397 f  

 fetal face, neural tube structures, 469–471 
 structural anomalies, 474–478 

 fetal genitalia, abnormal ultrasound 
 female, 159 f,  572–573, 573 f  
 hermaphroditism, 572 
 hydroceles, 572, 573 f  
 male, 572 

female pelvis, normal anatomy (continued)
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 fetal growth rate, clinical parameters, 
intrauterine growth restriction 
(IUGR), 693 

 fetal head 
 axial views 

 base of skull level, 466–467 
 biparietal diameter level, 464–465, 465 f  
 cerebellar level, 466, 466 f  
 internal carotid artery level, 466, 697 f,  

699 f  
 lateral ventricle level, 466–467, 467 f  

 coronal views, 467–468, 468 f,  469 f  
 parasagittal views, 469 
 sagittal views, 469, 469 f  
 views, neural tube structures, 464–469 

 fetal head, brain, structural anomalies 
 absence of structure normally present, 

478–486 
 additional structure presence, 490–491 
 Arnold-Chiari malformations, 487–488, 

488 b,  488 f  
 cephalocele/encephalocele, 486–487 
 choroid plexus cysts, 490, 490 f  
 cleft lip, palate, 476–478 
 corpus callosum agenesis, 483–485, 485 b  
 cystic hygroma, 488–490, 489 f,  490 t  
 Dandy-Walker malformation, 484 f,  

485–486, 485 b,  485 f,  486 t  
 dilatation behind obstruction, 488 
 herniation through defect, 486–490 
 holoprosencephaly, 481–483, 482 f,  483 b,  

484 f  
 iniencephaly, 487 
 intracranial hemorrhage, 490–491, 491 f  
 lissencephaly, 486 
 meroanencephaly/anencephaly/acrania, 

478–481, 480 b,  481 f  
 porencephaly (porencephalic cysts), 490 
 schizencephaly, 486 
 vein of Galen aneurysm, 491, 492 f  

 fetal heart 
 abnormal 

 arrhythmias, 588–590, 589 f,  590 f  
 coarctation of aorta, 596–597, 597 f  
 cyanotic congenital heart disease, 765 
 double outlet right ventricle, 602–604, 

603 f  
 Ebstein’s anomaly, 599, 599 f,  600 f  
 embryology, 578–579, 578 f,  579 f,  580 f  
 hypoplastic left heart syndrome, 

594–595, 594 f,  595 f  
 pulmonary atresia, 595–596 
 right ventricular hypoplasia, 595–596 
 septal defects, 590–594 
 tetralogy of Fallot, 591 f,  597–599, 598 f  
 3D imaging, 587–588, 587 f,  588 f,  589 f,  

808 f  
 transposition of great arteries, 591 f,  

599–601, 601 f,  602 f  
 tricuspid atresia, 596, 596 f  
 truncus arteriosus, 601–602, 602 f  

 circulation, 579–581, 581 f  
 embryology, 578–579, 578 f,  579 f,  580 f  
 heart/thorax ratio (CTR), 577 
 sonoembryology, fi rst trimester, 322–323, 

323 f  
 sonographic techniques, basic anatomy 

and, 581–588 
 fetal hydrops, immune, nonimmune, 

545–546, 546 f,  546 t  
 fetal lie, 503, 506–507, 507 f,  508–509 t  
 fetal limbs 

 abnormal, 612, 612 t  
 achondrogenesis, 615, 615 b,  616 f  
 achondroplasia, 615, 615 b,  615 f  
 amniotic band sequence, 623–624, 723 f  
 asphyxiating thoracic dysplasia, 617, 617 b  
 camptomelic dysplasia, 619, 619 f,  620 b  

 club foot, 623, 624 f  
 congenital hypophosphatasia, 620, 

620 b,  620 f  
 dysostosis, 620–621, 620 f,  621 b,  724 f  
 Ellis-van Creveld Syndrome (EvC), 617, 

617 b  
 hand, 621, 621 f  
 Holt-Oram syndrome, 622 
 limb reduction abnormality, 622, 623 f  
 maternal conditions associated with, 

624–625 
 osteogenesis imperfecta, 617–618, 617 f,  

618 f  
 polydactyly, 621–622, 622 f  
 short rib-polydactyly syndrome, 

615–616, 615 b,  616 f  
 sirenomelia, 624, 625 f  
 skeletal dysplasias, 614–621 
 sonographic technique, 612–613, 612 f,  

612 t,  613 f,  613 t  
 thanatophoric dysplasia, 614–615, 

614 b,  614 f  
 thrombocytopenia-absent radius (TAR) 

syndrome, 623 
 VACTERL association, 623 

 normal 
 anatomy, 609–610, 610 f  
 sonographic technique, 380 f,  382 f,  

610–612, 610 f,  611 f,  613 t  
 fetal measurement techniques 

 abdomen to head ratio, 390–391, 390 t  
 abdominal circumference, 377–378, 

377–378 t,  379 f  
 age charts, use, 368 
 extremities 

 distal extremity bones, 381–382 
 femoral length, 379, 380–381 t,  380 f  
 forearm, 382–383, 382 f  
 humeral length, 379–381, 380–381 t,  382 f  
 long bones, 378–379 
 lower leg, 383, 383 f  

 head, 370 f,  371 f  
 binocular measurement, 376, 376 f,  376 t  
 biparietal diameter, 369–372 
 cephalic index, 374, 374 f  
 transverse cerebellum, 370 f,  374–376, 

375 f,  375 t  
 transverse circumference, 371 f,  

372–374, 373 t,  374 f  
 multiple fetal parameters technique, 369 
 parameter ratios, 390–391 
 scanning methodology, 368 
 sonographic measurements accuracy, 

368–369, 368 f  
 weight, measurement parameters 

calculation, 383–390, 384–389 t  
 fetal membrane abnormalities, 436–438, 

437 b,  437 f,  438 f,  439 f  
 fetal motion, normal ultrasound, 504–505 
 fetal movements, biophysical profi le, 

651–652, 651 t,  652 t  
 fetal neural tube structures, 461 

 anatomic landmarks, biometry, 464–467 
 anomalies, head, neck, spine, 474–498 

 clinical associations, 474 
 brain embryology, 323 f,  462–464, 462 f,  

463–464 t  
 face 

 ears, 470, 471 f  
 lower face, 470–471, 471 f,  472 f  
 orbits, eyes, 469–470, 470 f,  471 f  

 head, views 
 axial, 464–467 
 coronal, 467–468, 468 f,  469 f  
 parasagittal, 469 
 sagittal, 469, 469 f  

 neck, 471–472, 472 f  
 spine, 472–474, 472 f,  473 f,  474 f,  474 t  

 fetal obstructive uropathies, 566–567, 566 t,  
567 f,  567 t  

 fetal parameter ratios, 390–391 
 fetal physiology, clinical parameters, 

intrauterine growth restriction 
(IUGR), 693–694 

 fetal presentation, 503 
 normal ultrasound, 507, 510 f  

 fetal spine, neural tube structures, 472–474, 
472 f,  473 f,  474 f,  474 t  

 structural anomalies, 491–498 
 fetal stimulation, nonstress test (NST), 

650–651 
 fetal structural anomalies, 474.  

See also  fetal anomalies, patterns 
 face, 474 

 cleft lip, palate, 476–478, 477 b,  478 f,  
479 f,  480 f  

 clefts, 476 
 eye embryology, 475–476, 475 f,  476 f  
 lower face embryology, 476, 477 f  

 head, brain 
 absence of structure normally present, 

478–486 
 additional structure presence, 490–491 
 Arnold-Chiari malformations, 487–488, 

488 b,  488 f  
 cephalocele/encephalocele, 486–487 
 choroid plexus cysts, 490, 490 f  
 corpus callosum agenesis, 483–485, 485 b  
 cystic hygroma, 488–490, 489 f,  490 t  
 Dandy-Walker malformation, 484 f,  

485–486, 485 b,  485 f,  486 t  
 dilatation behind obstruction, 488 
 herniation through defect, 486–490 
 holoprosencephaly, 481–483, 482 f,  

483 b,  484 f  
 iniencephaly, 487 
 intracranial hemorrhage, 490–491, 491 f  
 lissencephaly, 486 
 meroanencephaly/anencephaly/

acrania, 478–481, 480 b,  481 f  
 porencephaly (porencephalic cysts), 490 
 schizencephaly, 486 
 vein of Galen aneurysm, 491, 492 f  

 spine 
 caudal regression syndrome, 496–497 
 embryology, 491–493, 493 f  
 kyphosis, 496 
 sacrococcygeal teratoma, 497–498, 

497 f,  498 f  
 scoliosis, 496, 496 f  
 spina bifi da, 493–496, 493 f,  494 f,  495 f  

 fetus, site 3, amniotic fl uid assessment, 
702–703, 704 f,  705 f  

 fi brin deposition, 410 
 fi rst trimester 

 ALARA principle, 328, 328 f  
 complications, sonographic evaluation, 

333 
 early pregnancy failure, 334–336, 335 f,  

336 f,  337 f  
 fetal aneuploidy, 339, 340 f  
 gestational trophoblastic disease, 

336–338, 339 f,  340 t  
 size-dates discrepancy, 334, 334 f  
 structural abnormalities, syndromes, 

339–347, 341–346 f  
 subchorionic hemorrhage, 336, 338 f,  

338 t  
 multiple gestations, sonographic 

assessment, 664–666, 664 f,  
664 t,  665 f  

 prenatal screening, 720–721 
 sonoembryology, heart, 322–323, 323 f  
 sonogram, components, 327–328 
 sonography guidelines, 3–4 b  
 ultrasound, 313–328 



 842 INDEX

 Fitz-Hugh-Curtis syndrome (perihepatitis), 
257 

 follicle aspiration, 303 
 follicle stages, ovarian cycle, 59, 61 f  

 follicular phase, 60–61 
 luteal phase, 62, 62 f,  113 f,  128 f  
 luteal phase defect, 64 
 ovulatory phase, 62, 63 f  
 progesterone, 62–64 

 follicle stimulating hormone (FSH), 51, 
56–57, 57 b,  81, 313, 661 

 increased, hypothalamic-pituitary-ovarian 
axis, 65, 66 b  

 follicle-stimulating hormone (FSH), 81, 313, 
661 

 follicular atresia, 81 
 follicular cysts, 192 
 follicular development, ovaries, 112–114 
 follicular, luteal blood fl ow, 126–127, 126 f,  

127 f,  128 f  
 follicular phase, 277 

 ovarian cycle, 60–61 
 sonographic monitoring, 299–301, 299 t,  

300 b,  300 f,  301 f  
 follicular stimulating hormone (FSH), 175 
 foramen ovale, 577 
 forearm, fetal measurement, 382–383, 382 f  
 4D imaging, 503, 803 
 four-chamber views, fetal echocardiography, 

582–587, 583 f,  584 f,  585 f,  587 f  
 FSH.  See  follicle-stimulating hormone; 

follicular stimulating hormone 
 fully developed female reproductive organs, 

27 f  
 functional cysts, ovaries, 192–194, 193 b,  193 f  
 functional cysts, sonographic appearance, 

193 b  
 fundus, 1, 81, 102 
 fusion failure, female genital system, 39 

 arcuate uterus 
 imaging techniques, 45–46, 46 f,  47 f  
 pregnancy outcomes, 45 
 treatment, 46 

 bicornuate uterus, 41 f  
 imaging techniques, 40, 42 f,  43 f  
 pregnancy outcome, 40 
 treatment, 39–40 

 resorption failure 
 imaging techniques, 44–45, 44 f,  45 f  
 pregnancy outcomes, 43–44 
 treatment, 43 

 uterus didelphys, 41 
 imaging techniques, 43 
 pregnancy outcomes, 42 
 treatment, 42 

G
 gadolinium, 213 
 gallbladder, normal fetal, ultrasound, 

523–526, 526 f  
 gamete, 313 

 formation, 314–315 
 gamete intrafallopian transfer (GIFT), 277 
 Gartner’s duct cyst, 189–190, 190 f  
 gastrointestinal tract 

 abnormal fetal, ultrasound, 556–557 
 sonoembryology, fi rst trimester, 324, 325 f  

 gastroschisis, 423, 461, 539, 552–553, 553 f,  
554 f  

 GDM.  See  gestational diabetes mellitus 
 gender expression, 22, 23 f  
 genetics, fetal anomalies, patterns 

 chromosomal abnormalities, 718–719, 
718 f,  719 f  

 chromosomes, 716, 717 f,  718 f  
 inheritance, 719, 720 f,  721 f,  722 f  
 risk factors, 719–720 

 genital anomalies, pediatric pelvis, 164–167 
 genital ducts, 24 
 genitals, normal fetal, ultrasound, 533–534 
 genitourinary system 

 abnormal fetal, ultrasound, 565 
 normal fetal, ultrasound, 529–531 

 germ cell tumors, 157 
 germ line, 747 
 German measles, 748 
 gestation evaluation sonography, 299–301 
 gestation to term, sonography assessment, 

304 
 gestational age (menstrual age), 313 

 determining, very early pregnancy, 
325–326, 326 f,  326 t  

 gestational diabetes mellitus (GDM), 747 
 gestational sac, 314 
 gestational trophoblastic disease (GTD), 

333, 336–338, 339 f,  410, 438–439, 
439 f,  440 f  

 sonographic appearance, 340 t  
 gestational trophoblastic neoplasia (GTN), 

333 
 clinical diagnosis, 230–231 
 differential diagnosis, 220, 233 
 epidemiology, risk factors, 229, 230 f,  231 f  
 imaging, other modalities, 232, 233 f  
 ovary, effects on, 230 
 persistent trophoblastic neoplasia, 

pathophysiology, 229–230, 231 f  
 sonographic imaging, 232, 232 f,  233 t  
 treatment, 231–232 

 GIFT.  See  gamete intrafallopian transfer 
 GNHR control (positive, negative feedback), 

58, 58 b  
 Goldenhar syndrome, 727–728, 728 f,  729 f,  

730 b  
 gonadal dysgenesis, 157 

 pathology, pediatric pelvis, 164–167 
 gonadal ridges, 21 
 gonadoblastoma, 207 
 gonadotropic, 51 
 gonadotropin releasing hormone, 56, 56 b  
 gonadotropins, 51 
 Graafi an follicle, 51 
 grading system, hydronephrosis, abnormal 

fetal, ultrasound, 567 t  
 granulosa cell tumor, 213 
 granulosa stromal cell tumors, 205–207, 

206 f  
 gravida/parity defi nitions, 3 t  
 gravidity, 314 
 great arteries, transposition, 591 f,  599–601, 

601 f,  602 f  
 GTD.  See  gestational trophoblastic disease 
 GTN.  See  gestational trophoblastic 

neoplasia 
 gynecologic masses, differential diagnoses, 

pediatric pelvis, 170 t  
 gynecology, 3D/4D imaging, 813–820, 813 t,  

814–817 f,  818 t,  819 f,  820 f  

H
 Hadlock and coworkers formula, weight 

percentile calculation, 691, 691 t  
 hand, abnormal fetal, 621–622, 621 f  
 haploid, 715 
 HASTE, 503 
 hCG.  See  human chorionic gonadotropin 
 -hCG.  See  beta-human chorionic 

gonadotropin 
 head, fetal.  See  fetal head; fetal head, brain, 

structural anomalies 
 head measurements, fetal, 370 f,  371 f  
 heart, fetal.  See  fetal heart 
 heart/thorax ratio (CTR), 577 
 hemangioma, 539 

 hematocolpos, 31, 167–168, 168 f  
 hematologic disorders, effects on pregnancy 

 Rh isoimmunization, 758–759, 758 f,  
759 f,  760 b,  760 t  

 sickle cell disease, 759–761, 761 b  
 thalassemia, 761 

 hematoma, 769 
 cesarean section complication, 773, 773 f  
 female pelvis, 186 

 hematometra, 31, 167–168 
 hematometrocolpos, 31, 167–168 
 hematopoiesis, 503 
 hemorrhage, postpartum uterus, 770, 771 f  
 hemorrhagic cysts, ovaries, 194, 195 f  
 HER2/neu, 237 
 hermaphrodite, 157 
 hermaphroditism, abnormal fetal, 

ultrasound, 572 
 herniation through defect, fetal head, brain, 

486–490 
 heterogeneous disorder, 715 
 heterotopic pregnancy, 351 
 higher-order multiple gestations, 670 
 Hirschsprung’s disease, 539 
 hirsutism, 175 
 HIV.  See  human immunodefi ciency virus 
 holoprosencephaly, 481–483, 482 f,  483 b,  

484 f  
 Holt-Oram syndrome, 622, 728–730, 730 b  
 hormonal replacement therapy (HRT), 

75–76 
 hospital information system (HIS), 1, 2 
 HPLHS.  See  hypoplastic left heart syndrome 
 HPV.  See  human papillomavirus 
 human chorionic gonadotropin (hCG), 214, 

277, 314, 715 
 human immunodefi ciency virus (HIV), 747 
 human papillomavirus (HPV), 214 
 humeral length, fetal measurement, 

379–381, 380–381 t,  382 f  
 hydatidiform mole, 175, 333 
 hydranencephaly, 481 
 hydroceles, abnormal fetal, ultrasound, 

572, 573 f  
 hydrocephalus, 488 
 hydrocolpos, 167–168, 169 f  
 hydrometra, 31, 167–168 
 hydrometrocolpos, 21, 167–168, 170 t  
 hydronephrosis, 21, 169, 170 f,  503 
 hydronephrosis, abnormal fetal, ultrasound, 

566–569, 567 f,  568 f  
 causes, 567–569 

 hydrops, 539 
 hydrops, nonimmune, 577 
 hydrops tubae profl uens, 214 
 hydrosalpinx, 191, 191 f,  192 f  
 hydroureter, 21 
 hymen, 31 
 hyperandrogenemia, 175 
 hyperandrogenism, 175 
 hypercapnia, 645, 685 
 hyperemesis, 333 
 hyperemic, 257 
 hyperintense, 503 
 hyperparathyroidism, 747 

 effects on pregnancy, 757 
 hyperthyroidism, 333 

 effects on pregnancy, 757 
 hypertrophy, 81 
 hypervolemic, 661 
 hypoechoic, 504 
 hypoechoic placental lesions, 409–410, 

432–433, 433 b,  434 f  
 hypointense, 504 
 hypophyseal portal system, 53–54, 54 f  
 hypoplasia, 504 

 right ventricular (pulmonary atresia), 
595–596 
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 hypoplastic left heart syndrome (HPLHS), 
577, 594–595, 594 f,  595 f  

 hypoplastic right heart (right ventricular 
hypoplasia/pulmonary atresia), 
578, 595–596 

 hypothalamic-pituitary-ovarian axis, 64, 
64 b,  64 f  

 increased estrogen secretion, 65, 65 b  
 increased follicle stimulating hormone, 

65, 66 b  
 hypothalamus, menstrual cycle, 53, 54 f  
 hypothyroidism, 747 

 effects on pregnancy, 757 
 hypovolemic shock, 351 
 hypoxemia, 645, 685 
 hysterectomy, 769 
 hysteroplasty, 175 
 hysterosalpingogram (HSG), 185–186 
 hysterosalpingography, 31, 179 
 hysteroscope, 175 
 hysterosonography, 794–796, 796 f,  797 f  
 hysterosonosalpingography, 794–796, 796 b,  

796 f,  797 f  
 hysterotomy, 661 

I
 ICSI.  See  intracytoplasmic sperm injection 
 idiopathic, 685 
 iliopectinal line, 81 
 iliopsoas muscle, 81 
 imaging diagnosis, ovary, malignant 

 diseases 
 computed tomography, 247, 247 f,  248 f  
 conventional radiology, 245–247, 246 f,  

247 f  
 differential diagnosis, 253–254 
 Doppler of ovary, 250–251, 251 f  
 MRI, 247–248, 249 f  
 positron emission tomography, 248–249, 

250 f  
 screening for, 249–250 
 sonographic diagnosis, 251–252, 252 f  
 sonographic monitoring, 252 
 ultrasound scanning protocol, 252–253, 

253 f,  253 t  
 immune fetal hydrops, 545, 546 t  
 impedance indices, 137 
 imperforate hymen, 31 
 in vitro fertilization (IVF), 277, 351, 661 
 in vivo fertilization, 277 
 inclusion cysts (nabothian cysts), 176, 177 f  
 inducer germ cells, 23, 23 f,  24 f,  25 f  

 external genitalia development, 28, 28 f,  
29 t  

 fallopian tube formation, 25, 26 t,  27 f  
 genital ducts, 24 
 vagina formation, 25, 27 

 inevitable abortion, 333 
 infections 

 cesarean section complication, 774, 774 f  
 effects on pregnancy, 748 

 bacterial, 750–751 
 parasitic, 751 
 TORCH, 751–754, 752 f,  753 f,  754 f,  755 b  
 viral, 749–750, 750 f  

 inferior vena cava (IVC), Doppler 
ultrasound, 638, 638 f  

 infertility, 278 
 causes, 278 b  
 diagnosis 

 cervix, sonographic assessment, 286, 
288 f  

 endometrium, sonographic assessment, 
288–290, 288–292 f  

 fallopian tubes, 292–294, 294 f  
 male factor infertility, 294 
 natural conception, 280, 281 f  

 ovarian/menstrual cycles, 280–283, 
282 f,  283 f,  284 f  

 ovary, sonographic assessment, 
283–286, 285–288 f  

 overview, 278–280, 279 f,  279 t  
 treatment, overview, 278–280 
 uterus, sonographic assessment, 

286–294 
 overview, 278–280 
 treatment 

 baseline sonogram, 298–299 
 controlled ovarian hyperstimulation, 

complications, 302, 302 f  
 endovaginal sonogram, gestation 

detection, 304, 304 f  
 follicle aspiration following controlled 

ovary hyperstimulation, 303 
 gestation to term, sonography 

assessment, 304 
 multifetal reduction, 303 
 sonographic monitoring, follicular phase, 

299–301, 299 t,  300 b,  300 f,  301 f  
 sonographically guided embryo 

transfer, 303 
 sonography, periovulatory period, 301 

 infl ammatory processes, female pelvis, 
190–191 

 infl uenza, 747 
 infundibulopelvic ligament, 52 
 inheritance, fetal anomalies, patterns, 719, 

720 f,  721 f,  722 f  
 inhibin A, 715 
 iniencephaly, 487 
 internal carotid artery level, axial views, 

fetal head, 466 
 interstitial pregnancy, 351 
 interventional ultrasound, 777 

 amniocentesis 
 early,  vs.  transabdominal chorionic 

villus sampling, 785–786 
 history, 778 
 indications for, 778–779, 779 f,  780 f,  

781 b  
 multiple pregnancies, 782 
 timing, 779–780 
 ultrasound-guided, procedure, 

780–782, 781 f,  782 f  
  vs.  chorionic villus sampling, 785–786 

 chorionic villus sampling, 782 f  
 advantages, disadvantages, 783, 783 b  
 history, 782 
 limb defects, 783 
 transabdominal technique, 784–785, 

785 f  
 transcervical  vs.  transabdominal 

technique, 784 f,  785 
 ultrasound-guided sampling, 783–784 
  vs.  amniocentesis, 785–786 

 coelocentesis, 786, 786 f  
 fetal blood sampling, 786 
 fetal therapy, 787 
 fetal tissue sampling, 787 
 fetal transfusion, 787 
 multifetal pregnancy reduction, 787–788, 

787 f,  788 f  
 ultrasound-guided endovaginal 

procedures, 788 
 diagnostic culdocentesis, 792–793, 793 f  
 ectopic pregnancy, local treatment, 

793, 794 f  
 embryo transfer, tubal catheterization 

and, 793–794 
 endovaginal oocyte retrieval, 789–790, 

790 f  
 hysterosonography, hysterosonosalpin-

gography, 794–797, 796 f,  797 f  
 hysterosonosalpingography 

advantages, disadvantages, 796 b  

 intrauterine contraceptive device, 
position, displacement, 796, 797 f  

 ovarian cyst aspiration, 790–791, 791 f  
 pelvic abscess drainage, 791–792, 792 f,  

793 f  
 pelvic mass biopsy, 791 
 radiotherapy planning, monitoring, 

797, 798 f  
 intervillous spaces (sinus), 393 
 intervillous thrombosis, 393, 410 
 intracardiac Doppler velocities, normal 

fetus, 586 b  
 intracranial hemorrhage, 490–491, 491 f  
 intracytoplasmic sperm injection (ICSI), 

278, 661 
 intramural pregnancy, 351 
 intraoperative sonographic guidance, 

elective abortion, 308 
 intraplacental texture, 402, 402 f  
 intrauterine contraceptive device (IUD or 

IUCD), 277 
 position, displacement, 796, 797 f  

 intrauterine device (IUD) 
 pregnancy and, 307–308 

 intrauterine growth restriction (IUGR), 504, 
747 

 adverse effects 
 in adulthood, 687 
 during childhood, 687 
 during perinatal life, 687 

 amniotic fl uid assessment 
 fetus and, site 3, 702–703, 704 f,  705 f  
 mother and fetus, site 2, 703 
 mother and, site 1, 703 
 semiquantitative measurements, 703 b  

 antenatal surveillance, other tools, 701 
 assessment, other methods, 703–705, 

706 f  
 biophysical profi le, 701 
 categories, 688–689, 690 b  
 clinical parameters, 694 t  

 fetal growth rate, 693 
 fetal physiology, 693–694 

 defi nition, 686 
 Doppler assessment, 694, 694 t  

 Doppler studies clinical use, summary, 
700–701 

 ductus venosus, umbilical vein 
Doppler, 699–700, 700 f  

 middle cerebral artery Doppler, 
697–699, 697 f,  698 f,  699 f  

 umbilical arterial Doppler, 696–697, 
696 f,  697 f  

 uterine artery Doppler, 695–696, 695 f  
 etiology, 687–688 
 identifi cation, weight-based theories, 

688, 689 t  
 nonstress test, 701–702, 702 f  
 pathology, 686 b  
 prevalence, 686 
 risk factors, 688 b  
 treatment, management, 706 
 ultrasound fi ndings, reporting protocol, 

705–706 
 weight percentile calculation 

 Hadlock and coworkers formula, 691, 
691 t  

 non-weight-based parameters, 
692–693, 692 f  

 Sabbagha and coworkers formula, 
690 t,  691–692 

 Shepard and coworkers formula, 
690–691 

 intrauterine insemination (IUI), 278 
 intravenous pyelogram (IVP), 769 
 invasive mole, 214, 229, 232, 232 f  
 invasive procedures, indications for, 781 b  
 involute, 175 
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 involution, 769 
 irreversible contraception: Essure device, 

306–307, 308 f  
 isointense, 504 
 IUCD.  See  intrauterine contraceptive device 
 IUD.  See  intrauterine contraceptive device 
 IUGR (intrauterine growth restriction), 504 
 IVC.  See  inferior vena cava 
 IVF.  See  in vitro fertilization 

J
 Jeune syndrome, 617 

K
 karyotype, 715 
 Klippel-Feil syndrome, 31 
 Krukenberg tumor, 237 
 kyphosis, 496 

L
 labeling standards, fetal ultrasound, 

505–506, 505 f,  506 t  
 lactate dehydrogenase (LDH), 237 
 laparotomy, 237 
 large bowel obstruction, abnormal fetal, 

ultrasound, 563 
 larynx, normal fetal, ultrasound, 518, 519 f  
 last menstrual period (LMP), 314 
 lateral resolution, 367 
 lateral ventricle level, axial views, fetal 

head, 466–467, 467 f  
 leiomyoma, 181–186 f,  185 b,  214 

 degenerative changes, 181 
 imaging fi ndings, 182 
 MRI, 184–185 
 signs, symptoms, 181–182 
 sonography, 183–184 
 treatment, 185 

 leiomyosarcoma(s), 214, 221 b  
 clinical diagnosis, 221 
 differential diagnosis, 222, 222 f  
 epidemiology, risk factors, 220 
 imaging, other modalities, 222, 222 f  
 pathophysiology, 220–221 
 sonographic imaging, 221–222 
 treatment, 221 

 lesions, benign, vagina, cervix, uterus, 176 t  
 LH surge, 65 
 limb defects, chorionic villus sampling, 783 
 limb reduction abnormality, 622, 623 f  
 limb-body wall complex, 423, 730–731, 

731 b,  731 f  
 linea terminalis, 81 
 lipoma, 461 
 lissencephaly, 486 
 lithotomy position, 1 
 liver 

 abnormal fetal, ultrasound, 555–556, 
555 f,  556 f  

 normal fetal, ultrasound, 523–526, 526 f  
 liver, gallbladder, pancreas, spleen, normal, 

imaging fi ndings, 516 f,  525–527, 
526 f,  527 f  

 long bones, fetal measurement, 378–379 
 longitudinal, 504 
 look direction, 504 
 low birth weight (LBW), 685 
 lower face 

 embryology, 476, 477 f  
 fetal neural tube structures, 470–471, 

471 f,  472 f  
 lower leg, fetal measurement, 383, 383 f  
 lower urinary tract, pediatric pelvis 

 malignant lesions, 161 
 pathology, 161 

 lower uterine segment, fetal environment, 
394–396, 394 f  

 lungs, abnormal fetal, ultrasound 
 bronchogenic cyst, 540, 540 f  
 congenital cystic adenomatoid 

 malformation, 540–543, 541 b,  
542 f,  543 f,  582 f  

 pulmonary sequestration, 539, 543, 543 b,  
543 f,  582 f  

 lungs, normal fetal, ultrasound 
 embryology, 512–513, 514 f  
 imaging fi ndings, 513, 515 f,  516 f  

 luteal phase, 278 
 defect, 64 
 ovarian cycle, 62, 62 f,  113 f,  128 f  

 luteinization, 51 
 luteinizing hormone (LH), 57, 57 b,  175, 314 
 lymphangiectasia, 461 
 lymphocele, female pelvis, 186–187, 187 f,  

188 f  
 lysis, 175 

M
 macrocephaly, 465 
 macrosomia, 367 
 macrosomic, 661, 685 
 magnetic resonance imaging (MRI), 214 

 cervical carcinoma, disease stages, 228, 229 f  
 ovary, malignant diseases, 247–248, 249 f  

 male factor infertility, 294 
 male genitalia, abnormal fetal, ultrasound, 

572 
 malignant disease(s) 

 ovary, 237–256 
 uterus, cervix, 213–214 

 cervical carcinoma, 224–228 
 endometrial carcinoma, 215–220 
 fallopian tube carcinoma, 223 
 gestational trophoblastic neoplasia, 

229–233 
 malignant lesions, pediatric pelvis 

 lower urinary tract, 161 
 vagina, uterus, 162, 162 f  

 malignant masses, pediatric pelvis, 
163–164, 163 f,  164 f,  165 t,  170 t  

 marginal insertion, 423 
 masses 

 malignant, pediatric pelvis, 163–164, 
163 f,  164 f,  165 t  

 placental, 433–436, 435 f  
 maternal complications, multiple 

gestations, 670 
 maternal conditions, abnormal fetal limbs, 

association, 624–625 
 maternal disease, effects on pregnancy, 747, 

749 f,  750 f  
 cyanotic congenital heart disease, 765 
 drug use, 762–765, 763 t  
 endocrine, metabolic disorders 

 diabetes mellitus, 755–757, 755 f,  
756 b,  756 f  

 hyperparathyroidism, 757 
 hyperthyroidism, 757 
 hypothyroidism, 757 
 phenylketonuria, 757 

 hematologic disorders 
 Rh isoimmunization, 758–759, 758 f,  

759 f,  760 b,  760 t  
 sickle cell disease, 759–761, 761 b  
 thalassemia, 761 

 infections, 748 
 bacterial, 750–751 
 parasitic, 751 
 TORCH, 751–753, 752 f,  753 f,  754 f,  755 b  
 viral, 749–750, 750 f  

 nutritional disorders, 765 
 sonographic fi ndings, 764 t  

 systemic lupus erythematosus, 762 
 thrombophilias, 762 
 toxemia, hypertension, 761, 761 f,  762 b  

 Mayer-Rokitansky-Kuster-Hauser (MRKH) 
syndrome, 33, 35 f  

 mBPP.  See  modifi ed biophysical profi le 
 mean sac diameter (MSD), 314 
 Meckel-Gruber syndrome, 731, 732 f  
 meconium ileus, abnormal fetal, ultrasound, 

539, 561–563, 562 f,  563 f,  564 f  
 mediastinum, abnormal fetal, ultrasound, 

539, 545 
 Meigs’ syndrome, 208, 237 
 meiosis, 715 
 membrane, fetal, abnormalities, 436–438, 

437 b,  437 f,  438 f,  439 f  
 membranes, abnormal, placenta, 406, 406 f  
 meningocele, 462 
 menopause, 74, 74 b  
 menorrhagia, 51, 175 
 menses (menstruation), days 1–5, 

ultrasound evaluation, 66, 67 f,  67 t  
 menstrual cycle, 51 

 abnormal 
 amenorrhea, 71–76 
 oligomenorrhea, 71 
 polycystic ovarian syndrome/ovarian 

failure, 74 
 premature ovarian failure, 74 

 anatomy, 53 f  
 defi ned, 65–71 
 endometrial cycle, 65–71 
 estrogen, 65 
 female reproductive hormones 

 estrogen, 58, 62 b  
 follicle-stimulating hormone, 56–57, 57 b  
 GNHR control (positive, negative 

feedback), 58, 58 b  
 gonadotropin releasing hormone, 56, 

56 b  
 luteinizing hormone, 57, 57 b  
 progesterone, 58–59, 59 b,  61 f  
 theca interna, 58, 58 b  

 hypothalamic-pituitary-ovarian axis, 64, 
64 b,  64 f  

 increased estrogen secretion, 65, 65 b  
 increased follicle stimulating hormone, 

65, 66 b  
 LH surge, 65 
 menopause, 74, 74 b  
 menstrual age, 313 
 ovarian cycle 

 follicle stages, 59–64, 60 b,  61 f  
 oogenesis, 59, 60 f  

 physiology, 52–53 
 hypophyseal portal system, 53–54, 54 f  
 hypothalamus, 53, 54 f  
 ovaries, 56, 57 t  
 pituitary gland, 54–56, 56 f  

 postmenopause 
 bleeding, 75 
 endometrial lining, HRT patients, 76 
 endometrium, 75, 75 f  
 estrogen defi ciency, hormonal changes, 

75 
 hormonal replacement therapy (HRT), 

75–76 
 ovaries, 74, 75 t  
 ultrasound, 76 
 uterus, 74, 74 t  

 progesterone, estrogen, 65 
 ultrasound evaluation 

 menstruation phase, 66, 67 f,  67 t  
 proliferative phase, 69, 69 t  
 proliferative (preovulation/

periovulatory) phase, 69, 70 t  
 proliferative/postmenstrual (late 

follicular) phase, 68, 68 t  
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 secretory (premenstrual) phase, 69, 70 t  
 secretory phase, days 15-22, 69–71, 71 t  
 secretory phase, days 23-28, 71, 72 t,  

73 t  
 uterus, 66 

 menstrual phase, 278 
 meroanencephaly/anencephaly/acrania, 

478–481, 480 b,  481 f  
 mesomelia, 609 
 mesometrium, 51 
 mesonephric ducts, 21 
 mesonephros, 21 
 mesovarium, 21 
 metabolic disorders, effects on pregnancy, 

755–757 
 metastases, 214 
 methotrexate, 214 
 metroplasty, 32 
 Mickey Mouse sign, 423 
 microcephaly (microencephaly), 464 
 microinsert, 278 
 micromelia, 609 
 middle cerebral artery Doppler, 

intrauterine growth restriction 
(IUGR), 697–699, 697 f,  698 f,  699 f  

 midgut volvulus, 539, 557, 558 f,  559 f  
 mirror imaging artifact, 629 
 miscarriage, 333 
 missed abortion, 333 
 mitosis, 715 
 modality worklist (MW), 1, 2 
 modifi ed biophysical profi le (mBPP), 645, 650 
 molar pregnancy, 333 
 monoamniotic, 661 
 monoamniotic twins, 674–678, 678 f  
 monosomy X (Turner or XO syndrome), 

731–732, 733 f  
 monozygotic (MZ), 661 
 morbidity, 661, 685 
 Morison’s pouch, 351 
 morphology, normal placenta, 401 
 mortality, 661, 685 
 morula, 314 
 mosaicism, 715 
 mother and fetus, site 2, amniotic fl uid 

assessment, intrauterine growth 
restriction (IUGR), 702 

 mother, site 1, amniotic fl uid assessment, 
intrauterine growth restriction 
(IUGR), 702 

 movements, fetal, biophysical profi le, 647, 
651–652, 651 t,  652 t  

 MPR.  See  multiplanar reconstruction 
 MRI.  See  magnetic resonance imaging 
 mucinous cystadenocarcinoma, 237 
 mucinous cystadenoma, 237 
 müllerian ducts (paramesonephric ducts), 21 
 multifactorial, 715 
 multifetal, 777 
 multifetal reduction, 303 
 multiplanar reconstruction (MPR), 803 

 3D, 808–810, 809 f  
 multiple fetal parameters technique, 369 
 multiple gestations, 661, 663 b  

 anatomy, physiology, 662–664 
 classifi cations, 662–663, 663 f,  663 t  

 clinical associations, 662 
 complications, 670 
 conjoined twins, 674, 674 b,  675–676 f,  

676 t,  677 f  
 classifi cation, 678 t  

 higher-order multiple gestations, 670 
 incidence, 662 
 monoamniotic twins, 674–678, 678 f  
 selective reduction, 678 
 sonographic assessment 

 fi rst trimester, 664–666, 664 f,  664 t,  
665 f  

 second, third trimester, 666–668, 666 f,  
667 f,  668 f  

 technical pitfalls, 669–670, 670 f  
 twin reversed arterial perfusion sequence, 

671–672, 671 f,  672 b  
 twin-to-twin transfusion syndrome 

(TTTS), 672–674, 672 f,  673 b,  673 f  
 vanishing twin, 668–669, 668 f,  669 f  
 vasa previa, 670–671, 671 f  

 multiple pregnancies, amniocentesis, 782 
 multislice, 804 
 myelomeningocele (spina bifi da), 462, 504 
 myeloschisis, 462 
 myomas, 177–178 
 myometritis, 257 
 myometrium, 102, 104, 290–292 

 assessment, infertility, 290–292, 292 f,  293 f  
 leiomyoma, 180 f,  181–185, 182 f,  183 f,  

184 f,  186 f  
 uterine dehiscence, 179–180, 180 b,  180 f,  

181 f  

N
 nabothian cysts (inclusion cysts), 176, 177 f  
 nares, 461 
 natural conception, 280, 281 f  
 neck, fetal 

 neural tube structures, 471–472, 472 f  
 structural anomalies, 474–499 

 negative feedback, 51 
 neonatal period, 22 
 nephrolithiasis, 769 
 neural tube structures, fetal, 461–499 
 neuropore, 461 
 nomogram, 461 
 nongravid, 1 
 nonimmune fetal hydrops, 545–546, 546 t,  

661, 747 
 nonstress test (NST), 645, 650 f,  685 

 description, defi nitions, 650 
 fetal stimulation, 650–651 
 intrauterine growth restriction (IUGR), 

701–702, 702 f  
 nontrophoblastic tumors, placenta, 410 
 non-weight-based parameters, weight 

percentile calculation, 
692–693, 692 f  

 Noonan syndrome, 733–734, 733 f  
 normal anatomy, pediatric pelvis 

 ovaries, 159, 160 f  
 uterus, 158–159, 159 f  
 vagina, 159 

 normal anatomy, physiology 
 postpartum uterus, 769–770 

 normal fetal limbs 
 anatomy, 609–610, 610 f  
 sonographic technique, 380 f,  382 f,  

610–612, 610 f,  611 f  
 normal fetus, intracardiac Doppler 

velocities, 586 b  
 normal fetus, ultrasound 

 abdomen, 519–520, 520 f,  521 f  
 biometry, 522–523, 525 f  
 genitals, 533–534 
 genitourinary system, 529–531 
 liver, gallbladder, pancreas, spleen, 

523–526 
 pelvis, 531–533 
 scan planes, labeling standards, 

505–506, 505 f,  506 t  
 scanning techniques, principles, 504 
 soft tissues, 521, 522 f  
 stomach, bowel, 527–529 
 umbilical cord, abdominal vasculature, 

521–522, 523 f,  524 f,  525 f  
 amniotic fl uid levels, 504 
 fetal lie, 506–507, 507 f,  508–509 t  

 fetal motion, 504–505 
 fetal presentation, 507, 510 f  
 thorax, 507–508 

 biometry, 511–512, 512 f  
 bony elements, 509–511, 511 f,  512 f  
 diaphragm, 513 
 larynx, 518, 519 f  
 lungs, 512–513, 514 f  
 soft tissue structures, 511 
 thymus, 513–518, 519 f  

 normal placental calcifi cation, 402–403 
 normal sonography, placenta 

 intraplacental texture, 402, 402 f  
 morphology, 401–402, 402 f  
 normal placental calcifi cation, 403 
 retroplacental complex, 402–403 
 scanning protocol, 401, 402 t  

 normal uterine Doppler, 144–147, 145 f,  
146 f,  147 f  

 NST.  See  nonstress test 
 nuchal cord, 393, 413, 413 f  
 nuchal translucency (NT), 314, 326–327, 

327 f,  327 t  
 Nuchal Translucency Quality Review 

(NTQR), 17 
 nutritional disorders, effects on pregnancy, 

765 
 Nyquist limit, 629 

O
 OB examination report pages, 12–13 f  
 occipito-frontal diameter (OFD), 367 
 OCT.  See  oxytocin challenge test 
 odorous lochia, 257 
 OFD.  See  occipito-frontal diameter 
 OHSS.  See  ovarian hyperstimulation 

syndrome 
 OI.  See  osteogenesis imperfecta 
 oligoanovulation, 175 
 oligohydraminos, 645, 661, 685 
 oligomenorrhea, 51, 71, 175 
 omentum, 175 
 omphalocele, 325 f,  423, 462, 539, 550–552, 

551 f,  552 f  
 oocyte(s), 21, 314 
 oogenesis, 59, 60 f  
 oogonia, 21 
 oophoritis, 257 
 orthogonal, 82 
 orthogonal planes, 803 
 osteogenesis imperfecta (OI), 504, 617–618, 

617 f,  618 f  
 ostium (pl. ostia), 32 
 ovarian arterial fl ow, 147–149, 147 f  
 ovarian cycle 

 follicle stages, 59, 60 b,  61 f  
 follicular phase, 60–61 
 luteal phase, 62, 62 f,  113 f,  128 f  
 luteal phase defect, 64 
 ovulatory phase, 62, 63 f  
 progesterone, 62–64 

 oogenesis, 59, 60 f  
 ovarian cyst aspiration, 790–791, 791 f  
 ovarian failure (dysfunction), 74 
 ovarian hyperstimulation syndrome 

(OHSS), 278 
 ovarian neoplasms, 152, 152 f  

 malignant, most common, 240–241 t  
 ovarian pregnancy, 352 
 ovarian remnant syndrome, 208 
 ovarian reserve, 278 
 ovarian sex cord-stromal tumors, 205 
 ovarian torsion, 151, 194–196, 196 b  

 pediatric pelvis, 168–171, 171 f  
 ovarian vein Doppler, 150, 150 f  
 ovarian vessels, 137 
 ovarian volume, 250 b  
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 ovarian/menstrual cycles, infertility diagno-
sis, 280–283, 282 f,  283 f,  284 f  

 ovary, malignant diseases 
 imaging diagnosis 

 computed tomography, 247, 247 f,  248 f  
 conventional radiology, 245–247, 246 f,  

247 f  
 differential diagnosis, 253–254 
 Doppler of ovary, 250–251, 251 f  
 MRI, 247–248, 249 f  
 positron emission tomography, 

248–249, 250 f  
 screening for, 249–250 
 sonographic diagnosis, 251–252, 252 f  
 sonographic monitoring, 252 
 ultrasound scanning protocol, 252–253, 

253 f,  253 t  
 incidence, prognosis, 238 
 laboratory tests, 240–241 t,  245 
 masses, pediatric pelvis, 163–164, 163 f,  

164 f,  165 t  
 pathology 

 histolic classifi cation, 239 
 pathophysiology, 239–241, 241 f,  242 f,  

243 f  
 spread, staging, 241–242, 243 f,  244 t  

 symptoms, 242–245, 244 f  
 treatment, 245 

 ovary, ovaries, 111–112, 112–116 f  
 acoustic patterns, 114–117 
 benign disease, 191–209 
 follicular development, 112–114 
 location, 114–117 
 menstrual cycle, 56, 57 t  
 pediatric pelvis 

 benign masses, 162–163 
 normal anatomy, 159, 160 f  
 pathology, 159 b,  162–164 

 postmenopause, 74, 75 t  
 sonographic assessment, infertility, 

283–286, 285–288 f  
 ovulation induction, 278 
 ovulatory phase, ovarian cycle, 62, 63 f  
 oxytocin challenge test (OCT), 645 

P
 PACS.  See  picture archiving and 

communication system 
 PACs.  See  premature atrial contractions 
 pancreas, normal fetal, ultrasound, 

523–526, 526 f  
 Papanicolaou (Pap) smear, 214 
 papillary muscles, 577 
 PAPP-A.  See  pregnancy-associated plasma 

protein A 
 paramesonephric (müllerian) ducts, 32 
 parametritis, 257 
 paraovarian cysts, 208 
 parasagittal views, fetal head, 469 
 parasitic infections, effects on pregnancy, 751 
 paratubal cysts, 208 
 parental bonding, ultrasound, 830–831 
 parity, 314 
 partial hydatidiform mole, 333 
 parvovirus B-19, 747 
 parvovirus infection, 504 
 Patau syndrome, 736–739, 738 f  
 patent urachus, abnormal fetal, ultrasound, 

571, 672 f  
 pathognomonic, 462 
 pathology diagnostic criteria, pediatric 

pelvis, 171–172 
 pathology, pediatric pelvis, 160–172 
 patient date entry (PDE), 2, 3 f  
 patient history, preparation, for sonographic 

evaluation, 138 
 patient identifi ers, 2 t  

 patient preparation, scanning protocol 
 gynecological examinations, 6–8 
 obstetric examinations, 8 
 set up, 2–6 

 patterns, fetal anomalies, 715–744 
 pediatric pelvis 

 complex pediatric ovarian mass, 
differential diagnoses, 165 t  

 normal anatomy 
 ovaries, 159, 160 f  
 uterus, 158–159, 159 f  
 vagina, 159 

 pathology 
 ambiguous genitalia, 164–167, 166 f  
 diagnostic criteria, 171–172 
 genital anomalies, 164–167 
 gonadal dysgenesis, 164–167 
 gynecologic masses, differential 

diagnoses, 170 t  
 hematocolpos, 167–168, 168 f  
 hematometra, 167–168 
 hematometrocolpos, 167–168 
 hydrocolpos, 167–168, 169 f  
 hydrometra, 167–168 
 hydrometrocolpos, 167–168, 170 t  
 hydronephrosis, 169, 170 f  
 lower urinary tract, 161 
 ovarian torsion, 168–171, 171 f  
 ovary, 159 b,  162–164 
 pelvis mass differential diagnosis, 172 
 precocious puberty, 167, 168 f  
 vagina, uterus, fallopian tubes, 

161–162, 162 f,  190 f  
 sonographic examination technique, 

protocols, 158, 158 b  
 pelvic abscess drainage, 791–792, 792 f,  793 f  
 pelvic congestion, 150–151, 151 f  
 pelvic infl ammatory disease (PID), 214, 

257–258 
 acute, advanced fi ndings, 261–262, 262 f  
 acute, early, intermediate fi ndings, 

260–261, 260 f,  261 f  
 chronic, 262–263, 263 f  
 clinical fi ndings, 259–260, 259 f,  260 b  
 endometriosis and, 257–273 
 endometriosis comparison, 258 t  
 etiology, 258–259 
 imaging fi ndings, 260–263, 263 b  

 CT, MRI, 263–264, 264 f  
 sonography, 260–263 

 progression, 259, 259 f  
 treatment, 264 

 pelvic mass biopsy, 791 
 pelvic muscles, 85, 86 b,  87–94 f,  91, 93 
 pelvic organs, female, 93–94, 93–95 

 bowel, 117–118, 117 f,  118 b  
 corpus, isthmus, 102 
 endometrium, 105 f  
 external genitalia, 95 
 fallopian tubes, 109–111, 110 f,  111 f  
 fundus, 102 
 midline view, 95 f  
 ovaries, 111, 112–116 f  

 acoustic patterns, 114–117 
 follicular development, 112–114 
 location, 114–117 

 urinary, urethra, 95–98, 95–99 f  
 uterine position, variants, 109, 109 b  
 uterine size, shape, position, 104, 106, 108 
 uterus, 101–108 f,  103, 105–108, 109 b  

 cervix, 102 
 endometrium, 104 
 layers, 102 
 myometrium, 102, 104 
 segments, 101–102, 104 
 spaces adjacent, 109 
 uterine cavity, 102 

 vagina, 98–100, 99 f,  100 f,  101 f  

 pelvic skeleton, 83, 84 f,  85 f,  86 f  
 pelvic vascular system, 118 f,  120 b,  120 f,  

121 f  
 pelvis arterial system, 118–119 
 pelvis venous system, 119–122 
 ureter, 119, 122 

 pelvis 
 abnormal fetal, ultrasound 

 bladder exstrophy, 571–572 
 patent urachus, 571 
 prognosis, 572 
 sonographic imaging, 572 

 arterial system, 118–119 
 mass differential diagnosis, pediatric, 

170–171 
 normal fetal, ultrasound, 531–533 
 pediatric, 157–172 
 venous system, 119–122 

 pelvis, Doppler evaluation 
 abdominal imaging, 138–140, 140 f  
 endovaginal imaging, 140–141 

 advantages, disadvantages, 139 t  
 fl ow pattern, 143–144, 143 f,  144 f  
 normal uterine Doppler, 144–147, 145 f,  

146 f,  147 f  
 patient history, preparation, 138 
 performance standards, 138 
 reproductive-age female 

 arteriovenous malformation, 149, 149 f  
 ovarian arterial fl ow, 147–149, 147 f  
 ovarian neoplasms, 152, 152 f  
 ovarian torsion, 151 
 ovarian vein Doppler, 150, 150 f  
 pelvic congestion, 150–151, 151 f  

 techniques, 142–143, 143 f  
 transabdominal imaging, advantages, 

disadvantages, 139 t  
 waveform analyses, 141–142, 141 f,  141 t,  

142 f,  151 b  
 pelvis mass differential diagnosis, 172 
 percutaneous umbilical blood sampling 

(PUBS), 777 
 perihepatitis, 257 
 perimetrium, 51 
 perinatal life, effects, intrauterine growth 

restriction (IUGR), 687 
 perioophoritis, 257 
 periovulatory period, 278 
 periovulatory period sonography, 301 
 peritoneal inclusion cysts, 208–209 
 peritoneum, ascites, abnormal fetal, 

ultrasound, 553–555 
 peritonitis, 257 
 perivascular, 1 
 persistent trophoblastic neoplasia (PTN), 

214 
 choriocarcinoma, 229, 231 f  
 epithelioid trophoblastic tumor, 230 
 invasive mole, 229 
 placental-site trophoblastic tumor, 

229–230 
 Petri dish, 777 
 Peutz-Jeghers syndrome, 214 
 pH, 645 
 phenylketonuria 

 defi ned, 747 
 effects on pregnancy, 757 

 pheochromocytoma, 157 
 physiology 

 fetal biophysical profi le, 653–654 
 menstrual cycle, 52–53 

 hypophyseal portal system, 53–54, 54 f  
 hypothalamus, 53, 54 f  
 ovaries, 56, 57 t  
 pituitary gland, 54–56, 56 f  

 multiple gestations, 662–664 
 picture archiving and communication 

 system (PACS), 1, 11, 803 
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 PID.  See  pelvic infl ammatory disease 
 pinocytosis, 747 
 pituitary gland, menstrual cycle, 54–56, 56 f  
 pixel, 804 
 placenta 

 abnormalities, 404, 404 t,  423 
 abnormal attachment, 409, 428–431, 

431 f,  432 f,  433 f  
 abnormal location (placenta previa), 

407–408, 407 f,  408 b,  408 f,  428, 
429 f,  430 f,  431 f  

 annular placenta, 406 
 hypoechoic placental lesions, 409–410, 

432–433, 433 b,  434 f  
 masses, tumors, 433–436, 435 f  
 membranes, amniotic bands, 406, 406 f  
 nontrophoblastic tumors, 410 
 placenta membranacea, 406 
 placental abruption, 408–409, 408 b,  

409 f,  436, 436 f,  437 f  
 placental hydrops, 406–407 
 retroplacental hemorrhage, 408–409 
 shape, confi guration, 404–406 
 shape, confi guration variations, 

425–428, 426–429 f  
 size, 402 t,  406, 424–425, 424 f,  425 t,  

426 f  
 development, 319 
 normal sonography 

 intraplacental texture, 402 f  
 morphology, 401–402, 402 f  
 normal placental calcifi cation, 403 
 retroplacental complex, 402 
 scanning protocol, 401, 402 t  

 placenta accreta, 175, 393, 396 f,  409 
 placenta increta, 393, 396 f,  409 
 placenta membranacea, 393, 406 
 placenta percreta, 393, 409 
 placenta previa, 1, 175, 393, 407–408, 407 f,  

408 b,  408 f,  428, 429 f,  430 b,  430 f,  
431 f  

 risk factors, 407 b  
 placental abruption, 408–409, 408 b,  409 f,  

436, 436 f,  437 f  
 placental circulation, Doppler ultrasound, 

634–635 
 placental echogenicity, abnormalities, 

409–410, 432–433, 434 f  
 placental, fetal insertion 

 identifying, Doppler ultrasound, 640, 641 f  
 placental grading, 403–404, 403 f,  404 t  
 placental hydrops, 393, 406–407 
 placental infarction, 393, 410 
 placental site trophoblastic tumor (PSTT), 

214, 229–230, 232 
 placental thickness measurement, 401, 401 f  
 placentomegaly, 423 
 platyspondyly, 609 
 plethoric, 661 
 pleural effusion, abnormal fetal, ultrasound, 

545, 546 f  
 pluripotent, 462 
 polycystic ovary syndrome, 74, 196–198, 

196 f,  197 f,  197 t,  198 b,  198 f,  214 
 polydactyly, 609, 621–622, 622 f  
 polyhydramnios, 661 
 polymenorrhea, 51 
 polypoid, 214 
 polyps, 176–177, 177 f  
 porencephaly (porencephalic cysts), 490 
 positive feedback loop, 51 
 positron emission tomography, ovary, 

malignant diseases, 248–249, 250 f  
 posterior urethral valves, abnormal fetal, 

ultrasound, 569 
 postmenopause 

 bleeding, 75 
 endometrial lining, HRT patients, 76 

 endometrium, 75 
 hormonal changes, estrogen defi ciency, 

75 
 hormone replacement therapy, 75–76 
 ovaries, 74–75 
 ultrasound, 76 
 uterus, 74 

 postoperative sonography, elective 
abortion, 308 

 postpartum ovarian vein thrombophlebitis, 
149 f,  772–773, 773 f  

 postpartum physiology, normal, 
measurements, 771 b  

 postpartum uterus 
 cesarean section complications 

 hematomas, 773, 773 f  
 infections, 774, 774 f  

 hemorrhage, 770, 771 f  
 normal anatomy, physiology, 769–770 
 postpartum ovarian vein thrombophlebitis, 

149 f,  772–773, 773 f  
 puerperal infection, 771–772, 772 f  
 scanning techniques, 770 
 sonographic appearance, normal, 770, 

770 f,  771 b  
 Potter sequence, 734, 734 f,  735 t  

 abnormal fetal, ultrasound, 539, 569–570 
 pouch of Douglas, 82 
 Pourcelot ratio, 629 
 Pourcelot resistive index, 137 
 precocious puberty, 167, 168 f  
 predictive value, 367 
 pre-eclampsia, 685, 715, 748 
 pregnancy, intrauterine devices and, 

307–308 
 pregnancy of unknown location (PUL), 352 
 pregnancy tests, 319 
 pregnancy-associated plasma protein A 

(PAPP-A), 314, 715 
 premature atrial contractions (PACs), 577, 

588, 590 f  
 premature ovarian failure, 74 
 premenarche through adulthood, 22 
 prenatal diagnostic procedures, anomalies, 

patterns, 721–722 
 prenatal screening 

 anomalies, patterns, 720–721 
 fi rst trimester, 720–721 
 second trimester, 721 

 preoperative evaluation, elective abortion, 
308 

 primary amenorrhea, 71 
 primordial germ cells, 21, 22, 23 f  
 professional responsibilities, 15, 16 t,  17 
 progesterone, 52, 58–59, 59 b,  61 f,  314 

 estrogen and, menstrual cycle, 65 
 ovarian cycle, 62–64 

 proliferative phases, menstrual cycle, 278 
 days 11-12, 69, 69 t  
 early, days 5-9, 137 
 late, days 10-14, 137 
 postmenstrual (late follicular), days 6–13, 

68, 68 t  
 preovulation/periovulatory, day 13, 69, 

70 t  
 pronephros, 21 
 prune belly syndrome, 539 
 psammoma bodies, 175 
 pseudoascites, abnormal fetal, ultrasound, 

555 
 pseudohermaphrodite, 157 
 pseudomyxoma peritonei, 237 
 PSTT.  See  placental site trophoblastic tumor 
 pterygium syndrome, 734, 736 b  
 PUBS.  See  percutaneous umbilical blood 

sampling 
 puerperal infection, 771–772, 772 f  
 PUL.  See  pregnancy of unknown location 

 pulmonary atresia, fetal heart, 595–596 
 pulmonary hypoplasia, 504 

 abnormal fetal, ultrasound, 544–545, 
545 b  

 pulmonary sequestration, abnormal fetal, 
ultrasound, 539, 543, 543 b,  543 f,  
582 f  

 pulsatility index (PI), 137, 214, 629 
 pulse repetition frequency, 629 
 pulsed-wave (PW) Doppler, 629, 636–639 
 pyosalpinx, 257 

Q
 quadruple screen, 715 
 quadruplet, 661 
 qualitative, 629 
 qualitative Doppler indices, 634 
 quantitative, 629 
 quantitative Doppler indices, 634 

R
 rachischisis, 462 
 radiation therapy, 214 
 radiodense (radiopaque), 175 
 radiology information system (RIS), 1, 2 
 radiotherapy planning, monitoring, 

endovaginal, 797, 798 f  
 rationale, for antepartum testing, 646 
 real-time imaging, 504 
 rectouterine recess (pouch), 52 
 red degeneration, 175 
 reference dot, 804 
 region of interest (ROI), 804 
 renal agenesis, 32, 539, 565–566, 565 b  
 renal malformations, abnormal fetal, 

ultrasound 
 fetal obstructive uropathies, 566–567, 

566 t,  567 f,  567 t  
 hydronephrosis, 566, 567 f,  568 f  

 causes, 567–569 ( See also  individual 
causes) 

 grading, 567 t  
 prune belly syndrome, 569 
 renal agenesis, 565–566 

 render modes, 3D/4D imaging, 810–812, 
810–813 f  

 reproductive endocrine glands, female, 53–56 
 reproductive hormones, female 

 estrogen, 58, 62 b  
 follicle-stimulating hormone, 56–57, 57 b  
 GNHR control (positive, negative 

feedback), 58, 58 b  
 gonadotropin releasing hormone, 56, 56 b  
 luteinizing hormone, 57, 57 b  
 progesterone, 58–59, 59 b,  61 f  
 theca interna, 58, 58 b  

 reproductive technologies.  See  assisted 
reproductive technologies; assisted 
reproductive technologies (ART) 

 resistive index (Pourcelot ratio), 214, 629 
 resorption failure 

 imaging techniques, 44–45, 44 f,  45 f  
 pregnancy outcomes, 43–44 
 treatment, 43 

 respiratory insuffi ciency, 333 
 retrofl exed, 52 
 retrognathia, 462 
 retroplacental, 393 
 retroplacental complex, 402–403 
 retroplacental hemorrhage, 408–409 
 retroverted, 52 
 reversible contraception, 304–306, 305 f,  

306 f,  307 f  
 Rh isoimmunization, 747 

 effects on pregnancy, 758–759, 758 f,  
759 f,  760 b,  760 t  



 848 INDEX

 rhabdomyoma, 577 
 rhabdomyosarcoma, 157 
 rhizomelia, 609 
 RI.  See  resistive index 
 right ventricle, double outlet, 602–604, 

603 f  
 right ventricular hypoplasia (hypoplastic 

right heart/pulmonary atresia), 
578, 595–596 

 risk factors, genetic, 719–720 
 ROI.  See  region of interest 
 Rokitansky nodule (dermoid plug), 157 
 rostral, 462 
 Routine Antenatal Diagnostic Imaging with 

Ultrasound Study (RADIUS), 6 
 RPC.  See  retroplacental complex 
 rubella (German measles), 748 

S
 Sabbagha and coworkers formula, weight 

percentile calculation, 690 t,  
691–692 

 sacrococcygeal teratoma, 497–498, 497 f,  
498 f  

 sagittal views, fetal head, 469, 469 f  
 salpingitis, 257 
 salpingo-oophorectomy, 214, 237 
 sarcomas, uterine, 221 b  
 scan planes, labeling standards, fetal 

ultrasound, 505–506, 505 f,  506 t  
 scanning methodology, fetal measurement, 

368 
 scanning protocol, 1 

 ALARA guidelines, 2, 13 
 diagnostic medical ultrasound, new 

developments, 14–15 
 endovaginal scanning, 9–10, 10 f  
 female pelvis ultrasound examination, 

guidelines, 5–6 b  
 fi rst trimester sonography guidelines, 

3–4 b  
 gravida/parity defi nitions, 3 t  
 OB examination report pages, 12–13 f  
 patient date entry (PDE), 2, 3 f  
 patient identifi ers, 2 t  
 patient preparation 

 gynecological examinations, 6–8 
 obstetric examinations, 8 
 setup, 2–6 

 placenta, 401, 402 t  
 professional responsibilities, 15, 16 t,  17 
 second, third trimester sonography 

 guidelines, 4–5 b  
 suboptimal uterus (UT) image, 7 f,  9 f  
 3D ultrasound, 14 b,  15, 15 b  
 transducer selection, 8–9 
 transperineal scanning, 10–11, 11 f  
 ultrasound safety, 11–14, 13 b,  14 b  

 scanning technique(s) 
 abdomen, abnormal fetal, 549 
 Doppler ultrasound, normal fetus, 

635–639 
 general principles, 8 t  
 placenta, 399–400 

 full bladder, 400 
 placental thickness measurement, 

401, 401 f  
 transducer, angle, frequency, gain 

settings, 400–401, 400 f,  401 f  
 postpartum uterus, 770 
 principles, normal fetal, 504 
 umbilical cord, 411 

 schizencephaly, 486 
 scoliosis, 496, 496 f  
 scoring, biophysical profi le, 648–650, 649 f,  

649 t,  653 
 S/D ratio, 137, 629 

 second, third trimester, sonographic 
assessment, multiple gestations, 
666–668, 666 f,  667 f,  668 f  

 second, third trimester sonography 
guidelines, 4–5 b  

 second trimester, 313 
 early (16 to 20 weeks), uterine artery 

Doppler, 695–696 
 prenatal screening, 721 

 secondary amenorrhea, 71 
 secretory phase, menstrual cycle, 137, 278 

 days 15-22, 69–71, 71 t  
 days 23-28, 71, 72 t,  73 t  
 (premenstrual), day 14 (ovulation), 69, 

70 t  
 selective reduction, multiple gestations, 678 
 semiquantitative measurements, amniotic 

fl uid assessment, intrauterine 
growth restriction (IUGR), 703 b  

 sensitivity, 685 
 septal defects, fetal heart 

 atrial, 592–593, 593 f  
 atrioventricular, 591 f,  593–594, 594 f  
 ventricular, 590–592, 591 f,  592 f  

 septate uterus, 32 
 septum primum, 578 
 serosa, 82 
 serous carcinoma, 237 
 serous cystadenocarcinoma, 237 
 Sertoli-Leydig cell tumors (androblastoma), 

207–208, 237 
 sex cord stromal tumors, 238 
 SGA.  See  small for gestational age 
 Shepard and coworkers formula, weight 

percentile calculation, 691 
 short rib-polydactyly syndrome, 615–616, 

615 b,  616 f  
 SHSG.  See  sonohysterography 
 sickle cell anemia, 748 

 effects on pregnancy, 759–761, 761 b  
 signal analysis, Doppler ultrasound, 

633–634, 634 f  
 single umbilical artery, 414, 441 f  
 sinovaginal bulb, 32 
 sirenomelia, 624, 625 f  
 site 1, amniotic fl uid assessment, intrauter-

ine growth restriction (IUGR), 702 
 site 2, amniotic fl uid assessment, intrauter-

ine growth restriction (IUGR), 702 
 site 3, amniotic fl uid assessment, intra-

uterine growth restriction (IUGR), 
702–703, 704 f,  705 f  

 situs inversus, 539 
 size-dates discrepancy, fi rst trimester 

complications, 334, 334 f  
 skeletal dysplasia(s), 612 t  

 achondroplasia, 615, 615 b,  615 f  
 asphyxiating thoracic dysplasia, 617 
 camptomelic dysplasia, 619, 619 f,  620 b  
 congenital hypophosphatasia, 620, 620 b,  

620 f  
 dysostosis, 620–621, 620 f,  621 b,  724 f  
 Ellis-van Creveld syndrome (EvC), 617, 

617 b  
 osteogenesis imperfecta, 617–618, 617 f,  

618 f  
 short rib-polydactyly syndrome, 615–616, 

615 b,  616 f  
 sonographic fi ndings, 613 t  
 thanatophoric dysplasia, 614–615, 614 b,  

614 f  
 sliding sac sign, 352 
 small bowel obstruction, abnormal fetal, 

ultrasound, 557–563 
 small for gestational age (SGA), 685 
 soft sonographic marker, 715 
 soft tissue structures, chest, normal fetal, 

ultrasound, 511 

 soft tissues, abdominal, normal fetal, 
ultrasound, 521, 522 f  

 solid masses, umbilical cord, 414 
 sonoembryology, fi rst trimester, 322, 323 t  

 central nervous system, 323–324, 324 f  
 extremities, 324, 325 f  
 gastrointestinal tract, abdominal wall, 

324, 325 f  
 heart, 322–323, 323 f  

 sonographic examination technique, 
protocols, pediatric pelvis, 
158, 158 b  

 sonographic measurements accuracy, 
368–369, 368 f  

 sonographic technique, fetal limbs 
 abnormal, 612–613, 612 f,  612 t,  613 f,  613 t  
 normal, 380 f,  382 f,  610–612, 610 f,  611 f,  

613 t  
 sonographically guided embryo transfer, 303 
 sonography during periovulatory period, 

301 
 sonohysterography (SHSG), 185–186, 214 
 space of Retzius, 82 
 spatio-temporal image correlation (STIC), 

804 
 specifi city, 685 
 spermatozoon (spermatozoa), 314 
 spina bifi da, 493–496, 493 f,  494 f,  495 f,  504 
 spine, fetal 

 caudal regression syndrome, 496–497 
 embryology, 491–493, 493 f  
 kyphosis, 496 
 sacrococcygeal teratoma, 497–498, 497 f,  

498 f  
 scoliosis, 496, 496 f  
 sonography, 472–474 
 spina bifi da, 493–496, 493 f,  494 f,  495 f  
 structural anomalies, 474, 493–498 

 spleen 
 abnormal fetal, ultrasound, 555–556, 

555 f,  556 f  
 normal fetal, ultrasound, 523–526 

 squamous cell carcinoma, 214 
 STIC.  See  spatio-temporal image correlation 
 stimulation, fetal, nonstress test (NST), 

650–651 
 stomach, abnormal fetal, ultrasound, 557 

 bowel duplications, 557 
 stomach, bowel, normal fetal, ultrasound, 

527–529 
 structural abnormalities, syndromes, fi rst 

trimester complications, 339–347, 
341–346 f  

 structural anomalies, fetal.  See also  fetal 
anomalies, patterns 

 face, 474 
 cleft lip, palate, 476–478, 477 b,  478 f,  

479 f,  480 f  
 clefts, 476 
 eye embryology, 475–476, 475 f,  476 f  
 lower face embryology, 476, 477 f  

 head, brain 
 absence of structure normally present, 

478–486 
 acrania, 480 
 additional structure presence, 490–491 
 Arnold-Chiari malformations, 487–488, 

488 b,  488 f  
 cephalocele/encephalocele, 486–487 
 choroid plexus cysts, 490, 490 f  
 cleft lip, palate, 476–478 
 corpus callosum agenesis, 483–485, 

485 b  
 cystic hygroma, 488–490, 489 f,  490 t  
 Dandy-Walker malformation, 484 f,  

485–486, 485 b,  485 f,  486 t  
 dilatation behind obstruction, 488 
 herniation through defect, 486–490 
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 holoprosencephaly, 481–483, 482 f,  
483 b,  484 f  

 iniencephaly, 487 
 intracranial hemorrhage, 490–491, 491 f  
 lissencephaly, 486 
 meroanencephaly/anencephaly/

acrania, 478–481, 480 b,  481 f  
 porencephaly (porencephalic cysts), 

490 
 schizencephaly, 486 
 vein of Galen aneurysm, 491, 492 f  

 neck, 474–498 
 spine, 474 

 caudal regression syndrome, 496–497 
 embryology, 491–493, 493 f  
 kyphosis, 496 
 sacrococcygeal teratoma, 497–498, 

497 f,  498 f  
 scoliosis, 496, 496 f  
 spina bifi da, 493–496, 493 f,  494 f,  495 f  

 struma ovarii, 238 
 subchorionic hematoma, 333 
 subchorionic hemorrhage, 333, 336, 338 f,  

338 t  
 subchorionic lakes, 409–410 
 subfertility, 278 
 submucosal leiomyoma, 214 
 suboptimal uterus (UT) image, 7 f,  9 f  
 subseptate uterus, 32 
 succenturiate lobe placenta, 393 
 supine hypotension, 629 
 supine hypotensive syndrome (aortocaval 

compression syndrome), 1 
 supraventricular tachycardia (SVT), 578 
 surface epithelial inclusion cysts, 194 
 surface rendering, 804 
 suspensory (infundibulopelvic) ligament, 

52 
 SVT.  See  supraventricular tachycardia 
 syndactyly, 609 
 syndromes, sequences, associations, fetal 

anomalies, 722–739 
 synechia(e) (Asherman’s syndrome), 179, 

179 b,  423 
 systemic lupus erythematosus, 748 

 effects on pregnancy, 762 

T
 tachyarrhythmias, fetal heart, 588–589, 590 f  
 tachycardia, 333 
 talipes, 609 
 tamoxifen, 175, 214 
 TAR syndrome, 623 
 TD.  See  thanatophoric dysplasia 
 technical pitfalls, multiple gestations, 

669–670, 670 f  
 teratocarcinoma, 238 
 teratogen, teratogenic, 214, 462 
 teratoma, 410 
 tetralogy of Fallot, 578 
 TGA.  See  transposition of great arteries 
 thalassemia, 748 

 effects on pregnancy, 761 
 thanatophoric dysplasia (TD), 614–615, 

614 b,  614 f  
 theca cell tumor (thecomas), 205–206, 206 f  
 theca externa, 52 
 theca interna, 52, 58, 58 b  
 theca lutein cysts, 193–194, 194 f,  278, 334 
 thecomas (theca cell tumor), 205–206, 206 f  
 thelarche, 157 
 thermocoagulation, 661 
 thinning, umbilical cord, 414 
 third trimester, 313 
 thorax 

 abnormal fetal, ultrasound, 540–549 
 normal fetal, ultrasound, 507–519 

 threatened abortion, 334 
 threatened miscarriage, 334 
 3D imaging, 503 

 fetal echocardiography, 587–588, 587 f,  
588 f,  589 f,  808 f  

 scanning techniques, placenta, 399–400 
 3D ultrasound, 14 b,  15, 15 b,  129, 130 f,  131, 

131 f,  132 f,  133, 133 f,  803 
 3D volume (volume data set), 803, 

807–808, 808 f,  808 t  
 3D/4D imaging, 803–804 

 acquisition techniques, 806–807, 
806–808 f  

 data set use after acquisition, 831–832, 
832 t  

 ethical considerations, 830–831 
 in gynecology, 813–820, 813 t,  814–817 f,  

818 t,  819 f,  820 f  
 history, 805, 805 f  
 in obstetrics, 819 f,  820–830, 820 t,  

822–827 f,  828 f,  828 t,  829 f,  830 f  
 parental bonding, 830–831 
 render modes, 810–812, 810–813 f  
 3D multiplanar reconstruction, 808–810, 

809 f  
 3D volume, obtaining, 807–808, 808 f,  808 t  
 3D  vs.  4D, 812–813 
 tomographic ultrasound imaging, 810, 

810 f  
 threshold, 804 
 thrombocytopenia-absent radius (TAR) 

syndrome, 623 
 thrombophilias, 748 

 effects on pregnancy, 762 
 thrombophlebitis, 769 
 thrombosis, 423 
 thymus, normal fetal, ultrasound, 518 f,  519 f  

 embryology, 513–518 
 imaging fi ndings, 518 

 tomographic ultrasound imaging 
(multislice), 804, 810, 810 f  

 tone, fetal biophysical profi le, 647, 648 f  
 TORCH infections, 748 

 effects on pregnancy, 751–754, 752 f,  753 f,  
754 f,  755 b  

 toxemia (pre-eclampsia), 334, 748 
 hypertension, effects on pregnancy, 

761–762, 761 f,  762 b  
 toxoplasmosis, 748 
 transabdominal, 1 

 imaging, advantages, disadvantages, 139 t  
 scanning techniques, placenta, 399–400 
 technique, chorionic villus sampling, 

784–785, 784 f,  785 f  
 transcervical, 777 

 technique, ultrasound-guided sampling, 
783–784, 784 f  

  vs.  transabdominal technique, chorionic 
villus sampling, 784 f,  785 

 transdominal imaging, sonographic tips, 
201–202 

 transducer 
 angle, frequency, gain settings, 400–401, 

400 f,  401 f  
 footprint, 1 
 selection, scanning protocol, 8–9 

 transparency, 804 
 transperineal scanning, 10–11, 11 f  
 transperineal scanning techniques, 

placenta, 399–400 
 transposition of great arteries (TGA), 578 
 transvaginal ultrasound (TVS) 

 diagnostic applications, 82, 82 t  
 procedures guided with, 83 t  

 transvaginal/endovaginal, 1 
 transverse, 504 

 cerebellum measurement, fetal, 370 f,  
374–376, 375 f,  375 t  

 head circumference, fetal, 371 f,  372–374, 
373 t,  374 f  

 TRAP.  See  twin reversed arterial perfusion 
sequence 

 tricuspid atresia, 578 
 triphasic, 629 
 triple screen, 715 
 triploid (triploidy), 334 
 triploidy, 685, 736, 737 b,  737 f  
 trisomy, 504, 685 
 trisomy 13 (Patau syndrome), 736–739, 

738 f  
 trisomy 18 (Edward syndrome), 739, 739 f,  

740 f  
 trisomy 21 (Down syndrome), 739–741, 

741 f,  741 t,  743 f  
 trophoblast, 393 
 true and false knots, umbilical cord, 411, 

423 
 true pelvis, 82 
 truncus arteriosus, 578 
 TTTS.  See  twin-to-twin transfusion 

syndrome 
 tubal ring sign, 352 
 tubo-ovarian abscess (TOA), 257, 261–262, 

262 f  
 tubo-ovarian complex, 257, 261, 262 f  
 tumors, placental, 433–436, 435 f  
 Turner (XO) syndrome, 157, 731–732, 733 f  
 twin reversed arterial perfusion sequence 

(TRAP), 671–672, 671 f,  672 b  
 twin-to-twin transfusion syndrome (TTTS), 

672–674, 672 f,  673 b,  673 f  
 multiple gestations, 673–675 

 2D imaging, protocol, fetal echocardiography, 
585–586 b  

U
 uE 3 .  See  unconjugated estriol 
 ultrasound 

 advantages, disadvantages, 84 t  
 benefi ts, 137 
 evaluation, menstrual cycle 

 endometrium, sonographic appearance, 
68, 68 t  

 menses (menstruation), days 1-5, 66, 
67 f,  67 t  

 proliferative (preovulation/
periovulatory) phase, day 13, 
69, 70 t  

 proliferative phase, days 11-12, 69, 69 t  
 proliferative/postmenstrual (late 

follicular) phase, days 6-13, 
68, 68 t  

 secretory (premenstrual) phase, day 14 
(ovulation), 69, 70 t  

 secretory phase, days 15-22, 69–71, 71 t  
 secretory phase, days 23-28, 71, 72 t,  73 t  
 uterus, sonographic appearance, 66 

 fi ndings, reporting protocol, intrauterine 
growth restriction (IUGR), 705–706 

 fi rst trimester 
 ALARA principle, 328, 328 f  
 conceptus, early development, 313, 

317–319, 318 f  
 fertilization, implantation, 314 f,  

315–317, 316 f,  317 f  
 fi rst-trimester sonogram, components, 

327–328 
 gamete formation, 314–315 
 gestational age, determining, very early 

pregnancy, 325–326, 326 f,  326 t  
 nuchal translucency (NT), 314, 

326–327, 327 f,  327 t  
 placenta, development, 319 
 pregnancy tests, 319 
 sonoembryology, heart, 322–323, 323 f  
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 sonogram, components, 327–328 
 ALARA principle, fi rst trimester, 328, 

328 f  
 sonographic fi ndings, 319–322, 319–322 f  

 fi rst trimester, sonoembryology, 322, 323 t  
 central nervous system, 323–324, 324 f  
 extremities, 324, 325 f  
 gastrointestinal tract, abdominal wall, 

324, 325 f  
 interventional, 777–778 
 normal fetal chest, abdomen, pelvis, 

503–534 
 postmenopause, 76 
 safety, 11–14, 13 b,  14 b  
 scanning protocol 

 ovary, malignant diseases, 252–253, 
253 f,  253 t  

 ultrasound-guided amniocentesis, 780–782, 
781 f,  782 f  

 ultrasound-guided endovaginal procedures 
 diagnostic culdocentesis, 792–793, 793 f  

 ultrasound-guided sampling, chorionic 
villus, 783–784 

 umbilical arterial Doppler, intrauterine 
growth restriction (IUGR), 696–697, 
696 f,  697 f  

 umbilical artery 
 continuous-wave study, Doppler 

ultrasound, 635–636, 636 f,  636 t  
 waveforms, Doppler ultrasound, 636, 

636 f  
 umbilical coiling index, 424 
 umbilical cord, 410 b,  424 

 abnormalities, 412 t  
 abnormal cord position, 413–414 
 absence of cord, 411 
 cord insertion, 399 f,  411, 413 f,  

443–448, 445 f,  448 f  
 cystic cord masses, 448–450, 449 f,  

450 f,  451 f  
 cystic masses, 414, 415 f  
 enlargement, 414, 414 f  
 position, 452–456, 452–456 f  
 single umbilical artery, 414, 441 f  
 solid masses, 414 
 structure, 442–443, 444 f  
 thinning, 414 
 true and false knots, 411 
 umbilical vein, arterial thrombosis, 

415–416 
 vessel number, 440–442, 440–443 f  

 cord masses, 414 
 development, 410 
 Doppler ultrasound, 635, 635 t  
 normal fetal, ultrasound, 521–522, 523 f,  

524 f,  525 f  
 normal sonographic appearance, 322 f,  

411, 411 f,  440 f  
 scanning technique, 411 
 structure, function, 398 f,  410 

 umbilical hernia, 424 
 umbilical vein Doppler, intrauterine growth 

restriction (IUGR), 699–701, 700 f,  
701 f  

 umbilical vein thrombosis, 415–416 
 umbilical vein waveforms, Doppler 

ultrasound, 636–637, 636 f,  637 t  
 umbilical vesicle (yolk sac), 314 
 unconjugated estriol (uE 3 ), 715 
 upper GI, 539 
 ureter, 119, 122 
 ureteropelvic junction obstruction, 

abnormal fetal, ultrasound, 566 t,  
567–569 

 ureterovesical junction obstruction, 
abnormal fetal, ultrasound, 569 

 urethra, 95–98, 96 f,  97 f  
 urinary bladder, 95–98, 95–99 f  
 urogenital, 21 
 uterine artery, 137 

 Doppler ultrasound, 636, 695 f  
 early pregnancy (12 to 13 weeks), 695 
 early second trimester (16 to 20 

weeks), 695–696 
 intrauterine growth restriction (IUGR), 

695–696, 695 f  
 uterine body, fetal environment, 394–395, 

396 f,  397 f  
 uterus, 101–108 f,  109 b  

 aplasia, 32 
 assessment, infertility, 286–294 
 benign disease, 176–185 
 benign lesions, 176 t  
 blood fl ow, 128–129, 128 f,  129 f  
 cervix, 102 
 ectopic pregnancy, sonographic 

characteristics, 358–359, 358 f,  
359 f  

 endometrium, 104 
 layers, 102 
 lower segment, fetal environment, 

394–396, 394 f  
 myometrium, 102, 104 
 pathology, pediatric pelvis 

 benign lesions, 161–162, 190 f  
 malignant lesions, 162, 162 f  

 position, variants, 109, 109 b  
 postmenopause, 74, 74 t  
 postpartum, 769–774 
 segments, 101–102, 104 
 size, shape, position, 104, 106, 108 
 sonographic appearance, menstrual cycle, 

66 
 spaces adjacent, 109 
 uterine cavity, 102 
 uterine dehiscence, 175, 179–180, 180 b,  

180 f,  181 f  
 uterine sarcomas, 221 b  
 vasculature, Doppler ultrasound, 146 f,  635 
 waveforms, Doppler ultrasound, 637, 695 f  

 uterus arcuatus, 32 
 uterus bicornis bicollis, 32 
 uterus didelphys, 32, 41 

 imaging techniques, 43 
 pregnancy outcomes, 42 
 treatment, 42 

 uterus unicornis, 36, 38 f,  39 f,  41 f  
 imaging techniques, 37–38, 40 f  
 pregnancy outcomes, 37 
 treatment, 37 

 uterus unicornus unicollis, 32 

V
 VACTERL association, 623 
 vagina, 98–100, 99 f,  100 f,  101 f  

 benign disease, 189–190 
 benign lesions, 176 t  
 formation, 25, 27 
 pathology, pediatric pelvis 

 benign lesions, 161–162, 190 f  
 malignant lesions, 162, 162 f  

 vaginal cuff posthysterectomy, imaging, 
190, 190 f  

 vaginal septum, 35–36 
 Valsalva maneuver, 393 
 vanishing twin, 668–669, 668 f,  669 f  
 varicella-zoster infection, 748 
 VAS.  See  vibroacoustic stimulation 
 vasa previa, 1, 393, 413–414, 670–671, 671 f  
 vasculature, abdominal, normal fetal, 

ultrasound, 521–522, 523 f,  
524 f,  525 f  

 vasculature, uterine, Doppler ultrasound, 
146 f,  635 

 VATER/VACTERL association, 741–744, 
743 f  

 vein of Galen aneurysm, 491, 492 f  
 velamentous insertion, 393 
 venogram, 769 
 venous lakes, 424 
 ventral, 504 
 ventricular septal defect (VSD), 578, 

590–592, 591 f,  592 f  
 ventriculomegaly, 488 
 vermis, 462 
 vernix caseosum, 393 
 vertical transmission, 715 
 vibroacoustic stimulation (VAS), 685 
 viral infections, effects on pregnancy, 

749–750, 750 f  
 virtual organ computer-aided analysis 

(VOCAL), 504, 804 
 VOCAL.  See  virtual organ computer-aided 

analysis 
 VOCAL (virtual organ computer-aided 

analysis), 504 
 volume data set, 803 
 volume ultrasound, 804, 805–806, 805 f  
 voxel, 804 
 VSD.  See  ventricular septal defect 

W
 waveform analyses, 141–142, 141 f,  142 f,  

151 b  
 waveform interpretation, Doppler 

ultrasound, 634 
 waveforms, Doppler ultrasound 

 factors affecting, 640, 640 b  
 interpretation, 634 
 umbilical vein, 636–637, 636 f,  637 t  
 uterine, 637, 695 f  

 weight, fetal measurement parameters 
 calculation, 383–390, 384–389 t  

 weight percentile, calculating, intrauterine 
growth restriction (IUGR), 
689–693 

 weight percentile calculation, 689–690 
 Hadlock and coworkers formula, 691, 

691 t  
 identifi cation, weight-based theories, 

688, 689 t  
 non-weight-based parameters, 692–693, 

692 f  
 Sabbagha and coworkers formula, 690 t,  

691–692 
 Shepard and coworkers formula, 690–691 

 weight-based theories, IUGR identifi cation 
 weight percentile calculation, 688, 689 t  

 Wharton’s jelly, 393, 629 
 wolffi an ducts.  See  mesonephros 
 World Health Organization (WHO), 205 
 Wunderlich-Herlyn-Werner syndrome, 32 

X
 XO syndrome (Turner syndrome), 731–732, 

733 f  

Y
 yolk cell tumor (endodermal sinus tumor), 

238 
 yolk sac, 314 

Z
 zygote, 314, 661  

ultrasound (continued)
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