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Foreword

Ultrasound of the penis is a highly performing non-invasive imaging modality, which 

allows depicting superbly the normal anatomy of penile structures but also the mac-

roscopic pathological changes occurring in various disease entities such as Peyronie’s 

disease and priapism.  Ultrasound plays also an important role in the optimal manage-

ment of traumatic, post surgical and tumoral conditions of the penis and urethra.

In addition, the functional changes in penile blood fl ow as seen in erectile dysfunc-

tion can be studied appropriately with color Doppler ultrasound methods.

This superbly illustrated volume comprehensively covers our latest knowledge and 

insights on the technical possibilities of penile ultrasound and on its clinical role in 

relation to other non-invasive imaging modalities, particularly MRI.

I congratulate the editor, M. Bertolotto, and the contributing authors, all inter-

nationally recognised experts in the fi eld, for this outstanding, well researched and 

superbly illustrated book.

I am convinced that this unique volume on a highly actual clinical topic will be of 

great interest for radiologists in training and for certifi ed radiologists, but also for 

urologists and specialists in andrology.

I sincerely hope that it will meet the same success as the many other volumes previ-

ously published in the series: Medical Radiology – Diagnostic Imaging.

Leuven  Albert L. Baert
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Preface

Color Doppler ultrasound is increasingly used in clinical practice by both radiologists 

and clinicians. The advantages of new machines are particularly evident when imaging 

superfi cial structures since submillimetric anatomical details can be investigated and 

fl ow in very small vessels can be evaluated in real time without radiation. 

Penile sonography, in particular, has gained many benefi ts from the introduction of 

new technologies. Improved spatial resolution enables evaluation of virtually all penile 

pathologies with an accuracy which, with few exceptions, cannot be reached by other, 

more expensive, imaging modalities. 

During the 1990s, color Doppler ultrasound became the major tool for classifi ca-

tion of organic causes of impotence. At present, the introduction into clinical practice 

of effective oral medications has greatly reduced the importance of this examination. 

However, other important applications of this technique are now emerging. In particu-

lar, the possibility to image the tunica albuginea with great anatomical detail opens 

new preoperative perspectives in evaluating patients with Peyronie’s disease, trauma, 

priapism, and fi brosis.

Only a limited number of sonologists routinely perform penile ultrasound. More-

over, radiologists often have a superfi cial knowledge of what urologists really need 

from penile imaging studies, while clinicians often have insuffi cient knowledge of the 

diagnostic capabilities offered by latest generation equipment. This is unfortunate, 

because many patients with penile pathologies that could be successfully investigated 

and diagnosed with ultrasound usually undergo other, often more invasive, imaging 

tests or go directly to unnecessary surgery. 

It only takes a little bit of effort to understand ultrasound penile anatomy and its 

changes in pathological conditions, and to appreciate what gray-scale and Doppler 

evaluation can show. 

This book provides a comprehensive reference and practical guide on the technology 

and application of ultrasound to penile pathologies. For each topic a clinical intro-

duction is provided, followed by a description of the current role of ultrasound and 

 Doppler technique, and by discussion of further diagnostic information offered by 

other imaging modalities. It is addressed not only to radiologists and urologists pri-

marily involved in urogenital imaging, but also to graduate students, and to all clini-

cians requiring a reference book for managing penile problems during their everyday 

clinical work. 

The volume is the expression of the efforts of distinguished experts throughout the 

world. The contributing authors bring a wealth of international experience in penile 



X Preface

clinics and imaging. I’m greatly indebted to them for their enthusiastic com-

mitment and support. 

Also, I would like to thank most sincerely the Medical Radiology series editor, 

Professor Albert Baert, for giving me the opportunity to publish this book.

I sincerely hope that the present book fulfi lls the expectations of our colleagues 

in their common clinical practice.

Trieste   Michele Bertolotto
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1.1 
Advances in Ultrasound Technology

The latest generation of beam-forming technologies 
and use of new broadband high-frequency probes 
have improved signifi cantly the quality of ultrasound 
imaging, particularly in the examination of superfi -
cial structures. Penile sonography, in particular, has 
gained many benefi ts from the introduction of these 
new technologies. Improved spatial resolution allows 
evaluating normal and pathological structures gener-
ally of less than 1 mm with excellent detail, and in-
creased color Doppler sensitivity for low fl ows allows 
full evaluation of the penile vasculature. Using higher 
frequency transducers with increased bandwidth and 
tissue penetration, in particular, has signifi cantly in-
creased the possibility of evaluating the tunica albu-
ginea and its pathological changes in detail.

This chapter will review the main advances in 
ultrasound technology and address the clinical im-
pact they have had or are likely to have in the future 
in imaging penile disease. 

1.2 
Broadband Transducers

The transducer is an essential element of ultrasound 
equip ment, responsible for the generation of an ultra-
sound beam and the detection of returning echoes. 
It greatly infl uences spatial resolution, penetration 
and signal-to-noise ratio. In recent years, research in 
transducer technology has been focused on the devel-
opment of piezoelectric elements with lower acoustic 
impedances and greater electromechani cal coupling 
coeffi cients, as well as on improving the character-
istics of absorbing backing layers and quarter-wave 
impedance matching layers (Claudon et al. 2002).

Instrumentation and Technical Requirements 1
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Currently, transducer arrays are formed by ce-
ramic polymer composite elements. A variety of 
technical solutions have been applied to improve 
their mechanical characteristics. In particular, pi-
ano-concave elements can be used to provide a uni-
form elevation plane radiation pattern both in the 
near and in the far fi eld (Jedrzejewicz 1999). Simi-
lar results have been obtained producing multi-lay-
ered piezoelectric elements (Whittingham 1999b) 
or shaping the elements in other suitable ways. These 
refi nements led to the use of very short pulses, in-
creased bandwidth and better intrinsic collimation 
of the ultrasound beam (Fig. 1.1).

Capacitive micromachined ultrasonic transduc-
ers (CMUT) are now in an advanced state of de-
velopment. Well-functioning prototypes have been 
produced, and commercially available probes based 
on this innovative technology will be soon com-
mercially available. CMUTs have the potential to 
outperform conventional piezoelectric transducers 
in terms of bandwidth, sensitivity and electro-me-
chanical coupling effi ciency (Oralkan et al. 2002). 
The possibility to integrate both the CMUT trans-
ducer and the controlling electronics on a single sili-
con chip, reducing noise, interconnecting complex-
ity and cost, appears very promising. 

1.3  
Coded Transmission

The issue of maximizing penetration depth retain-
ing or enhancing spatial resolution constitutes one 
of the major challenges in ultrasound imaging. One 
of the original objectives in designing broadband 
transducers was to improve axial resolution without 
changing the emission frequency; in fact, the shorter 
the transmission pulses used in a broadband emis-
sion, the better and more faithfully the conversion 
into electric sig nals can be obtained (Whittingham 
1999a). In principle, however, short pulses suffer at-
tenuation to a greater extent and are char acterized 
by less penetration than long pulses.

The simplest way to increase penetration of short 
pulses is to increase the acoustic power of the ul-
trasound beam, because signal from deeper tissue 
regions can be recorded over the noise threshold. 
However, concerns about potential and undesirable 
side effects, in particular related to acoustic cavi-
tation, set limits on the possibility of overcoming 
the frequency-dependent attenuation by increasing 
peak acoustic amplitudes of the waves probing the 
tissue. Moreover, low amplitudes are mandatory 

Fig. 1.1. Relationship between spa-
tial pulse length and frequency 
spectrum. Intensity versus time di-
agrams (left illustrations) illustrate 
two pulses with different length 
of 1 s and 2 s, respectively, and 
the corresponding spectrum of 
frequency of 2 MHz and 1 MHz, re-
spectively. The longer pulse (2 s) 
generates a narrower bandwidth 
(1 MHz). (The bandwidth is mea-
sured between the 6 dB points of 
each side of the spectrum) 
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when pulses for contrast-specifi c non-destructive 
modes are designed, in order to limit microbubble 
destruction.

A substantial effort has been made by the dif-
ferent manufacturers of ultrasound machines to 
overcome limitations of peak acoustic amplitude 
by using long wideband transmitting sequences 
and compression techniques on the receiver side. 
Basically all use coded transmitted signals and 
employ correlation and averaging of the echoes on 
reception (Fig. 1.2). 

Coded transmission offers two major advantages 
over conventional ultrasound beam forming. Coded 
pulses can be readily recognized from random 
noise, and pulses with increased average power can 
be driven within the tissue without increasing the 
peak acoustic amplitude. As a consequence, a sig-
nifi cant improvement of the signal-to-noise ratio is 
obtained, and frequency-dependent attenuation is 
reduced. Higher ultrasound frequencies can be used 
for ultrasound imaging both with abdominal and 
small-part applications, enclosing penile imaging 
(Fig. 1.3) leading to increased spatial and contrast 
resolution (Nowicki et al. 2004).

Fig. 1.2. Illustration of coding principle. A broadband co-
herent code is used to drive a temporally extended pulse. 
The received signal is decoded to produce an imaging pulse 
that is characterized by improved signal-to-noise ratio, re-
sulting from the increased bandwidth and higher average 
power in the elongated excitation. The pressure peak driven 
within the tissue with the coded pulse is lower than that of 
the decoded imaging pulse, resulting in a reduced risk of 
biological effects

Fig. 1.3a,b. Advantages in ultrasound technology. Axial scan 
of the same portion of a penile shaft obtained using two 
transducers with different bandwidth and different beam-
forming technologies. a Using a 5-12-MHz transducer (L12-
5, HDI500, Philips), the tunica albuginea (arrowheads) of the 
right corpus cavernosum (CC) can be recognized. b A much 
better resolution is obtained using a transducer with wider 
bandwidth and coded transmission (L17-5, iU22, Philips), 
which allows better evaluation of the tunica albuginea of 
the right corpus cavernosum and of the corpus spongiosum 
(CS). Also the Buck’s fascia is recognized as a separate layer 
(curved arrows)

b

a
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1.4  
Multiple-Frequency and
Wideband Imaging

In broadband transducers the high-frequency com-
ponents of the spectrum tend to increase the inten-
sity of the ultrasound beam in the most superfi cial 
regions and in the focal zone, whereas the low-fre-
quency components extend the penetra tion depth 
(Whittingham 1999a). In multiple-fre quency im-
aging, the available broad bandwidth is subdivided 
into multiple frequency steps for transmission and 
reception of sound waves: these transducers enable 
selection of the optimal frequency range in a given 
scanning plane as though two or more independent 
transducers, each with a different center frequency, 
were available (Fig. 1.4). 

Other systems use the entire transducer band-
width for the transmitted pulse and then adjust the 
receiver bandwidth to lower frequencies as deeper 
depths are sampled. These systems give increased 
fl exibility to the ultrasound examination, enabling 
the same transducer to change the image acquisition 
parameters during scanning based on the desired 
clinical information.

1.5  
Focusing

Reducing the width and thickness of the ultra-
sound beam has definite advantages in terms of 
contrast and spa tial resolution. In modern lin-
ear-array transducers focusing is produced elec-
tronically by activat ing a series of elements in the 
array with appropriate delays, so that the trigger 
pulses to the inner ele ments are delayed with re-
spect to the pulses to the outer ones. In this way 
a curved wavefront results from constructive in-
terference bringing the ultrasound beam toward 
a focus. By adjusting the values of the delays ap-
plied to the trigger pulses, the curvature of the 
wavefront and, therefore, the focal depth can be 
changed dynamically.

An important factor infl uencing the lateral re-
solving power of the system is the dynamic aperture: 
this is achieved by activating variable numbers of el-
ements dynamically to optimize focusing at many 
depths.

1.6  
Transducer Selection and Handling

A variety of linear-array transducers is currently 
avail able in the frequency range used for penile im-
aging. Selection of the most appropriate transducer 
primarily depends on the frequency, but is also re-
lated to other factors. Compared with small trans-
ducers, for instance, larger probes tend to have a 
large near-fi eld beam width leading to a poor lateral 
res olution at shallow depths. 

Fig. 1.4a,b. Multiple-frequency transducers. a,b Axial im-
ages of the penile shaft obtained with an 8–5 MHz multiple 
frequency transducer (15L8, Sequoia, Siemens) by setting 
the center frequency at a 8 MHz and b 14 MHz, respectively. 
Shifting the frequency band upward, a more defi ned echotex-
ture is appreciated as a result of an increased resolution

b

a



  Instrumentation and Technical Requirements 5

During penile ultrasound examination probe 
handling requires maximum stability over the re-
gion of interest; compression is not required, and 
the mobility of the probe to cover the entire shaft 
is considerably less than in other studies. Because 
pathologic fi ndings may be very small in size and 
are evaluated by placing the probe over a curvilinear 
surface, stability of the transducer is a key factor for 
high-quality examinations. In our expe rience, the 
best grip to obtain probe stability can be obtained by 
placing the ulnar fi ngers (long, ring, little) directly 
on the patient’s skin while holding the probe with 
the radial fi ngers (so that the probe hangs between 
the thumb and the index fi nger). This grip allows 
easy translation of the probe along its short axis at a 
given angle minimizing rotational changes.

1.7  
New Imaging Modalities

Recent technologic innovations in ultrasound 
have resulted in improved diagnostic performance 
for the evalua tion of superfi cial structures. Some 
of them have a role for penile imaging as well, in 
particular, wide band Doppler imaging and spatial 
compounding. Other innovations such as extended 
fi eld-of-view and 3D rendering or reconstruction 
can be useful in selected cases.

1.7.1  
Advances in Doppler Imaging

The intro duction of broadband Doppler technology 
has led to some advantages in imaging small penile 
vessels such as collaterals of the cavernosal arteries. 
Unlike conventional Doppler systems broadband 
Doppler technol ogy makes use of short pulses to 
obtain wideband transmission. This creates a sig-
nifi cant improve ment in the frame rate and axial 
resolution. Using broadband Doppler technology a 
more defi ned display of all penile vessels is obtained, 
as a consequence of increased spatial resolution of 
color signal, with limited color “over-writing” on 
gray-scale structures. Also Doppler sensitivity in-
creases, and temporal resolution improves. Appro-
priate waveform shaping and coded transmission 
ensure penetration of a wider band of frequencies 
and limits signal attenuation with depth.

1.7.2  
Spatial Compounding

Careful evaluation of the normal tunica albuginea 
and of its changes is essential in virtually all penile 
pathologies. Major problems exist, however, to ac-
complish this task because of a series of artifacts 
produced by the ultrasound beam, such as specular 
refl ection artifacts, speckle and shadowing. 

Specular refl ections produce discontinuities of 
curved interfaces, such as the tunica albuginea, 
which appear echogenic only when insonated at per-
pendicular angles. Speckle results from interference 
of the coherent waves produced by the elements of 
the transducer. It appears as subtle brightness fl uc-
tuations and small discontinuities of refl ecting in-
terfaces such as the tunica albuginea and large calci-
fi cations. Shadowing from attenuation of the penile 
septum reduces visibility of the dorsal aspect of the 
tunica albuginea, where Peyronie’s plaques are more 
often recognized. 

Spatial compound imaging is highly effective to 
overcome these limitations. This relatively new tech-
nique allows combining echoes obtained from ul-
trasound beams oriented along different directions. 
Electronic steering is used to image the same tissue 
multiple times from different directions; then the 
echoes from these multiple acquisitions are averaged 
together into a single composite image (Entrekin et 
al. 2001; Hangiandreou 2003). Spatial compound-
ing is possible in real-time, although the frame rate is 
slightly lower than that of conventional imaging. 

When imaging the penis spatial compounding 
improves image quality in different ways. Since a 
synthetic image is obtained from frames collected at 
different angles, larger portions of curved interfaces 
are insonated perpendicularly, and specular refl ec-
tion artifacts are reduced. This is particularly evi-
dent when imaging the tunica albuginea. Moreover, 
several images (up to nine) are averaged to obtain 
the compound image resulting in improved signal-
to-noise ratio compared with the single frames. 

Since speckle artifacts depend on the direction 
of the ultrasound beam, frames obtained from dif-
ferent view angles have different speckle patterns, 
which average out when combined in the compound 
image. 

Finally, acoustic shadowing is less evident in the 
compound image, concentrated behind the attenu-
ating structures. As a consequence, in penile imag-
ing visualization of the dorsal aspect of the tunica 
albuginea is improved (Fig. 1.5).



6 L. E. Derchi

1.7.3  
Frequency Compounding

Since speckle depends also on the frequency of the 
ultrasound beam, imaging modalities have been 
developed that use simultaneous emission of two 
different bands of fre quencies instead of one to 
decorrelate speckle and improve the signal-to-noise 
ratio (Oktar et al. 2003). Some equipment allows 
for simultaneous use of both spatial and frequency 
compounding. 

1.8  
Image Equalization Algorithms

There is a variety of post-equalization algorithm pro-
cessing modalities that have been developed to make 
ultrasound images more uniform. Digital imaging 
optimization (Toshiba), for instance, automatic tissue 
optimization (GE), iSCAN (Philips), and TEQ (Sie-
mens) provide automatic equalization of images in 
real time. Other algorithms such as iFOCUS (Philips) 
are available to automatically control focusing.

Fig. 1.5a–c. Advantages of spatial compounding and adap-
tive fi ltering on image quality. Axial scan of the same penis 
obtained with the same transducer (L17-5, iU22, Philips). a 
Conventional grey-scale image showing an intracavernosal 
pillar (curved arrow). b Spatial compounding. Visualization 
of the pillar and of the sinusoidal spaces improves signifi -
cantly as a consequence of increased signal-to-noise ratio 
and reduced speckle artifacts. c Spatial compounding as-
sociated with XRES. Visualization of the pillars and of the 
sinusoidal spaces improves further

a

c

b
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1.9  
Adaptive Filtering

Real-time image-processing algorithms can be in-
troduced to refine the ultrasound images by em-
phasizing patterns within the tissue texture and 
de-emphasiz ing artifacts and noise. XRES pro-
cessing (Philips) is one of the latest commercially 
available algorithms involving adaptive image 
analysis and enhancement techniques. XRES is 
designed both to suppress artifacts and to en-
hance interfaces and margins. Image process-
ing is adapted automatically to the nature of the 
target. During an analysis phase both real tissue 
structures and ultrasound artifacts are identi-
fied, while in the following enhancement phase 
the structures are enhanced and the artifacts sup-
pressed. Filters applied during the enhancement 
phase depend on the characteristics of the images 
and on their changes over time from image to 
image. Smoothing, for instance, is applied along 
an interface to improve continuity, whereas edge 
enhancement is applied in the perpendicular di-
rection to improve spatial resolution. Smoothing 
is applied equally in all directions to suppress 
speckle and noise in regions containing minimal 
structure or texture. 

Preliminary clinical studies have shown that 
XRES is effective to improve delineation of borders 
and tissue contrast on images and to reduce the 
amount of noise without degradation of diagnos-
tic informative contents of images (Meuwly et al. 

2003). As regards penile imaging, depiction of the 
tunica albuginea and of subtle anatomical features 
such as boundaries of the sinusoidal spaces and in-
tracavernous pillars is improved (Fig. 1.5).

1.10  
Extended Field of View

Ultrasound images have a fi eld of view that is lim-
ited by the probe width. During the study, the ex-
aminer moves the probe over the area of interest to 
acquire information on large volumes of tissue and 
reconstructs in his/her mind the spatial relation-
ships within the scanned area by memorizing many 
frames (Weng et al. 1997). This is a distinct disad-
vantage of ultrasound compared to other imaging 
methods and is a major drawback in conveying the 
information of the study to clinicians. The extended 
fi eld-of-view technique has been developed to over-
come these limitations. It allows the reconstruction 
of wide images by progressive addition of data dur-
ing a hand sweep in real time with a conventional 
probe (Fig. 1.6). 

As regards penile imaging, extended-fi eld acqui-
sition can be useful especially to depict anatomical 
variations, in trauma patients to depict large hema-
tomas and in patients with severe Peyronie’s disease 
to improve evaluation of plaque extension and pro-
vide the urologist with a panoramic view of the al-
bugineal involvement.

Fig. 1.6. Extended fi eld of view. 
Panoramic image obtained with 
a conventional transducer (L17-5, 
iU22, Philips) showing a large por-
tion of the penile shaft



8 L. E. Derchi

1.11  
Three-Dimensional (3D) Rendering

Software programs for 3D rendering are now available 
in many scanners, involving capture of a series of se-
quential power Doppler images while the transducer is 
translated manu ally without the necessity for specifi c 
hardware (Brandl et al. 1999). Only spatial render-
ing of the penile vasculature is obtained with this 
method; true 3D reconstructions cannot be achieved 
because effective movements of the transducer are 
not recorded. Since no external spatial references are 
present and the reconstruction software assumes that 
the probe has moved with continuous and uniform 
translation, scanning must be carried out with ex-
treme accuracy. Variations in translation speed and 
rotations result in deformed vascular map. Dynamic 
motion fi lters, higher wall fi lters and lower power gain 
should be used to reduce tissue artifacts and improve 
3D rendering ( Bertolotto and Neumaier 1999).

Although some inaccuracies occur if the motion 
is not uniform, the complex vascular anatomy of 
the penis can be better understood using 3D recon-
structions (Fig. 1.7). In particular, 3D rendering al-
lows better depiction of helicine arteries and their 
branches both in normal and in pathological condi-
tions (Montorsi et al. 1998; Sarteschi et al. 1998). 

1.12 
Three-Dimensional (3D) Imaging

The improvement in fast digital computer pro-
cessing and memory storage capacity has re-
cently improved the possibility of applying 
3D technol ogy to ultrasound (Claudon et al. 
2002). Three-dimensional acquisition can be 
achieved using either 2D conventional transduc-
ers equipped with a small electromagnetic posi-
tional sensor or dedi cated transducers. Following 
volume scan acquisition, the monitor displays 
reconstructed slices according to longitudinal, 
transverse and coronal planes (Fig. 1.8). Each 
plane can be oriented within the volume block 
for detailed analysis by paral lel or rotational 
shifting around any of the three spatial axes. 
Data can also be displayed as true 3D images 
using various ren dering algorithms, including 
maximum intensity projection (MIP), transpar-
ent, surface and Doppler ren dering (Brandl et 
al. 1999). Recently, volume transducers in the 
frequency range suitable for evaluation of the 
penis have been introduced, opening new in-
teresting perspectives for evaluation of patients 
with penile malformation, traumas and severe 
Peyronie’s disease.

Fig. 1.7a,b. Three-dimensional (3D) rendering. a Sagittal color Doppler image showing the helicine arterioles branching from 
the cavernosal artery. b 3D rendering of the penile vasculature obtained from a sequential series of sagittal power Doppler 
images while the transducer is translated manually along the shaft. An excellent depiction of the cavernosal artery and of 
the helicine arterioles is obtained up to the more distal branches

a b
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1.13  
Contrast-Specifi c Modes

As illustrated in Chapter 21, high-performance 
contrast-specifi c modes are now available to image 
superfi cial structures as well. While relatively low 
insonation frequencies of approximately 4–5 MHz 
have been initially used in small-part probes to 
collect signal from a larger percent of resonating 
bubbles, transducers operating with frequencies of 
7 MHz or higher are now available for clinical use 
(Cosgrove 2004).
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one study demonstrating a good correspondence 
between erect length and stretched penile length, as 
measured from the pubopenile junction to the me-
atus (Wessells et al. 1996). This length was found 
to be an average of 12.4 cm. Penile skin is continuous 
with that of the lower abdominal wall and continues 
over the glans penis; there it folds back on itself and 
attaches at the coronal sulcus. The folded portion is 
known as the prepuce.

There are two fascial layers. The more superfi cial 
is the dartos fascia, continuous with Scarpa’s fascia 
of the abdomen. It continues caudally as the dartos 
fascial layer of the scrotum and Colles’ fascia in the 
perineum. The deeper fascial layer is Buck’s fascia, 
which covers the corpora cavernosa and the corpus 
spongiosum in separate compartments, including 
coverage of the deep dorsal vein as well as the dorsal 
neurovascular bundles. Buck’s fascia attaches to the 
perineal membrane proximally and to the coronal 
sulcus distally, where it fuses with the tips of the 
corpora. The fundiform and suspensory ligaments 
attach to the pubic symphysis and Buck’s fascia, 
and allow the erect penis to achieve a horizontal or 
greater angle.

2.2  
Tunica Albuginea

The corpora are surrounded by tunica albuginea, 
a strong structure of heterogenous thickness and 
anatomy, the purpose of which is to both provide 
rigidity of the erectile bodies as well as to function 
in the venoocclusive mechanism.

The tunica albuginea consists of two layers, the 
outer of which is oriented longitudinally and the in-
ner layer consisting of circular fi bers. The inner layer 
contains struts that course the cavernosal space and 

2.1 
Skin and Fascia

The penis is essentially a tripartite structure, with 
bilateral corpora cavernosa and the midline ventral 
corpus spongiosum/glans, all three of which are sur-
rounded by loose subcutaneous tissue and skin that 
can be moved freely over the erect organ (Fig. 2.1). 

The corpora cavernosa function as the main 
erectile bodies, while the corpus spongiosum con-
tains the urethra. The length of the penis is highly 
variable, especially in the fl accid state, since it is 
dependent on the degree of contraction of the cav-
ernosal smooth muscle tissue. There is considerably 
less variation in length of the fully erect penis, with 
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serve to augment the support provided by the intra-
cavernosal septum. The corpus spongiosum lacks 
both the outer layer as well as the struts. 

There is variability in albugineal thickness and 
strength in various locations. Thickness ranges from 
approximately 0.8 mm at the 5:00 and 7:00 position 
(just lateral to the corpus spongiosum) to 2.2 mm at 
the 1:00 and 11:00 positions (Hsu et al. 1994). 

2.3  
Corpora Cavernosa

The paired corpora cavernosa originate separately 
underneath the ischiopubic rami, then merge as 
they pass under the pubic arch. The septum between 
them is incomplete in humans, although complete in 
some other species. They are supported by several fi -
brous structures, including the surrounding tunica 
albuginea, the intracavernous struts radiating from 
the inner layer of tunica albuginea, and perineural/
periarterial fi brous sheaths. 

The spongy inner portion of the corpora consists 
mainly of interconnected sinusoids separated by 
smooth muscle trabeculae, which are surrounded 
by collagen and elastic fi bers. These sinusoids are 
larger centrally and smaller towards the periphery. 
The corpus spongiosum and its distal termination 
in the glans penis are similar in internal structure 
to the corpora cavernosa except that the sinusoids 
are larger, and there is a lack of outer layer of tunica 
albuginea that is absent in the glans.

2.4  
Associated Musculature

The bulbospongiosal muscle originates at the cen-
tral perineal tendon, covers the urethral bulb and 
corpus spongiosum, and inserts into the midline. 
The paired ischiocavernosus muscles originate from 
the ischial tuberosisty, cover the proximal corpora, 
and insert into the inferiomedial surface of the cor-
pora.

2.5  
Vascular Anatomy

The main source of blood supply to the penis 
(Fig. 2.2a) is usually through the internal pudendal 
artery, a branch of the internal iliac artery. In many 
instances, however, accessory arteries arise from the 
external iliac, obturator, vesical, and/or femoral ar-
teries, and may occasionally become the dominant 
or only arterial supply to the corpus cavernosum 
(Breza et al. 1989). Damage to these accessory ar-
teries during radical prostatectomy or cystectomy 
may result in vasculogenic erectile dysfunction (ED) 
after surgery (Aboseif et al. 1994; Kim et al. 1994). 

The internal pudendal artery becomes the com-
mon penile artery after giving off a branch to the 
perineum. The three branches of the penile artery are 
the dorsal, bulbourethral, and cavernous arteries. 
The cavernous artery is responsible for tumescence 

Fig. 2.1. Cross-sectional anatomy of the penis. Used with permission from the American 
Urological Association from AUA Update Series, vol 13, lesson 2, 1994
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of the corpus cavernosum and the dorsal artery for 
engorgement of the glans penis during erection. The 
bulbourethral artery supplies the bulb and corpus 
spongiosum. The cavernous artery enters the cor-
pus cavernosum at the hilum of the penis, where the 
two crura merge. Distally, the three branches join to 
form a vascular ring near the glans. Along its course, 
the cavernous artery gives off many helicine arter-
ies, which supply the trabecular erectile tissue and 
the sinusoids. These helicine arteries are contracted 
and tortuous in the fl accid state and become dilated 
and straight during erection.

The venous drainage from the three corpora 
(Fig. 2.2b,c) originates in tiny venules leading from 
the peripheral sinusoids immediately beneath the 
tunica albuginea. These venules travel in the tra-
beculae between the tunica and the peripheral sinu-
soids to form the subtunical venular plexus before 
exiting as the emissary veins. 

Outside the tunica albuginea the skin and sub-
cutaneous tissue drain through multiple superfi cial 

veins that run subcutaneously and unite near the 
root of the penis to form a single (or paired) superfi -
cial dorsal vein, which in turn drains into the saphe-
nous veins. Occasionally, the superfi cial dorsal vein 
may also drain a portion of the corpora cavernosa. 

In the pendulous penis, emissary veins from the 
corpus cavernosum and spongiosum drain dorsally 
to the deep dorsal, laterally to the circumfl ex, and 
ventrally to the periurethral veins. Beginning at the 
coronal sulcus, the prominent deep dorsal vein is 
the main venous drainage of the glans penis, corpus 
spongiosum, and distal two thirds of the corpora 
cavernosa. Usually, a single vein, but sometimes 
more than one deep dorsal vein, runs upward be-
hind the symphysis pubis to join the periprostatic 
venous plexus. 

Emissary veins from the infrapubic penis drain 
the proximal corpora cavernosa and join to form 
cavernous and crural veins. These veins join the 
periurethral veins from the urethral bulb to form 
the internal pudendal veins.

Fig. 2.2a–c. Arterial (a) and venous (b,c) anatomy of the pe-
nis. Used with permission of Male sexual function, 2nd edn, 
ed. Mulcahy (Humana, New Jersey, 2006)

a

b

c
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2.6 
Lymphatics

Lymphatics of the prepuce and penile shaft converge 
dorsally, and then drain into both right- and left-
sided superfi cial inguinal lymph nodes via chan-
nels alongside superfi cial external pudendal vessels. 
Lymphatics of the glans and penile urethra pass deep 
to Buck’s fascia and drain into both superfi cial and 
deep inguinal nodes.

2.7  
Innervation

The penis is supplied by both somatic and autonomic 
nerves. The somatic dorsal nerves provide sensory 
innervation (as well as provide some degree of auto-
nomic function) for the penile skin and glans, and 
approximately follow the course of the dorsal penile 
arteries, eventually becoming the pudendal nerve 
(after joining with other nerves) and entering the 

spinal cord via S2–4 nerve roots. Sympathetic auto-
nomic fi bers derive from the hypogastric plexus and 
join parasympathetic autonomic fi bers from S2–4 in 
the pelvic plexus. Cavernous nerves represent the 
penile branches of the pelvic plexus that ramify once 
piercing the corporal bodies, and thus contain both 
sympathetic and parasympathetic fi bers.
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sion of the sinusoidal system against the tunica al-
buginea. The subtunical venular plexuses are thus 
compressed between the trabeculae and the tunica 
albuginea, resulting in almost complete occlusion 
of venous outfl ow (Fournier et al. 1987; Banya et 
al. 1989). Blood is trapped within the corpora caver-
nosa, which raises the fl accid penis to an erect state. 
Intracavernous pressures are increased to approxi-
mately 100 mmHg (the full erection phase). 

During sexual activity, the bulbocavernosus re-
fl ex is triggered, thus causing the ischiocaverno-
sus muscles to forcefully compress the base of the 
blood-fi lled corpora cavernosa and the penis. The 
penis becomes very rigid, with an intracavernous 
pressure reaching several hundred mmHg (the rigid 
erection phase). During this phase, infl ow and out-
fl ow temporarily cease. Detumescence can be the 
result of three separate activities: sympathetic dis-
charge during ejaculation, breakdown of second 
messengers by phosphodiesterases, or cessation of 
erectile neurotransmitter release. The venous chan-
nels open with contraction of the trabecular smooth 
muscle, therefore expelling the trapped blood and 
restoring fl accidity.

3.1.2 
Nervous Events

The penis is innervated by autonomic and somatic 
nerves. The somatic component is controlled by the 
pudendal nerve, which is responsible for penile sen-
sation and the contraction and relaxation of the bul-
bocavernosus and ischiocavernosus striated mus-
cles. Blood fl ow during erection and detumescence 
is regulated via the cavernous nerves, consisting 
of sympathetic and parasympathetic nerve fi bers, 
which merge to form these nerves in the pelvis.

The principal neurotransmitter for penile erec-
tion is nitric oxide, which is released from nonad-

3.1  
Physiology of Erection

Penile erection is primarily a neurovascular event 
modulated by psychological and hormonal status. 
Sexual stimulation causes a release of neurotrans-
mitters from the cavernous nerve terminals and re-
laxing factors from the endothelial cells in the penis, 
resulting in relaxation of smooth muscle in the ar-
teries and arterioles supplying the erectile tissue. 

3.1.1 
Vascular Events

As discussed in Chapter 2, a several-fold increase 
in blood fl ow occurs with a concomitant increase in 
compliance of the sinusoids from relaxed cavernous 
smooth muscle, facilitating rapid fi lling and expan-
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renergic-noncholinergic neurotransmission of the 
cavernous nerves and the endothelium (Lue 2000). 
Nitric oxide activates soluble guanylyl cyclase rais-
ing intracellular concentrations of cyclic guanosine 
monophosphate (cGMP). cGMP in turn activates a 
cGMP-specifi c protein kinase, which phosphory-
lates certain proteins and ion channels, resulting in 
opening of the potassium channels and hyperpolar-
ization, sequestration of intracellular calcium by the 
endoplasmic reticulum, and inhibition of calcium 
channels, blocking calcium infl ux. The consequence 
is a drop in cytosolic calcium and smooth muscle 
relaxation/erection. During the return to the fl accid 
state, cGMP is hydrolyzed to guanosine monophos-
phate by phosphodiesterase type 5. Other phospho-
diesterases are also found in the corpus cavernosum, 
but they do not appear to play an important role in 
detumescence.

3.2 
Classifi cation and Epidemiology

Erectile dysfunction may be classifi ed as psycho-
genic, organic (neurogenic, hormonal, arterial, 
cavernosal and drug-induced), and mixed. Mixed 
erectile dysfunction is most commonly encountered 
having both a psychogenic and organic component 
(Table 3.1). Several pathophysiologic states, such 
as diabetes mellitus, may have detrimental effects 
upon erectile capacity via multiple pathways.

Many epidemiologic studies have described the 
relationship between erectile dysfunction and in-
creasing age, with a reported prevalence of 40% at 
age 40, compared to 70% by 70 years of age; for severe 
erectile dysfunction, rates triple from 5% to 15% for 
men aged 40 compared to 70 (Feldman et al. 1994). 

Table 3.1. Classifi cation and common causes of erectile dysfunction

Category of
erectile dysfunction

Common disorders Pathophysiology

Neurogenic Stroke or Alzheimer’s disease, 
spinal cord injury, 
radical pelvic surgeries, 
diabetic neuropathy, 
pelvic injury 

Interrupted neuronal transmission, 
failure to initiate nerve impulse 

Psychogenic Depression, 
psychological stress, 
performance anxiety, 
relationship problems 

Impaired nitric oxide (NO) release, 
over-inhibition of NO release, 
loss of libido 

Hormonal Hypogonadism, 
hyperprolactinemia 

Loss of libido, 
inadequate NO release 

Vasculogenic
(arterial and venogenic) 

Hypertension, 
atherosclerosis, 
diabetes mellitus, 
trauma, 
Peyronie’s disease 

Impaired veno-occlusion, 
inadequate arterial infl ow

Drug-induced Antihypertensives, 
antiandrogens, 
antidepressants, 
alcohol abuse, 
cigarette smoking 

Central suppression, 
decreased libido, 
alcoholic neuropathy, 
vascular insuffi ciency 

Systemic diseases Normal aging, 
diabetes mellitus, 
chronic renal failure, 
coronary heart disease 

Multifactorial 
neuronal and vascular dysfunction 
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Although more than 70% of men over 65 years are 
sexually active, 40% are dissatisfi ed with their sex 
life (Braun et al. 2000; Rosen et al. 2003). In one 
large multinational survey, less than 25% of men 
and women felt that “older people no longer want 
sex,” and over 60% of men and women supported 
the idea of the elderly using medical treatments to 
aid in sexual enjoyment (Nicolosi et al. 2004).

Longitudinal studies within a large cohort demon-
strate a non-linear decline for most aspects of sexual 
function as age increases, with a more pronounced 
decline in older groups (Araujo et al. 2004). As the 
latent period between sexual stimulation and erec-
tion increases, erections are less turgid, ejaculation 
is less forceful, ejaculatory volume decreases, and 
the refractory period between erections lengthens. 
There is also a decrease in penile sensitivity to tac-
tile stimulation, a decrease in serum testosterone 
concentration, and an increase in cavernous mus-
cle tone (Kaiser et al. 1988; Rowland et al. 1989; 
Christ et al. 1990). While relational, psychological, 
and organic issues are important contributors to 
erectile dysfunction across age groups, organic is-
sues tend to play a more pronounced role as men age 
(Corona et al. 2004). 

3.3 
Pathophysiology

Although psychogenic erectile dysfunction was his-
torically considered to be the most common cause, 
mixed disorders are most common. Psychogenic 
erectile dysfunction can be caused by performance 
anxiety, strained interpersonal relationships, lack of 
sexual arousability, and overt psychiatric disorders 
such as depression and schizophrenia. Several stud-
ies have confi rmed the strong relationship between 
depression and sexual dysfunction (Araujo et al. 
1998; Shabsigh et al. 1998). 

Erectile dysfunction is noted in patients with 
neurological disorders such as Parkinson’s and 
Alzheimer’s diseases, stroke, and cerebral trauma, 
often secondary to a decrease in libido or inability 
to initiate the erectile process. Spinal cord injury pa-
tients have varying degrees of erectile dysfunction 
largely dependent on the location and extent of the 
lesion. Sensory input from the genitalia is essential 
to achieve and maintain refl exogenic erection, and 
this input becomes more important as the effect of 

psychological stimuli abates with age. Other com-
mon causes of neurogenic erectile dysfunction are 
surgeries that affect the cavernous nerves, such as 
radical prostatectomy.

Androgen defi ciency results in a decrease in both 
nocturnal erections and libido. Although testoster-
one levels do not correspond to severity of erectile 
dysfunction, in those patients with reduced libido 
there are lower levels of testosterone as compared to 
other patients (Corona et al. 2004). However, erec-
tion in response to visual sexual stimulation is pre-
served in men with hypogonadism, suggesting that 
androgen is not absolutely essential for erections, 
due to multiple pathways (Bancroft and Wu 1983; 
Angulo et al. 2005). Due to the inhibitory action of 
prolactin on central dopaminergic activity and the 
resultant decrease in gonadotropin-releasing hor-
mone secretion, hyperprolactinemia of any cause 
results in both reproductive and sexual dysfunction 
(via secondary hypogonadotropic hypogonadism). 

Vascular pathology may involve lesions of the 
infl ow or outfl ow mechanisms of penile erection. 
Erectile dysfunction may be a manifestation of gen-
eralized atherosclerosis and may even be its initial 
presentation. Common risk factors associated with 
generalized penile arterial insuffi ciency include hy-
pertension, hyperlipidemia, cigarette smoking, dia-
betes mellitus, and pelvic irradiation (Rosen et al. 
1991). Less commonly, local stenosis of the common 
penile artery may occur in men who have sustained 
blunt pelvic or perineal trauma (Levine et al. 1990). 

Dysfunction of the venoocclusive mechanism 
that normally allows maintenance of erection can 
cause erectile dysfunction (Rajfer et al. 1988) 
and may be the result of degenerative changes af-
fecting the penis such as general aging, Peyronie’s 
disease, and diabetes mellitus. Peyronie’s disease 
is more common in middle age, but may be present 
in the aging male although it tends to be underdi-
agnosed, especially if there has been a long period 
without rigid erection. Although generally caused 
by global penile tissue degeneration, venoocclusive 
dysfunction may also be the result of congenital or 
trauma-induced formation of large venous channels 
draining the corpora cavernosa. Venous leak can 
be seen in anxious men with excessive adrenergic 
tone causing structural alterations of the cavernous 
smooth muscle and endothelium and insuffi cient 
trabecular smooth muscle relaxation (Christ et al. 
1990). Finally, venous leak can be seen in patients 
with acquired shunts that result from the operative 
correction of priapism. 
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A variety of commonly used medications have 
been reported to cause erectile dysfunction. Cen-
tral neurotransmitter pathways, including seroto-
nergic, noradrenergic, and dopaminergic pathways 
involved in sexual function, may be disturbed by an-
tipsychotics, antidepressants, and antihypertensive 
drugs. Although any antihypertensive agent could 
theoretically cause erectile dysfunction by decreas-
ing the availability of blood to the corporal arteries 
(i.e., a pressure-head phenomenon), differences are 
noted between various classes of medications, with 
less erectile dysfunction associated with angioten-
sin-converting enzyme inhibitors and selective 
beta-adrenergic blocking drugs (Grimm et al. 1997; 
Papatsoris and Korantzopoulos 2006; Shiri et 
al. 2006). Non-selective beta-adrenergic blocking 
drugs may cause erectile dysfunction by potentiat-
ing alpha-1 adrenergic activity in the penis as well 
as by a possible central mechanism (Horowitz 
and Goble 1979). Thiazide diuretics have been re-
ported to cause erectile dysfunction by an unknown 
mechanism (Chang et al. 1991). Spironolactone, 
acting as an anti-androgen, can cause a decrease in 
libido and gynecomastia as well as causing erectile 
dysfunction. Cimetidine, a histamine-H2 receptor 
antagonist, has been reported to decrease libido and 
cause erectile failure; it acts as an anti-androgen and 
can cause hyperprolactinemia (Wolfe 1979). Other 
drugs known to cause erectile dysfunction are estro-
gens and drugs with anti-androgenic action such as 
ketoconazole and cyproterone acetate.

In many disease states, the associated erectile 
dysfunction may be due to multiple causes. About 
50 percent of men with chronic diabetes mellitus 
are reported to have erectile dysfunction. In addi-
tion to the disease’s effect on small vessels, it may 
also affect the cavernous nerve terminals and endo-
thelial cells, resulting in a defi ciency of erectogenic 
neurotransmitter release. Additionally, in diabetics, 
corporal smooth muscle relaxation in response to 
neuronal- and endothelial-derived nitric oxide (NO) 
is impaired and may be secondary to the accumula-
tion of glycosylation products (Saenz De Tejada et 
al. 1989;  Seftel et al. 1997; Cartledge et al. 2001; 
Angulo et al. 2003). The pathophysiology of erec-
tile dysfunction in DM is multifactorial, consisting 
of vascular, neurological, endothelial, and hormonal 
insults. The penile microvasculature is very sensi-
tive to insults that affect other sites in the vascular 
system. DM is associated with atherosclerosis of both 
large and small penile vessels. Several studies point 
to corporal and pudendal arterial insuffi ciency as a 

common fi nding on both Doppler ultrasound and 
angiographic studies (Herman et al. 1978; Wang 
et al. 1993). DM affects a variety of nerve fi bers, and 
histologic studies in animals and humans have dem-
onstrated quantitative and qualitative changes in 
penile nerves (Faerman et al. 1974; Italiano et al. 
1993; Morano 2003). On a cellular level, neurotrans-
mitter abnormalities have been found in both human 
diabetics as well as in experimental animal models 
(Ehmke et al. 1995; Vernet et al. 1995). In diabet-
ics, corporal smooth muscle relaxation in response 
to neuronal- and endothelial-derived nitric oxide 
(NO) is impaired and may be due to the accumula-
tion of glycosylation products (Saenz De Tejada et 
al. 1989; Seftel et al. 1997; Cartledge et al. 2001; 
Angulo et al. 2003). Although the data are somewhat 
confl icting, there may also be decreased production 
of NO (Ehmke et al. 1995). Additionally, animal and 
human studies have demonstrated hypogonadism in 
diabetics, which may contribute to both erectile dys-
function and decreased libido; however, this tends to 
be mild and likely does not play as great a role as the 
neuronal and vascular injuries (Murray et al. 1987; 
Murray et al. 1992). Reduced libido may also be a 
signifi cant etiology for ED in DM, although this has 
not been studied in conjunction with testosterone 
levels (Nakanishi et al. 2004).

Chronic renal failure is also frequently associated 
with diminished erectile function, impaired libido, 
and infertility. The mechanism is probably multi-
factorial: low serum testosterone concentrations, 
diabetes mellitus, vascular insuffi ciency, multiple 
medications, autonomic and somatic neuropathy, 
and psychological stress. Men with angina, myo-
cardial infarction, or heart failure may have erectile 
dysfunction from anxiety, depression, or concomi-
tant penile arterial insuffi ciency. 

Social drugs including cigarettes and alcohol 
also affect erectile function. Cigarette smoking may 
acutely induce vasoconstriction and penile venous 
leakage because of its contractile effect on the cav-
ernous smooth muscle (Juenemann et al. 1987); 
more importantly, chronic use may accelerate ath-
erosclerotic changes in the penile microvasculature. 
Alcohol in small amounts may improve erections 
and increases libido because of its vasodilatory ef-
fect and the suppression of anxiety; however, large 
amounts can cause central sedation, decreased li-
bido, and transient erectile dysfunction. Chronic 
alcoholism may cause hypogonadism and polyneu-
ropathy, which may affect penile nerve function 
(Miller and Gold 1988). 
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As physicians, we may cause erectile dysfunc-
tion through the medications we prescribe and the 
surgeries we perform. Pelvic surgeries, particularly 
radical prostatectomies, frequently cause erectile 
dysfunction; analogous to diabetes mellitus, as de-
scribed above, the erectile dysfunction may be the 
result of multiple pathophysiologies despite one un-
derlying insult. Despite surgical advances in preser-
vation of the cavernous nerves (Walsh and Donker 
1982), only 20% of patients return to pre-procedural 
erectile function a year after prostatectomy (Hu et 
al. 2004). Even in nerve-sparing procedures, postop-
erative neuropraxia results in a cascade of events in-
cluding loss of nocturnal erections, smooth muscle 
apoptosis, increased fi brosis, and eventual anatomic 
changes leading to venous leakage (Mulhall et al. 
2002; Leungwattanakij et al. 2003; Iacono et al. 
2005). 

Erectile dysfunction may be the fi rst manifesta-
tion of many diseases including diabetes mellitus, 
coronary artery disease, hyperlipidemia, hyperten-
sion, spinal-cord compression, pituitary tumors, 
and pelvic malignancies. For example, a recent prev-
alence study found that men with erectile dysfunc-
tion were twice as likely to have DM and concluded 
that erectile dysfunction may be used as an early 
marker for DM. This relationship was particularly 
strong in the younger age groups, in which the odds 
ratio of having DM was 3 (Sun et al. 2006). Two ear-
lier studies found that 11% (Maatman et al. 1987) 
and 12% (Deutsch and Sherman 1980) of impotent 
men were found to have previously undiagnosed 
DM. 
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4.2  
Clinical Features

Erectile dysfunction is a multi-factorial disorder and 
a common presentation for several systemic illnesses, 
particularly vascular occlusive diseases such as dia-
betes, arterial hypertension, and atherosclerosis. Few 
patients consult their doctor, and only a small propor-
tion of them receive treatment. Only few doctors take 
the initiative to discuss the question of their patients’ 
sex life (Costa et al. 2005). In fact, the clinician must 
be familiar with the pathophysiologic mechanisms of 
erectile dysfunction, its associations with other sys-
temic diseases, the indications for specialist referral, 
and the role of specialized testing to diagnose and treat 
this disorder effectively (Lobo and Nehra 2005). 

The andrologist’s cultural baggage must include 
the ability to identify the pathology that can deter-
mine erectile dysfunction and the capacity to pro-
gram a specifi c diagnostic workup (Foresta et al. 
2005). Demonstration of erectile disorders repre-
sents an excellent opportunity to conduct a general 
workup. In fact, management of erectile dysfunction 
is an integral part of preventive medicine since more 
than one-third of patients ignores their underlying 
health problem (Costa et al. 2005). 

4.3  
Diagnosis of Erectile Dysfunction

Baseline diagnostic evaluation for erectile dysfunc-
tion can identify the underlying pathological condi-
tions and associated risk factors in 80% of patients. 
Such screening may diagnose reversible causes of 
erectile dysfunction and also unmasks medical con-
ditions that manifest with erectile dysfunction as 
the fi rst symptom (Hatzichristou et al. 2002).

4.1  
Defi nition

Erectile dysfunction has been defi ned by the Na-
tional Institute of Health (NIH) as the inability to 
achieve and/or maintain an erection for satisfac-
tory sexual intercourse. Discordant data have been 
reported on erectile dysfunction epidemiology with 
prevalence ranging from 12% to 52%. A recent study 
reported a prevalence of 12.8% in Italy (Foresta 
et al. 2005). French epidemiological studies esti-
mate that the prevalence of erectile dysfunction is 
between 11% and 44%. Prevalence surveys show a 
correlation with age: the relative risk of erectile dys-
function increases by a factor of 2 to 4 between the 
ages of 40 and 70 years (Costa et al. 2005).
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The clinical evaluation of patients with erectile 
dysfunction should be thorough and systematic, with 
attention to the appropriate use of sexual symptom 
questionnaires and symptom scales, detailed medical 
and sexual history, physical examination, and basic 
screening laboratory tests. Still open is the question 
of which specifi c tests such as tumescence and rigid-
ity measurements, intracavernous administration of 
vasoactive drugs and color/duplex Doppler sonogra-
phy are required for adequate clinical assessment.

4.4  
Color Doppler Ultrasonography

In the fi eld of erectile dysfunction, penile vascular 
imaging modalities have diminished in importance 
over the past 10 years with the introduction of new 
effective oral medications and recognition that surgi-
cal treatment of both penile venous leak and arterial 
insuffi ciency has poor long-term clinical outcomes.

Moreover, the introduction of phosphodiester-
ase-5 (PDE5) inhibitors has revolutionized the ther-
apy of erectile dysfunction and radically changed 
the way in which patients are investigated (Speel 
et al. 2001). Documentation of a good quality erec-
tion in response to a PDE5-inhibiting drug confi rms 
grossly adequate arterial infl ow and effective veno-
occlusive mechanisms. However, Doppler interroga-
tion of penile vessels continues to have a role in the 
evaluation of specifi c patients presenting with erec-
tile dysfunction, in particular, in trauma patients 
and in patients with Peyronie’s disease.

4.4.1  
Trauma Patients

Detailed evaluation of the penile vascular sup-
ply is mandatory to plan intervention in patients 
with postraumatic erectile dysfunction who are 
candidates for penile revascularization surgery. 
These patients are frequently young, have often 
suffered traumatic straddle injuries to the pelvis 
and may be unresponsive to oral and intracaver-
nosal therapy (Golijanin et al. 2007a; Golijanin 
et al. 2007b).

4.4.2  
Peyronie’s Disease

As erectile dysfunction occurs in a considerable per-
centage of patients with Peyronie’s disease (Ralph 
et al. 1992; Ahmed et al. 1998; Kadioglu et al. 2000), 
evaluation of the penile vessels with Doppler tech-
niques is useful to distinguish different causes for 
impotence and is critical for detecting subclinical 
abnormalities of penile hemodynamics that may 
have a role in postoperative erectile dysfunction 
(Montorsi et al. 2000). 

In fact, any therapeutic intervention for Peyro-
nie’s disease may have some adverse impact upon 
erectile function; documentation of the baseline 
erectile function is therefore imperative, from 
both the medical and the medico-legal perspec-
tive. Moreover, in patients with normal erection, 
either shortening or lengthening procedures can 
be undertaken, whereas in patients with coexis-
tent erectile dysfunction shortening procedures or 
prosthesis implantation should be considered the 
treatment of choice (Ahmed et al. 1998; Hakim 
2002). 

4.4.3  
Silent Coronary Artery Disease

An increasing role of Doppler techniques is now 
recognized in identifi cation of patients without 
symptomatic peripheral vascular disease and with 
silent coronary artery disease presenting with erec-
tile dysfunction (Barrett-Connor 2004). In fact, 
erectile dysfunction is now being recognized as 
one of the earliest manifestations of endothelial 
dysfunction and peripheral vascular disease. In 
patients with signifi cant risk factors for cardio-
vascular disease, such as hypertension, smoking, 
trauma, hyperlipidemia, diabetes mellitus, obesity 
and inactivity, decrease in sexual ability is regarded 
as one of the fi rst clinical parameters of increased 
risk of signifi cant coronary artery and peripheral 
vascular disease (Goldstein 2000; El-Sakka et 
al. 2004; Shamloul et al. 2004; Golijanin et al. 
2007a; Golijanin et al. 2007b). Doppler interroga-
tion of the penile vasculature can be used in these 
patients to assess the need for further cardiac or 
peripheral vascular assessment.
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5.1 
Background

Because it is a superfi cial structure, the penis is 
ideally suited to ultrasound imaging. In fact, im-
proved spatial resolution and increased color Dop-
pler sensitivity provided by the latest generation of 
ultrasound equipment allow an excellent evaluation 
of normal and pathological penile structures. Ultra-
sound evaluation of the penis, however, requires a 
good knowledge of penile anatomy to identify subtle 
changes that can be appreciated in pathological con-
ditions. 

In this chapter the normal appearance of pe-
nile anatomical structures at ultrasound will be 
described, both while fl accid and during erection. 
Specifi c topics discussed will be ultrasound appear-
ance of the corporal bodies and penile envelopes, 
visibility of normal penile vessels at color Doppler 
ultrasonography and normal changes of Doppler 
spectra during the onset of erection.

5.2 
Evaluation Technique

Penile sonography should be performed using high 
frequency linear probes with the patient in the su-
pine position and the penis scanned from its ventral 
surface using longitudinal and transverse views. No 
standoff pad is required when the latest sonographic 
equipment is used. Evaluation should be carried out 
while the penis is fl accid and after intracaverno-
sal injection of vasoactive drugs (Doubilet et al. 
1991). Prostaglandin E1 injection at the dosage of 
10 µg is usually adequate to obtain a suitable erec-
tile response in potent patients (Bertolotto and 
Neumaier 1999). Some authors, however, routinely 
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use 20 µg. A lower initial dosage of 5 µg is recom-
mended in young patients in order to limit the risk of 
prolonged and painful erection (Lin and Bradley 
1985). Injection of other intracorporeal vasoactive 
agents such as papaverin is nowadays considered 
only in selected cases due to the high risk of iatro-
genic prolonged erection. 

Color Doppler interrogation and spectral anal-
ysis is performed with slow fl ow settings that are 
tuned during the examination on minimal PRF 
values that do not determine aliasing. Color gain is 
tuned just under the noise threshold of the system. 
Spectral interrogation of the cavernosal arteries is 
obtained at the base of the penis under the guid-
ance of color Doppler signal, and the angle correc-
tion cursor is adjusted to match the correct axis of 
fl ow. Steering is used to obtain a good angular cor-
rection.

5.3  
Grey-Scale Ultrasound Anatomy

The different anatomical features of the penis are 
better evaluated during tumescence and erection 
(Lue et al. 1985). In the fl accid state, the corporal 
bodies present at ultrasonography as cylindrical 
structures with intermediate echogenicity and ho-
mogeneous echotexture.

The corpus spongiosum and the glans are more 
echogenic than the corpora cavernosa. When col-
lapsed, the urethra appears as a transverse line. The 
echogenicity of the corpora cavernosa progressively 
decreases during tumescence starting from the re-
gion surrounding the cavernosal arteries because of 
sinusoids dilatation. During maximal penile rigid-
ity, a fi ne echogenic network is appreciable in the 
corpora cavernosa due to sinusoidal interfaces. Si-
nusoidal spaces at the base of the penis are normally 
larger that in the remaining portions of the shaft. 
Blood entrapped within the sinusoids often appears 
slightly corpusculated (Fig. 5.1).

The Colles’ fascia is barely visible in normal pa-
tients. The tunica albuginea and the Buck’s fascia 
are stuck together and appear as a thin echogenic 
line surrounding the corpora, which became thin-
ner during erection. Two distinct layers become ap-

preciable only when fl uid extravasation accumulates 
between them or very high frequency transducers 
are used. Vascular structures, however, may provide 
a suitable interface to separate small portions of the 
Buck’s fascia from the underlying tunica albuginea 
in normal penises as well. In particular, the Buck’s 
fascia becomes visible at ultrasound near dilated 
circumfl ex veins, and a subtle echogenic line rep-
resenting the Buck’s fascia is usually recognized in 
the dorsal aspect of the penis dividing the plane of 
the deep vessels from that of the superfi cial vessels 
(Lue and Tanagho 1987; Mueller and Lue 1988) 
and near the corpus spongiosum (Fig. 5.2).

The penile septum appears as an echogenic 
structure with back attenuation dividing the cor-
pora cavernosa that can hamper visualization of the 
tunica albuginea in the dorsal aspect of the penis 
(Fig. 5.2).

The intracavernous pillars are recognizable on 
transverse scans as straight echogenic lines thicker 
than the sinusoidal walls, which run from one side 
to the other of the tunica albuginea. The distal pe-
nile ligament, an aggregation of the outer longitudi-
nal layer of the tunica albuginea that acts as a but-
tress for the glans penis (Hsu et al. 2004; Hsu et al. 
2005), is recognized at ultrasound as a linear struc-
ture more echogenic than the surrounding glanular 
tissue located centrally within the glans dorsal to 
the distal urethra (Fig. 5.3).

Several penile vessels can be identifi ed at grey-
scale ultrasound as well. In particular, the caverno-
sal arteries appear as a pair of dots located slightly 
medially in each corpus cavernosum. On longitu-
dinal scans they present as narrow tubular struc-
tures with echogenic wall (Quam et al. 1989). The 
diameter of the normal cavernosal arteries ranges 
from 0.3 to 05 mm in the fl accid state and increases 
to 0.6–1.0 mm after an intracavernosal injection of 
vasoactive agents (Fig. 5.4). 

During the onset of erection, cavernosal artery 
pulsation is evident in normal subjects (Lee et al. 
1993; Kim 2002). The dorsal arteries are visible in 
the dorsal aspect of the shaft as anechoic structures 
with a similar diameter to the cavernosal arteries. 
As occurs for the cavernosal arteries, also the diam-
eter of the dorsal arteries increases during erection, 
but to a lesser extent compared with the cavernosal 
arteries (Lee et al. 1993). Dorsal veins present with 
less echogenic wall compared to the arteries. 
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Fig. 5.1a–c. Normal grey-scale ultrasound anatomy. Axial scans. a In the fl accid state, the penile bodies present with in-
termediate echogenicity and homogeneous echotexture. b During the fi rst minutes after cavernosal injection distension of 
the cavernosal sinusoids begins in the central portion of the corpora cavenosa, which appears less echogenic that the outer 
portion. c When complete erection is achieved a fi ne echogenic network is appreciable within the corpora cavernosa

b

a

c

Fig. 5.2. Normal grey-scale ultrasound anatomy. Axial scan 
on the dorsal aspect of the penis showing the paired corpora 
cavernosa (CC), the corpus spongiosum (CS) and the penile 
septum (open arrows). The tunica albuginea (arrowheads) 
appears as a thin echogenic line surrounding the penile bod-
ies. The Buck’s fascia is visualized near the corpus spongio-
sum (curved arrows) while in the remaining portions is stuck 
on the tunica albuginea. The penile septum appears as an 
echogenic structure with back attenuation
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5.4  
Color Doppler Ultrasound Anatomy

A full evaluation of penile arteries is obtained dur-
ing the onset of erection. In this phase it is possible 
to study the pathway of the cavernosal, dorsal and 
urethral arteries and to identify the presence of ana-
tomical variations and vascular communications. 
Conversely, depiction of penile veins increases during 
detumescence. 

Variations in penile arterial anatomy are ob-
served in up to 83% of patients (Jarow et al. 1993) 
and are commonly recognized at color Doppler ul-
trasonography (Chiou et al. 1999). Power Doppler 
investigation can be useful to improve depiction of 
small vessels with slow fl ow. 

5.4.1  
Cavernosal Arteries

Common anatomical variations of penile arteries 
include asymmetry, bifurcated cavernosal artery, 
multiple cavernosal arteries, presence of recur-
rent branches, unilateral origin of all cavernosal 
branches, accessory cavernosal branches, and ab-
errant origin from the dorsal artery (Fig. 5.5). Oc-
casionally the cavernosal artery consists of multiple 
short, rapidly tapering segments, periodically re-
constituted by perforating vessels from the dorsal 
penile artery (Juskiewenski et al. 1982; Wahl et 
al. 1997). 

Fig. 5.3a,b. Normal grey-scale ultrasound anatomy. Axial a and longitudinal b scans obtained on the ventral aspect of the 
penis. a Intracavernous pillar (arrowhead) appearing as an echogenic line running from the lateral to the medial aspect 
of the tunica albuginea. b The distal penile ligament (open arrow) is recognized as a linear echogenic structure located 
centrally within the glans

a b

Fig. 5.4a,b. Normal grey-scale ultrasound anatomy. Longitudinal scans obtained on the ventral aspect of the penis show-
ing the cavernosal artery (open arrows) while fl accid a and during the onset or erection b. The artery presents as a narrow 
tubular structure with echogenic wall whose diameter increases during erection

a b
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5.4.2  
Dorsal Arteries

Variations of the arterial vascular supply to the 
corpus spongiosum, to the urethra and glans are 
common. Asymmetry of the dorsal arteries is often 
recognized (Fig. 5.6), in which one artery is well de-
veloped, while the other is small, or even atrophic 
(Chiou et al. 1999). 

5.4.3  
Bulbar and Urethral Arteries

At color Doppler ultrasound multiple branches of 
variable location are recognized feeding the bulb 
of the corpus spongiosum (Kishore et al. 2005). 
Visualization of a main trunk entering the bulb is 
inconstant. 

Often no urethral arteries are recognized at color 
Doppler interrogation at the midshaft and in the 
distal portion of the penis, refl ecting anatomical 

results showing that these vessels are inconstant 
( Juskiewenski et al. 1982). When present, two ure-
thral arteries are usually identifi ed running within 
the corpus spongiosum for a variable tract (Fig. 5.7). 
Aberrant origin from the cavernous or from the dor-
sal artery may be recognized. 

5.4.4  
Vascularization of the Penile Tip

The arrangement of the distal portion of the dor-
sal arteries is variable (Juskiewenski et al. 1982). 
Occasionally, small dorsal collaterals feeding the 
corpora cavernosa, particularly near the tip, may 
be identifi ed. When both dorsal arteries are well 
developed, they usually communicate behind the 
glans through a transverse anastomosis from which 
anterior branches arise feeding the glans. When one 
of the dorsal arteries is small or atrophic, the arterial 
vascular supply to the glans arises mostly from the 
dominant vessel (Fig. 5.8).

Fig. 5.5a–c. Anatomical variations of cavernosal arteries at 
color Doppler ultrasound. a–c Longitudinal scans on the 
ventral aspect of the penis showing a bifurcated cavernosal 
artery (arrowheads), b recurrent cavernosal branch (curved 
arrow), and c accessory cavernosal artery (open arrow)

a b

c
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Fig. 5.7. Color Doppler ultrasound appearance of urethral 
arteries. Axial scan on the ventral aspect of the penis show-
ing the paired urethral arteries (arrowheads) running within 
the corpus spongiosum

Fig. 5.6a–c. Anatomical variations of dorsal arteries at col-
or Doppler ultrasound. Longitudinal scans on the ventral
aspect of the penis showing: a symmetric dorsal arteries
(arrowheads); b asymmetric dorsal arteries (arrowheads) 
and c presence of only one dorsal artery (arrowhead)

a

c

b
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5.4.5  
Arterial Communications

A variety of arterial communications is appreciable 
among the different arteries of the penis. In particular, 
communications between the cavernosal arteries are 
identifi ed in virtually all patients. Arterial communi-
cations between the cavernosal and the urethral ar-
tery, between the cavernosal artery and the arteries of 
the bulb of the corpus spongiosum, and dorsal penile-
cavernosal perforators are less common (Fig. 5.9).

5.4.6  
Helicine Arterioles

The morphological features of helicine arterioles 
can be investigated using power Doppler ultraso-
nography (Montorsi et al. 1998). These vessels 
cannot be identifi ed during fl accidity due to in-
suffi cient blood fl ow. They become evident during 
the onset of erection as small vessels with tortu-
ous course originating from the cavernous arteries 
that branch in two to three orders of ramifi cations 

Fig. 5.8a,b. Color Doppler ultrasound anatomy. Arrangement of the distal portion of the dorsal arteries. a Axial scan show-
ing communication of the dorsal arteries behind the glans through a transverse anastomosis (open arrow). b Longitudinal 
scan showing a small dorsal collateral (arrowhead) feeding the corpus cavernosum

a b

Fig. 5.9a,b. Color Doppler appearance of arterial communications (arrowheads) among the penile arteries. Axial scans 
on the ventral aspect of the penis. a Communication between the right cavernosal and urethral artery. b Communication 
between the right dorsal and cavernosal artery

a b
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Fig. 5.10a–c. Arterioles branching from the cavernosal arter-
ies. a,b Helicine arteries. a Axial color Doppler ultrasound 
scan and b longitudinal power Dopper 3D rendering show-
ing helicine arterioles branching from the cavernosal artery. 
c Cavernosal-spongiosal communication (arrowhead) pre-
senting as a straight vessel entering the corpus spongiosum

a

c

b

arterial anastomoses connecting the cavernosal ar-
teries with the submucosal urethral arterial network 
( Juskiewenski et al. 1982; Droupy et al. 1999; Gotta 
et al. 2003). Cavernosal-spongiosal communications 
are recognized at color Doppler ultrasound in virtu-
ally all subjects (Bertolotto et al. 2002). The exact 
role of these vessels has not been elucidated (Droupy 
et al. 1999). It is conceivable that they behave as ac-
cessory feeding vessels of the intermediate and distal 
portion of the corpus spongiosum. 

At color Doppler ultrasound cavernosal-spon-
giosal communications are recognized as vessels 
branching from the cavernosal artery that run to-

(Fig. 5.10). When venous occlusion occurs helicine 
arteries become progressively less visible and dis-
appear with maximum rigidity, refl ecting reduc-
tion and eventually discontinuance of penile blood 
infl ow.

5.4.7  
Cavernosal-Spongiosal Communications

These vessels are either arterovenous shunts con-
necting the cavernosal arteries with the corpus 
spongiosum (Wagner et al. 1982) or, more likely, 
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wards the ventral aspect of the penile shaft, pass 
through the tunica albuginea, and enter the cor-
pus spongiosum. Only few cavernosal-spongiosal 
communications are detected in the fl accid penis, 
while three to four for each corpus cavernosum are 
detected during the onset of erection with fl ow di-
rected toward the corpus spongiosum (Fig. 5.10). 
No direct communications are appreciable be-
tween cavernosal-spongiosal communications and 
the urethral or bulbar arteries; as a consequence, 
these vessels are anatomically distinct from obvi-
ous cavernosal-spongiosal arterial communica-
tions. 

5.4.8  
Penile Veins

Depiction of penile veins at color Doppler ultra-
sound is inconstant in normal subjects due to low 
fl ow regimen both while fl accid and during erection 
(Kim et al. 2001). A variety of venous structures, 
however, can be identifi ed during turgescence and 
especially during detumescence (Fig. 5.11). One or 
more superfi cial veins can be identifi ed. A large vein 
is often recognized in the ventral aspect of the penis 
between the corpora cavernosa in patients with nor-
mal erection as well. A prominent deep dorsal vein 

Fig. 5.11a–c. Depiction of penile veins (arrowheads) at color 
Doppler ultrasound. a Longitudinal scan showing deep dor-
sal vein. b,c Axial scans showing a large vein b in the ventral 
aspect of the penis between the corpora cavernosa and c por-
tions of the emissary and circumfl ex veins

a b

c
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is commonly depicted and interrogated, but often 
several veins are recognized in the dorsal aspect of 
the penis below the Buck’s fascia. These color Dop-
pler fi ndings are consistent with a recent anatomical 
study (Hsu et al. 2003). Visualization of portions 
of the subalbugineal venous plexus, emissary, and 
circumfl ex veins is uncommon.

5.5  
Duplex Doppler Interrogation

Different Doppler waveforms are recognized in the 
cavernosal arteries while fl accid and during erection 
(Fitzgerald et al. 1991; Schwartz et al. 1991; Kim 
2002). Peak systolic velocity varies signifi cantly ac-
cording to the sampling location. In general, velocity 
values are highest at proximal sites and decrease 
progressively at distal sites of measurement (Chiou 
et al. 1999). As a consequence, standardization of the 
sampling location is needed to reduce the variability 
of duplex Doppler interrogation of the cavernosal 
arteries, which is performed at the origin, where 
they angle posteriorly toward the crus, and a favour-
able Doppler angle is obtained (Kim 2002).

5.5.1  
Cavernosal Arteries

These vessels present during the onset of erection with 
characteristic progression of Doppler waveform refl ect-
ing blood pressure changes within the cavernosal bod-
ies (Fig. 5.12). Spectral waveform changes have been 
classifi ed into six phases scored from 0 to 5 (Schwartz 
et al. 1991). In the fl accid state (phase 0) monophasic 
waveforms are recognized in the cavernosal arteries 
with low velocity, high resistance fl ow, typically of 
15–25 cm/s. With the onset of erection (phase 1), there 
is an increase in systolic and diastolic fl ows. Peak sys-
tolic velocity >35 cm/s and diastolic velocity >8 cm/s 
are usually recorded in normal subjects in this phase. 
Peak systolic velocities as high as 80–100 cm/s and dia-
stolic velocities of 20 cm/s or more are often recorded 
in young patients with normal erections. When the 
blood pressure within the corpora cavernosa begins 
to rise, a dicrotic notch appears at end systole, and a 
progressive decrease of the diastolic fl ow is observed 
(phase 2). When the cavernosal pressure equals the 
diastolic pressure, diastolic fl ow declines to zero. Ho-

lodiastolic fl ow reversal (phase 4) refl ects cavernosal 
pressure above the diastolic pressure and full erection. 
During rigid erection the systolic envelope is narrowed 
and diastolic fl ow disappears (phase 5). The systolic 
peak reduces or even disappears, refl ecting caverno-
sal pressure approaching or exceeding blood systolic 
pressure. Cavernosal phase 5 requires contraction of 
the bulbocavernous muscles and is not commonly ob-
served after pharmacologically induced erection. The 
bulbocavernous refl ex, however, can be stimulated 
with compression of the glans penis ( Broderick and 
Arger 1993). During detumescence diastolic fl ow ap-
pears again. 

5.5.2  
Dorsal Arteries

These vessels are outside the tunica albuginea 
and therefore are not subjected to the intracorpo-
real pressure changes with each phase of erection; 
therefore, even in well-sustained rigidity, antero-
grade diastolic fl ow persists (Broderick and Arger 
1993). Generally speaking, Doppler spectral pattern 
and peak systolic velocity of dorsal penile arteries 
increase from about 20 cm/s while fl accid to 40 cm/s 
or more during erection (Lee et al. 1993). 

5.5.3  
Arterial Communications

Doppler waveform changes of anastomotic arterial 
branches, dorsal-cavernous and cavernous-cavern-
ous arterial communications are quite variable, de-
pending on size and position along the shaft. 

5.5.4  
Helicine Arterioles

Specifi c characteristic changes have been identifi ed 
in the helicine arterioles (Montorsi et al. 1998) 
refl ecting waveform changes within the cavernosal 
arteries. In particular, an average peak systolic ve-
locity of 21–23 cm/s and a mean diastolic velocitiy 
of 2–3 cm/s have been recorded in subjects with nor-
mal erection during cavernosal phase 1 and phase 2 
at the origin of the helicine arterioles. Peak systolic 
velocity reduces progressively in the distal ramifi ca-
tions of these vessels. During cavernosal phase 3 and 
phase 4, the mean peak systolic velocity at the ori-
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Fig. 5.12a–f. Normal waveform changes 
in the cavernosal arteries during the 
onset of erection. a Phase 0. Monophasic 
fl ow with minimal or no diastolic fl ow 
occurring in the fl accid state. b Phase 
1. Increased systolic and diastolic fl ow. 
c Phase 2. Dicrotic notch appearance at 
end systole and progressive decrease of 
the diastolic fl ow. d Phase 3. End diastolic 
fl ow disappearance. e Phase 4. Diastolic 
fl ow reversal. f Phase 5. Reduction of the 
systolic peak during rigid erection

d

e

f

c

b

a



36 M. Bertolotto et al.

gin of the helicine arterioles reduces, and diastolic 
velocity declines to 0. During cavernosal phase 5 
helicine arterioles disappear. 

5.5.5  
Cavernosal-Spongiosal Communications

Also in these vessels characteristic changes are rec-
ognized refl ecting waveform changes within the 
cavernosal arteries (Bertolotto et al. 2002). In 
particular, within the corpus cavernosum caverno-
sal-spongiosal communications have arterial wave-

forms, and peak systolic velocity increases from ap-
proximately 6 cm/s while fl accid to approximately 
10 cm/s during erection. The resistive index progres-
sively increases from cavernosal phase 1 to phase 3. 
When full erection is reached cavernosal-spongiosal 
communications tend to close and disappear or, in 
other cases, their diastolic velocity markedly reduces 
or declines to 0. A characteristic Doppler spectrum 
can be appreciable with a positive diastolic fl ow, 
which can be due to a steel phenomenon towards the 
corpus spongiosum and an inverse systolic peak that 
is likely due to the hydraulic “ram stroke” produced 
near the occlusion site (Fig. 5.13). 

Fig. 5.13a–c. Duplex Doppler interrogation of cavernosal-
spongiosal communcations. a Within the corpus caverno-
sum the vessel has an arterial waveform, whereas b after 
the passage of the tunica albuginea a venous waveform is 
recorded. c Doppler interrogation during full erection (cav-
ernosal phase 4) shows diastolic fl ow disappearance or posi-
tive diastolic fl ow with systolic peak inversion

a

c

b
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Immediately after the passage of the tunica albu-
ginea, venous waveforms are recorded in the same 
vessels or arterial fl ows with very low vascular re-
sistances.
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6.1  
Background

Grey-scale and color-Doppler ultrasonographies 
are the most widely used, non-invasive and read-
ily available imaging modalities for diagnostic pur-
poses in studying erectile dysfunction (Lehmann 
et al. 1996). In fact, after clinical examination, it 
is the fi rst tool in imaging algorithms used for the 
evaluation of the anatomic and functional status of 
the penis and of the penile vessels in patients who 
complain of erectile problems (NIH 1993).

US Evaluation of Erectile Dysfunction  6
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The examination should be goal-oriented, de-
pending on the clinical problem at hand. Although 
the anatomy and acoustic structure of the corpora 
cavernosa may be informative, the functional char-
acteristics after pharmacological stimulation are 
more important and are performed in real time 
ultrasound (Bertolotto and Neumaier 1999). 
Diagnosis is usually performed during scanning, 
on the basis of both structural and functional data 
(Meuleman et al. 1992b). When performing the 
exam a standard set of images is mandatory for gen-
eral survey and special views can be indicated to de-
tect particular lesions (Lue 1993).

6.2  
Preliminary Clinical Assessment

Prior to instrumental or invasive procedures, pa-
tient-reported assessment should be performed. Pa-
tient self report, administered questionnaires, event 
logs or simple patient diaries are commonly used 
for the diagnosis of erectile dysfunction (Rosen et 
al. 2006).

The International Index of Erectile Function 
(IIEF) questionnaire (Table 6.1) can be used to mea-
sure the erectile function (Rosen et al. 1997). It 
simplifi es the preliminary assessment and can help 
to evaluate and defi ne the cause of the erectile dys-
function and identify the underlying vascular issue. 
Even though the IIEF questionnaire was originally 
proposed to evaluate the results of treatments, it can 
also be used in clinical practice to evaluate the erec-
tile function in all patients attending ultrasound in-
vestigation. The questionnaire has been shown to be 
highly versatile and can be employed in all patients 
with erectile dysfunction regardless of the cause, co-
morbidities and cultural background.
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Table 6.1. International Index of Erectile Function (IIEF)

Q1 How often were you able to get an erection during sexual activity?
0 = no sexual activity; 1 = almost never or never; 2 = a few times (less than half the time);
3 = sometimes (about half the time); 4 = most times (more than half the time); 5 = almost always or always

Q2 When you had erections with sexual stimulation, how often were your erections hard enough for penetration?
0 = no sexual activity; 1 = almost never or never; 2 = a few times (less than half the time);
3 = sometimes (about half the time); 4 = most times (more than half the time); 5 = almost always or always

Q3 When you attempted intercourse, how often were you able to penetrate (enter) your partner?
0 = did not attempt intercourse; 1 = almost never or never; 2 = a few times (less than half the time);
3 = sometimes (about half the time); 4 = most times (more than half the time); 5 = almost always or always

Q4 During sexual intercourse, how often were you able to maintain your erection after you had penetrated 
(entered) your partner?
0 = did not attempt intercourse; 1 = almost never or never; 2 = a few times (less than half the time);
3 = sometimes (about half the time); 4 = most times (more than half the time); 5 = almost always or always

Q5 During sexual intercourse, how diffi cult was it to maintain your erection to completion of intercourse?
0 = did not attempt intercourse; 1 = extremely diffi cult; 2 = very diffi cult; 3 = diffi cult; 4 = slightly diffi cult;
5 = not diffi cult

Q6 How many times have you attempted sexual intercourse?
0 = no attempts; 1 = 1 to 2 attempts; 2 = 3 to 4 attempts; 3 = 5 to 6 attempts; 4 = 7 to 10 attempts;
5 = ≥11 attempts

Q7 When you attempted sexual intercourse, how often was it satisfactory for you?
0 = did not attempt intercourse; 1 = almost never or never; 2 = a few times (less than half the time);
3 = sometimes (about half the time); 4 = most times (more than half the time); 5 = almost always or always

Q8 How much have you enjoyed sexual intercourse?
0 = no intercourse; 1 = no enjoyment at all; 2 = not very enjoyable; 3 = fairly enjoyable; 4 = highly enjoyable;
5 = very highly enjoyable

Q9 When you had sexual stimulation or intercourse, how often did you ejaculate?
0 = no sexual stimulation or intercourse; 1 = almost never or never; 2 = a few times (less than half the time);
3 = sometimes (about half the time); 4 = most times (more than half the time); 5 = almost always or always

Q10 When you had sexual stimulation or intercourse, how often did you have the feeling of orgasm or climax?
1 = almost never or never; 2 = a few times (less than half the time); 3 = sometimes (about half the time);
4 = most times (more than half the time); 5 = almost always or always

Q11 How often have you felt sexual desire?
1 = almost never or never; 2 = a few times (less than half the time); 3 = sometimes (about half the time);
4 = most times (more than half the time); 5 = almost always or always

Q12 How would you rate your level of sexual desire?
1 = very low or none at all; 2 = low; 3 = moderate; 4 = high; 5 = very high

Q13 How satisfi ed have you been with your overall sex life?
1 = very dissatisfi ed; 2 = moderately dissatisfi ed; 3 = equally satisfi ed and dissatisfi ed; 4 = moderately satisfi ed;
5 = very satisfi ed

Q14 How satisfi ed have you been with your sexual relationship with your partner?
1 = very dissatisfi ed; 2 = moderately dissatisfi ed; 3 = equally satisfi ed and dissatisfi ed; 4 = moderately satisfi ed;
5 = very satisfi ed

Q15 How do you rate your confi dence that you could get and keep an erection?
1 = very low or none at all; 2 = low; 3 = moderate; 4 = high; 5 = very high
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A simplifi ed and reduced version has been de-
veloped (Table 6.2), called the Sexual Health Inven-
tory for Men (SHIM), and is used in clinical prac-
tice as a valid method to evaluate the severity of 
erectile dysfunction (Rosen et al. 2002). The SHIM 
score also allows the effi cacy of treatment to be 
monitored.

These two indices give a global evaluation of erec-
tile function, but do not assess other sexual disorders 
since they do not provide information regarding the 
causes of erectile dysfunction, which can be organic 
or psychological or secondary to other health issues 

(diabetes, cardiovascular disease, drugs, neurologi-
cal disease, etc.).

Another important issue in the initial medical 
and sexual history of the patient regards the erec-
tion hardness, which is fundamentally key to erec-
tile function. An Evaluation Hardness Grading Scale 
(EHGS) can be used (Table 6.3), consisting of a self-
reported measure that classifi es erection hardness 
on a four-point scale (Mulhall et al. 2006). This 
evaluation is very simple and quick to perform and 
gives important clinical information of patient sat-
isfaction of his erectile function.

Table 6.2. Sexual Health Inventory for Men (SHIM)

Over the past 6 months

1. How do you rate your 
confi dence that you 
could get and keep an 
erection?

Very low Low Moderate High Very high

1 2 3 4 5

2. When you had erec-
tions with sexual stimu-
lation, how often were 
your erections hard 
enough for penetration 
(entering your partner)?

No sexual
activity

Almost never 
or never

A few times 
(much less 
than half 
the time)

Sometimes 
(about half the 
time)

Most times 
(much 
more than 
half the 
time)

(Almost 
always or 
always

0 1 2 3 4 5

3. During sexual inter-
course, how often were 
you able to maintain 
your erection after you 
had penetrated (entered) 
your partner?

Did not attempt 
intercourse

Almost never 
or never

A few times 
(much less 
than half 
the time)

Sometimes 
(about half the 
time)

Most times 
(much 
more than 
half the 
time)

(Almost 
always or 
always)

0 1 2 3 4 5

4. During sexual inter-
course, how diffi cult 
was it to maintain your 
erection to completion of 
intercourse?

Did not attempt 
intercourse

Extremely
diffi cult

Very
diffi cult

Diffi cult Slightly 
diffi cult

Not diffi cult

0 1 2 3 4 5

5. When you attempted 
sexual intercourse, how 
often was it satisfactory 
for you?

Did not attempt 
intercourse

Almost never 
or never

A few times 
(much less 
than half 
the time)

Sometimes 
(about half the 
time)

Most times 
(much 
more than 
half the 
time)

Almost 
always or 
always

0 1 2 3 4 5

Add the numbers corresponding to questions 1–5 to obtain the SHIM score. The Sexual Health Inventory for Men further 
classifi es erectile dysfunction (ED) with the following breakpoints: 1–7 severe ED; 8–11 moderate ED; 12–16 mild to moderate 
ED; 17–21 mild ED
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6.3  
Ultrasonography

Ultrasound evaluation of patients with erectile dys-
function should be performed in the appropriate 
environment, respecting the privacy of the patient. 
Good quality equipment and transducers suited to 
evaluation of superfi cial structures must be used.

6.3.1  
Environment

The sonographic examination of the patient with 
erectile dysfunction cannot be considered corre-
sponding to a conventional ultrasound scanning, 
but requires some basic rules of privacy, avoiding all 
the negative factors depending on the environment, 
which can interfere dangerously with the erectile 
phenomenon (Broderick 1998).

An independent and dedicated ultrasound labo-
ratory supplied with the technical requirements 
that can amplify or improve the action of the drugs 
used to induce the erection is desirable, even if not 
mandatory. In any case the laboratory where the ex-
amination is performed must be locked, and nobody 
should be allowed to enter during the examination 
time. Low lighting is preferable and the presence of 
a maximum of two medical staff. Avoiding the pres-
ence of nurses is recommended with the exclusion of 
the preliminary phases to reduce the negative infl u-
ence of psychological factors. After the intracaver-
nosal drug injection, the patients can be left alone 
before the Doppler measurements on both caverno-
sal arteries are performed. Once the evaluated pa-
rameters become stable, but the erection obtained 
is insuffi cient or absent, the patient is usually left 
alone for some minutes and invited to stimulate the 
penis manually. If the degree of the rigidity obtained 
is less than the best spontaneous erection referred  
by the patient during normal sexual activity, a sec-

ond dose of prostaglandin can be injected. When a 
venous erectile dysfunction is suspected, it is useful 
to ask the patient to stand and invite him to walk, 
because this will increase the erection and reduce 
the examination time. The increased erection ob-
tained is psychologically important for the patient.

To improve the drug response, audiovisual sexual 
stimulation has been proposed to promote smooth 
muscle relaxation during penile color Doppler exami-
nation. Audiovisual stimulation is performed with 
commercially available virtual glasses with tridimen-
sional capabilities and stereophonic headphones. The 
device allows the patient to be cut off from the surround-
ing environment without increasing test-related stress 
and anxiety. This type of induced arousal suggests the 
possibility of performing the dynamic evaluation with 
a reduced dose of the drug or with simple oral agents 
in place of intracavernosal injection (Pescatori et al. 
2000; Park et al. 2002). The clinical results are sugges-
tive, but the method is not in very widespread use and 
needs more extensive confi rmation. 

6.3.2  
Transducers

Technical requirements for grey-scale and color Dop-
pler ultrasonography of the penis are described in de-
tail in Chapter 1. In particular, high frequency small-
parts transducers are mandatory, preferably with high 
density crystals so that an elevated spatial resolution 
is possible both at grey-scale and color-Doppler ultra-
sound (Bertolotto and Neumaier 1999).

Gain and power settings should be optimized so 
that all structures of the penis are appreciable. Har-
monic imaging and 3D reconstruction techniques 
can be used, if available, but they are not mandatory 
for the diagnosis even though they can offer a more 
detailed image of the small post-cavernosal arteries, 
which are frequently compromised in subjects with 
diabetes or systemic arterial disease.

Table 6.3. Erection Hardness Grading Scale (EHGS)

Grade Defi nition of erection hardness

1 Increase in size of penis, but not hardness (rigidity)

2 Increase in size and slight increase in hardness (rigidity), but insuffi cient for sexual intercorse

3 Increase in hardness (rigidity), suffi cient for sexual intercourse, but not fully hard (rigid)

4 Fully hard rigid erection



  US Evaluation of Erectile Dysfunction 43

6.3.3 
Vasoactive Drug Delivery

A variety of techniques have been suggested for 
delivery of vasoactive drugs in patients with erec-
tile dysfunction undergoing color Doppler evalu-
ation. While the most commonly used method is 
intracavernosal injection, other modalities such as 
transurethral and transdermal drug delivery have 
been considered, in the attempt to reduce the in-
vasive character of the study, and risk of possible 
complications.

6.3.3.1  
Intracavernosal Injection

Intracavernosal injection of vasoactive substances 
(dynamic penile ultrasonography) is one of the 
most important phases in the examination of pa-
tients with erectile dysfunction (Cormio et al. 
1996). This minimally invasive procedure is as-
sociated with anxiety and apprehension that may 
negatively infl uence the erectile response and cause 
false-positive results.

The substances used in the clinical practice vary 
in composition, dose and mechanism of action 
(Meuleman et al. 1992a). Sometimes they can be 
used simultaneously in the same mixture. Currently, 
the most diffuse product is prostaglandin E1 (PGE1), 
which is used at doses varying from 5 mcg to 20 mcg. 
It is a product with a high level of security and safety, 
because it seldom induces a persistent priapism that 
requires medical or surgical interventions.

The employed dose is selected on the basis of the 
preliminary clinical assessment, which allows the 
patients to be divided into two main groups. The fi rst 
includes subjects who still have nocturnal erections 
and some preserved sexual activity; in this group a 
single dose of 5 or 10 mcg can be suffi cient, but, if an 
incomplete erection is obtained, a second injection 
can be performed after 30 min to differentiate a real 
organic erectile dysfunction from an insuffi cient re-
sponse to a low dose of the drug (Lehmann et al. 
1999; Chen et al. 2000). The second group includes 
those who report short erections, generally insuffi -
cient to perform a complete intercourse. In this case 
a 20-mcg dose of PGE1 is preferred (Lehmann et al. 
1999). Prostaglandins can be responsible for a long-
standing erection that lasts 3–4 h associated with 
pain, which generally disappears spontaneously 
probably as a consequence of the complete meta-
bolic consumption by the intracavernosal enzymes.

Papaverine is the second most used drug to stim-
ulate erections at a dose ranging from 10 to 40 mg. 
A great individual variability in the response to the 
same dose has been observed and the time of erec-
tion is usually longer than that obtained with PGE1 
(Fitzgerald et al. 1991). The most common sys-
temic signs are secondary to peripheral vasodilata-
tion with a sense of heat and occasionally hypoten-
sion. These effects are sometimes not tolerated by 
the patients performing self-injection at home. Fo-
cal fi brosis of the erectile tissue or diffuse corporeal 
fi brosis have been frequently observed and are the 
consequence of focal or diffuse ischemia of the erec-
tile tissue. For these reasons papaverine is currently 
not used systematically even though its erectile ef-
fect is more intense and the rigidity more evident 
than with other vasoactive products.

The relaxation of the erectile tissue and the va-
sodilatation obtained with papaverine are generally 
more evident, probably because of the higher quan-
tity of nitric oxide (NO) involved. The action of the 
NO is essentially an arterial vasodilatation, while 
the effect on the cavernosal musculature is less evi-
dent. 

Other drugs used are phentolamine and phenoxy-
benzamine, alpha-lytic drugs that produce relax-
ation of the smooth muscle of the arterial wall and of 
the erectile tissue. Some authors have proposed the 
use of a mixture of all three vasoactive substances, 
whose action is similar, but probably follow different 
biochemical pathways: papaverine, phentolamine 
and prostaglandin.

The erectile response observed in patients with-
out arteriogenic erectile dysfunction is usually in-
tense and the incidence of priapism frequent. The 
association called “Trimix” shows a high incidence 
of complications, and the individual dose is diffi cult 
to defi ne (Govier et al. 1995).

The intracavernosal injection is performed on 
the lateral aspect of the penis at the proximal or 
medial third of the shaft (Fig. 6.1). Commonly, a 
30-G needle is used and the puncture is performed 
away from the dorsal nerves of the penis. Intra-
spongiosal or intraurethral injection should be 
carefully avoided. Incorrect puncture can produce 
pain, particularly if performed near the dorsal 
nerves, or urethral pain/heat, if the product has 
been injected into the corpus spongiosum. Subcu-
taneous injections cause less pain and local swell-
ing, but no erection. These complications are more 
frequently observed in patients at the beginning of 
self-injection.
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6.3.3.2 
Transurethral Drug Delivery

In place of intracavernosal injection to examine pa-
tients with erectile dysfunction intraurethral instil-
lation of prostaglandin E1 at the dose of 0.5 mg has 
been proposed as an alternative method to reduce 
the distress connected to the direct injection (Tam 
et al. 1998). Although the urethral mucosa is not the 
best route of drug transfer, its anatomical structure 
with numerous submucosal veins that communicate 
between the corpus spongiosum and the corpora cav-
ernosa can be considered an alternative way to induce 
erection. Color Doppler parameters and specifi cally 
peak systolic velocity (PSV) measured the increase 
statistically, and in about 65% erections suffi cient for 
intercourse were obtained. The transurethral admin-
istration of prostaglandin E1 has shown a positive 
effect in the treatment of a substantial proportion of 
men with chronic erectile dysfunction, but the pro-
cedure is not suitable to defi ne the nature and the 
severity of it (Padma-Nathan et al. 1997).

6.3.3.3 
Transdermal Drug Delivery

Some authors have studied the possibility to deliver 
prostaglandin E1 using transdermal liposomal for-
mulations through the foreskin in men with erectile 
dysfunction secondary to spinal cord injury or with 
mild arterial insuffi ciency (Foldvari et al. 1998). 

Topical applications of drugs can increase PSV 
by 15 to 22 cm/s (Kim and McVary 1995). Also the 
mean cavernosal artery diameter has been reported 
to increase by 0.9 to 1.1 mm. The highest fl ow veloc-

ity is archived at 45 min after the application of the 
product, but the results are variable and inconstant, 
and the method cannot be proposed to evaluate the 
nature of the erectile dysfunction.

6.3.4 
Scanning

Ultrasound examination of the penis in patients with 
erectile dysfunction is performed with scans at rest, 
before induced erection and in the erection/tumes-
cence phases. After intracorporeal drug injection 
scans are usually performed after 5, 10, 15 and 20 
min at the level of both cavernosal arteries. Scan-
ning is preferably made on the ventral surface, es-
pecially when the erection is obtained, because the 
probe orientation is particularly favorable to study 
the cavernosal fl ow. The basal study generally has a 
low diagnostic yield and can be omitted if a prelimi-
nary clinical evaluation has been performed. After 
drug injection grey-scale scanning is performed that 
allows a good detection of the cavernosal arteries and 
evaluation of the cavernosal tissue distension. The 
septum and the tunica albuginea are well depicted.

Afterwards color imaging is performed using a 
reduced fi eld of view to maintain a high frame rate. 
Pulse repetition frequency (PRF) values of 1,000–
1,500 Hz are employed with a low wall fi lter. Lon-
gitudinal scans on the cavernosal arteries are per-
formed with steering of the color box so that a good 
defi nition of the blood fl ow is acquired. The caver-
nosal arteries have a parallel course to the linear 
probe with a non-favorable Doppler angle, because 
of being perpendicular to the direction of fl ow. The 
sample volume size is about 1 mm, which is the cor-
responding measure of the diameter of the caverno-
sal vessels. Color imaging allows an easy detection 
of the arteries from the base of the penis down to 
the retrobalanic zone. Grey-scale and color Doppler 
anatomy of the penis has been described in Chapter 
5. Briefl y, anatomical variations of the cavernosal 
arteries are present in 20–30% of the patients with 
double or triple arterial vessels. They can have the 
same outer diameter or can be different in size and 
length. The blood velocities measured are depen-
dent of their diameter (Mancini et al. 1996). The 
helicine arterioles and their branches can be easily 
detected because of their perpendicular course in 
respect to the probe. The 3D reconstruction of the 
intracorporeal vessels allows defi ning the spatial 
distribution of the small vessels and a semiquanti-

Fig. 6.1. Schematic drawing showing the elective site on the 
lateral surface of the penis (*) where to perform intracaver-
nosal drug injection
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tative evaluation of the vascular density and of the 
size of the helicine arterioles, which are frequently 
compromised in patients with diabetes or systemic 
vascular pathology. 

Following identifi cation at color Doppler ul-
trasound, the cavernosal vessels are interrogated. 
Pulse-wave (PW) duplex Doppler is turned on put-
ting the sample volume on the cavernosal arteries. 
The spectral analysis is preferably performed at the 
base of the penis where the Doppler angle is particu-
larly favorable (between 30° and 50°) and the fl ow 
velocity shows major reproducibility and correct-
ness (Mills and Sethia 1996). The fl ow velocity 
must be measured repeatedly (at least three times) 
at the same level and the mean value reported. Func-
tional studies have shown a progressive decrease of 
blood velocity in the cavernosal arteries from the 
base to the glans penis

6.3.5 
Timing

The time necessary to obtain an erection after phar-
macostimulation varies greatly from one patient to 
another. For this reason continuous monitoring is 
necessary up to 30–40 min. In some subjects a rapid 
erection is observed after 5 min, but in the majority 
of the examinations it is necessary to wait 15–20 min 
to have a stable erection. If the erection does not 
realize after 20 min, it is good practice to prolong 
the test to 30–40 min to exclude late responses. To 
reduce the time to erection the patient can be invited 
to stand up and to walk in the ultrasound labo-
ratory. Sexual visual stimulation can be employed 
with good results (Erbagci et al. 2002). All these 
maneuvers increase the erection fi rmness especially 
in patients with venous leakage because of the in-
crease of the venous pressure in the superfi cial and 
deep venous network of the penis (Pescatori et al. 
2000; Park et al. 2002).

6.4 
Ultrasound Imaging Findings in
Erectile Dysfunction

Several changes are detected in patients with erec-
tile dysfunction that are useful to differentiate 
among different underlying causes for this condi-

tion. In particular, anatomical and vascular altera-
tions can be evaluated at grey-scale and color Dop-
pler ultrasound, as well as pathological spectral 
changes in the cavernosal arteries and in other 
penile vessels. 

6.4.1 
Grey-Scale Ultrasound Findings

The morphological aspects to defi ne with grey-scale 
ultrasonography are the presence of calcifi cations 
and kinking of the cavernosal arteries; diameter 
and size changes of the cavernosal arteries before 
and after pharmacological injection; distension and 
texture of the erectile tissue evaluated before and 
during erection.

In older patients, and in those suffering from dia-
betes or chronic renal failure, microcalcifi cations in 
the wall of the cavernosal arteries are frequently de-
tectable and are the expression of calcium deposits 
in atheromatous endothelial plaques (Fig. 6.2) or in 
the tunica media as observed in subjects on chronic 
hemodialysis (Fig. 6.3). 

Measurement of the diameter changes in the 
cavernosal arteries after drug injection is clini-
cally more useful since it expresses the stiffness 
of the arterial wall. In normal subjects there is 
normally a 75 to 120% increase in size of the ves-
sels whose diameter is of 0.5–0.7 mm at rest and 
1–1.2 mm after stimulation. This measurement is 
performed using the maximum electronic mag-
nification of the scanner to reduce errors due to 
incorrect positioning of the electronic calipers 
(Chiou et al. 1999).

The size increase of the arteries in patients with 
arteriogenic ED is usually less than 75%. The func-
tional response of the vessels to the drug is non-
specifi c and not always expression of stenosis or 
obstruction, but can be secondary to a reduced elas-
ticity or contraction of the muscular wall. A normal 
vascular response is considered when the increase 
in size is of 100% or more with respect to the basal 
values. 

The measurement of the diameter changes of the 
corpora cavernosa during the different phases of 
erection is another parameter that has been used. 
The distension can be asymmetric because of re-
duced relaxation of the cavernosal tissue on one site 
due to structural changes (fi brosis) or secondary to 
unilateral reduced fl ow because of unilateral arte-
rial obstruction (Fig. 6.4).
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Fig. 6.5. Longitudinal scan. Reduced distension with calci-
fi cations (arrowheads) and stenosis of the cavernosal artery 
in severe arteriogenic erectile dysfunction

The measurement of the area of the corpora cav-
ernosa in the transversal scan is simple using the 
electronic facilities of the ultrasound equipment. It 
is possible to calculate immediately the area delimi-
tated with the trackball. Actually these measure-
ments are rarely used in the clinical practice because 
penile changes in size and rigidity are well evaluated 
clinically and manually (Nelson and Lue 1989).

6.4.2 
Color Doppler Imaging

Color imaging is fundamental to identify the caver-
nosal arteries and to detect the presence and direc-
tion of fl ow, especially in patients with reduced dis-
tension of the vessel (Fig. 6.5) after drug stimulation 
(Mancini et al. 2000). The vessel kinkings, stenosis 

Fig. 6.2. Longitudinal scan. Thickening of the cavernosal
artery wall with calcifi cations (arrowheads) in a patient with 
diabetes

Fig. 6.3. Longitudinal scan. Diffuse small calcifi cations of 
the cavernosal arteries (arrowheads) in a patient in chronic 
hemodialysis

Fig. 6.4. Transversal scan. Asymmetric distension of the 
corpora cavernosa secondary to obstruction of the left
cavernosal artery
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Fig. 6.9. Longitudinal scan. Double cavernosal artery show-
ing wall stiffness and a marked reduction of visibility of 
helicine arterioles

Fig. 6.6. Color Doppler in transversal scan after pharmaco-
stimulation showing differences in size between the caver-
nosal arteries. The left artery (curved arrow) is smaller in 
diameter with reduced fl ow velocity Fig. 6.7. Transversal scan. Complete obstruction of the 

right cavernosal artery with no fl ow detectable (*). Normal-
appearing left cavernosal artery (curved arrow)

Fig. 6.8. Cavernoso-dorsal arterial anastomosis in a patient 
with erectile dysfunction. Color Doppler imaging shows
a vessel (arrowheads) connecting the dorsal artery (open
arrow) to the cavernosal artery (curved arrow)

or obstruction are easily identifi ed (Fig. 6.6). Ob-
structions appear as non-colored segments (Fig. 6.7) 
of the arteries, while stenoses are associated with 
areas of increased velocity and post-stenotic tur-
bulence. Color Doppler imaging is useful to detect 
fl ow in the cavernoso-dorsal (Fig. 6.8) and caver-
noso-urethral anastomoses, which are common in 
patients with arteriogenic erectile dysfunction.

Because of extensive arterial lesions, the fl ow in the 
elicine arteries is reduced (Fig. 6.9), and sometimes 
the distal part of the cavernosal arteries is not visual-
ized because of reduced fl ow velocity (Sarteschi et 

al. 1998). Power Doppler imaging (Fig. 6.10) and the 
3D rendering techniques (Fig. 6.11) are proposed to 
detect the arterial wall lesions and the distribution of 
the elicine arteries in subjects with diffuse lesions of 
the small intracorporeal vessels as observed in dia-
betics (Montorsi et al. 1998;  Klingler et al. 1999). 

In patients with venous occlusive erectile dys-
function the cavernosal fl ow is elevated and easily 
detected. The vessels show an increased diameter 
and can be followed for a long course in the center 
of the corpus cavernosum. The helicine arterioles 
are numerous and visible up to the tunica albuginea 



48 P. Pavlica, M. Valentino, and L. Barozzi

(Hampson et al. 1992). Venous leakage pathways are 
patent (Fig. 6.12).

6.4.3 
Spectral Doppler Imaging

Spectral analysis is the most important parameter 
used to characterize the severity and the nature of 
the erectile dysfunction (Knispel and Andresen 
1992). It is possible to calculate semiquantitatively 
the penile perfusion and indirectly to calculate the 
intracorporeal pressure, which are the main factors 
that infl uence the validity and duration of the erec-
tion (Shabsigh et al. 1989).

There is a general agreement that the peak sys-
tolic velocity (PSV) measured at the level of the 
peno-scrotal junction is the best parameter for a 
clinical judgment of the arterial perfusion (Oates 
et al. 1995). PSV above 35 cm/s is considered the 

Fig. 6.11. Longitudinal scan. 3D rendering obtained from 
power Doppler images showing poor visibility and irregu-
larity of helicine arterioles

Fig. 6.10a,b. Power Doppler images in longitudinal scans showing the differences between the number and distribution of 
the elicine arteries in a normal subject (a) and in a diabetic patient (b) 

a b

expression of a normally functioning arterial tree, 
even though arteriography can detect atheromatous 
parietal lesions that are hemodynamically non-sig-
nifi cant. When the Doppler examination reveals a 
PSV less than 25 cm/s, the erectile dysfunction is 
considered of arteriogenic origin (Fig. 6.13) with a 
sensitivity of about 100% and a specifi city of 95% as 
shown by the arteriographic studies that correlated 
fl ow data with arteriographic images (Valji and 
Bookstein 1993).

Much more complex is the clinical evaluation of pa-
tients who show PSV values between 25 and 35 cm/s. 
This range of values is commonly observed in older 
subjects with mild erectile dysfunction (Fig. 6.14). 
Probably they have a stiffness of the arterial walls 
with intimal thickening and reduced response to 
PGE1 stimulation, secondary to an endothelial le-
sion and reduced NO production. In these patients 
stenosis or obstruction of the precavernosal arteries 
can be suspected and the fl ow study of these larger 
vessels should be performed. The terminal branches 
of the internal pudendal artery can be explored with 
a high linear frequency probe positioned in the peri-
neal area under the scrotum.

The fl ow detected at the level of the cavernosal ar-
teries can be asymmetric, and when the difference 
of PSV is greater than 10 cm/s a unilateral arterial 
insuffi ciency must be suspected with secondary fl ow 
impairment (Fig. 6.15). 

When the arterial obstruction is complete, color 
Doppler imaging can show fl ow inversion in the cav-
ernosal artery, easily detected in the longitudinal 
and transversal scans because of the different color 
of fl ow (Fig. 6.16). At spectral analysis the fl ow is re-
versed in the proximal portion of the artery and nor-
mally directed in the distal part. The curve obtained 
is of low amplitude with increased time to peak. The 
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Fig. 6.13. Longitudinal scan. Arteriogenic erectile dysfunc-
tion with PSV of 11.5 cm/s measured at the base of the penis

Fig. 6.14. Longitudinal scan. Erectile dysfunction in a subject 
with PSV of 34 cm/s. These borderline values are clinically com-
mon. The origin of erectile dysfunction is diffi cult to defi ne

Fig. 6.12a–c. Venous occlusive erectile dysfunction. a Dop-
pler interrogation of the cavernosal artery during maximum 
penile turgidity after cavernosal injection of 20 µg of pros-
taglandin E1 shows high-velocity cavernosal artery fl ows of 
77 cm/s and persistent end diastolic velocity of 18 cm/s. b,c 
Evidence of blood fl ow within the dorsal vein (b) and within 
the perforant and circumfl ex veins (c). (Reprinted with per-
mission from: Bertolotto M, Gasparini C, Calderan L, Lis-
siani A, Cova MA (2005) Color Doppler ultrasonography of 
the penis: state of the art. Giornale Italiano di Ecografi a 8: 
113–127) c

b

a
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Fig. 6.17. Longitudinal scan. Mixed type of erectile dysfunc-
tion with low systolic fl ow (<10 cm/s) and persistent diastolic 
fl ow measured at the base of the penis

Fig. 6.16. Transversal scan. Color Doppler image showing 
fl ow inversion in the left cavernosal artery (arrowhead) 
consistent with arterial obstruction and retrograde recana-
lization. (Reprinted with permission from: Bertolotto M, 
Gasparini C, Calderan L, Lissiani A, Cova MA (2005) Color 
Doppler ultrasonography of the penis: state of the art. Gior-
nale Italiano di Ecografi a 8: 113–127)

Fig. 6.15a,b. Differences in PSV between the two cavernosal arteries in a patient with mild erectile dysfunction. a On the 
right side 61 cm/s are measured, while b on the left 34 cm/s are measured consistent with unilateral arterial damage

a b

typical phase variations that can be observed in 
normal subjects. The fl ow is reduced and unchanged 
during the whole scanning time.

Valid erections can sometimes be observed in 
patients with extensive arteriogenic lesions and 
PSV below 25 cm/s, but with a preserved and active 
veno-occlusive mechanism that compensates for the 
reduced arterial infl ow. In these cases the beginning 

blood fl ows from the contralateral patent cavernous 
artery or from the dorsal artery through transeptal 
or dorso-cavernosal anastomoses ( Wegner et al. 
1995). Cavernosal-spongiosal communications with 
reversed fl ow can refi ll the cavernosal artery retro-
gradely as well.

Spectral curve in patients with arteriogenic erec-
tile dysfunction is characterized by the absence of 
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of the erection is delayed, but can sometimes be long 
standing.

Veno-occlusive erectile dysfunction is more com-
mon in clinical practice and is usually observed in 
younger patients without arterial disease. As con-
fi rmed by cavernosography and cavernosomanom-
etry (Kropman et al. 1992), the diagnosis is made 
on the basis of a high and persistent peak systolic 
velocity, which is superior to the cut-off values of 
35 cm/s, and end diastolic velocity (Fig. 6.12) with a 
sensitivity of 90–94%.

The disappearance or inversion of the diastolic 
fl ow is indicative of a correctly functioning veno-oc-
clusive mechanism, and the erectile dysfunction is 
probably of different origin (hormonal, psychologi-
cal) (Wespes et al. 1998). 

The use of the resistive index (RI) to measure 
the venous function does not show advantages 
over the simple end diastolic velocity values. RIs 
of 0.9–1.0 are indicative of normality, while lower 
values suggest venous leakage. When the RI is be-
low 0.75 end diastolic velocity is generally higher 
than 10–12 cm/s in 95% of patients. In these cases 
the venous leakage is persistent and elevated, and 
there is no effi cacy of oral drugs. The presence of 
an elevated end diastolic velocity is indicative of 
low intracavernosal pressure, inadequate to ob-
tain and maintain a rigidity suffi cient for normal 
intercourse (de Meyer and Thibo 1998). Less fre-
quently observed are cases of erectile dysfunction 
of mixed origin, arteriogenic and venous, showing 
low systolic velocity and persistent diastolic fl ow 
(Fig. 6.17).

The response to pharmacological stimulation 
in the dorsal penile arteries is completely different 
from in the cavernosal. They do not show the typi-
cal phase changes detected in the cavernosal arter-
ies and secondary to the intracorporeal pressure 
(Hwang et al. 1991). The fl ow is elevated even in 
full rigidity. They provide blood to the glans, and 
the peak systolic velocity increases to produce an 
engorgement of the glans vasculature with second-
ary distension and stiffness of this part of the penis. 
Lesions of these vessels can be the cause of reduced 
tumescence of the glans and of a “soft-tip” during 
erection. 

In the deep dorsal vein the fl ow is always high 
during all the phases of erection. Commonly it in-
creases after drug injection. The fl ow velocity mea-
surement is not clinically useful in patients with 
erectile dysfunction and particularly in those with 
venous leakage (Virag and Sussman 1998).

Dorsal-cavernosal anastomosis is commonly de-
tected in patients after pharmacologically induced 
erection, independently of the nature of the erectile 
dysfunction. The fl ow direction is normally from 
the dorsal artery to the cavernosal and the end dia-
stolic velocity is always high and not infl uenced by 
the intracorporeal pressure.

6.5 
Other Imaging Modalities

Arteriography of the pudendal artery (using the 
transfemoral or transbrachial approach) and cav-
ernosography have been used before the introduc-
tion of color Doppler imaging to detect the nature 
of the erectile dysfunction (Delcour et al. 1986; 
Bookstein 1987; Rosen et al. 1991). At present the 
role of these techniques is limited to selected cases 
with specifi c clinical problems already studied with 
sonography. 

The study of the arterial tree can be performed 
using the traditional arterial approach, but CT an-
giography is today the fi rst line procedure using a 
multislice machine and multiplanar or 3D recon-
structions, which allow a complete depiction of the 
pudendal and cavernous arteries. 

The exam is employed in young patients with 
acute onset of the erectile dysfunction, with asym-
metric fl ow in the cavernosal arteries or after blunt 
lower abdominal trauma, where a traumatic lesion 
or compression of a large artery is suspected. This 
non-invasive procedure can identify patients who 
can have advantages from an interventional proce-
dure with restoration of the fl ow.

Dynamic infusion cavernosography (Fig. 6.18) 
with vasoactive substance injection (Lue et al. 1986) 
is currently performed in patients with venous leak-
age before vein ligation. It is used to identify the sites 
of the veins involved that can be at the level of the 
deep dorsal vein and the cavernosal vein at the base 
of the crural vein. 

Postoperative potency or increased rigidity has 
been reported in 60–70% of patients with venogenic 
erectile dysfunction. Venous leak surgery is a use-
ful treatment modality in subjects with pure venous 
leakage detected with color Doppler and pharmaco-
cavernosography (Vale et al. 1995). This minor sur-
gical procedure is preferred to implant surgery or to 
use of vacuum device (Keogan et al. 1996).
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6.6 
Complications

Minor complications following intracavernosal 
drug injection are common, while major complica-
tions are rarely observed. The patient can report 
modest pain or a burning sensation, followed by a 
sense of tension or rarely intense pain, especially 
when rigidity appears. Penile pain is independent 
of the erection and can be due to albuginea acute 
distension or the action of the chemical product on 
the intracorporeal sensitive structures. This form 
of pain during tumescence/erection is more com-
mon in subjects who have no erections (spontane-
ous or nocturnal) or after prostate surgery, probably 
due to an acquired stiffness of the cavernous tissue. 
The pharmacologically induced erection producing 
a sudden distension is also associated with pain. 
When the pain is persistent or not tolerated by the 
patient, the best therapeutic solution is to lie down 
and to administrate an analgesic or ansiolitic drug. 
To facilitate detumescence the patient can be invited 
to void spontaneously because this maneuver opens 
the bladder neck, which is contracted during erec-
tion and promotes detumescence.

Patients with rigid erection at the end of the pro-
cedure are invited to wait 90 min for a review. If 
detumescence has not occurred they are invited to 
wait another 60 min. If the erection persists with a 

RI >1.0, it is advisable to inject etilefrin to avoid un-
pleasant consequences.

When the induced erection is maintained over 
4.5 h an ischemic priapism is present, and treatment is 
mandatory. The patient may be anxious, restless and 
distressed, complaining of intense penile pain, with 
rigidity at clinical examination. Color Doppler shows 
the typical features of low-fl ow priapism, which are 
described in Chapter 10. In these cases the fi rst pro-
cedure is an intracavernosal injection of etilefrin and 
direct blood aspiration from the corpora cavarnosa 
by inserting two 16–18-G needles through the glans 
penis. It is advisable to perform a superfi cial anesthe-
sia of the glans with a 0.5 ml of lidocaine at 1% with a 
30-G needle in the site where the largest needles will 
be introduced. Exceptionally. a surgical procedure is 
necessary. Late complications can be observed after 
repeated cavernosal self injection with focal or diffuse 
corporal fi brosis, which are described in Chapter 18.
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with the remained being mixed or a combination 
of curvatures (Kadioglu et al. 2002). Although 
curvature is the most common deformity, other 
malformations can occur, including penile short-
ening, hinging, and indentations or bottle-neck 
confi gurations. Additionally, erectile dysfunction 
is a common (20–40%) associated fi nding; this may 
be generalized or localized (i.e., fl accidity limited 
to distal to the lesion). Patients often present be-
cause of diffi cult or painful (for the patient and/or 
the partner) intromission, erectile dysfunction, or 
penile shortening.

7.2  
Epidemiology and Natural History

Despite the well-described histology and variety of 
deformities, the epidemiology remains relatively 
vague and the etiology even more elusive. The re-
ported prevalence of the condition varies widely. 
Lindsay et al. reported 0.4% (1991), and Devine et 
al. 1% (1997). Sommer et al. (2002), analyzing over 
4,000 respondents to a questionnaire, reported a 
prevalence of 3.2%, with Peyronie’s disease defi ned 
as a palpable plaque. La Pera et al. (2001) reported 
a prevalence of 7%. In general, these studies have 
relied on questionnaires. More recently, Mulhall 
et al. (2004) reported on physician-identifi ed pe-
nile plaques found during a screening program for 
prostate cancer. Peyronie’s disease, defi ned as a 
palpable penile plaque, was found in 9%. In this 
population, a relatively high number (1/3) were 
found to have the plaque, but denied any penile 
deformity. The high prevalence found in this study 
may result from the fact that (1) the population 
screened consisted of older men compared to other 
studies and (2) a physician performed the exams, 

7.1  
Introduction and Presentation

In 1743, François Gigot de la Peyronie described the 
fi brous penile plaques that we now associate with 
his name. These plaques have been characterized 
histologically (Brock et al. 1997), ultrastructurally 
(Hirano et al. 1997), and, to some degree, molecu-
larly (El-Sakka et al. 1997b; Hirano et al. 1997; 
Magee et al. 2002). Although there is no universal 
consensus on the defi nition, most authors describe 
Peyronie’s disease as some combination of penile 
pain, deformity, and/or palpable plaque (Mulhall 
et al. 2004; Zargooshi 2004). In general, the penile 
deformity adopts a dorsal curvature although the 
manifestation may be protean. One series described 
46% dorsal curvature, 29% lateral, and 9% ventral, 
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thus discovering masses that the patients may not 
be aware of. It is not commented on in their study 
whether the 1/3 without deformity were aware that 
they had a penile mass. It is likely that this higher 
prevalence (up to 9%) is partially due to more men 
pursuing treatment for erectile dysfunction, since 
men may not recognize deviation or other deformi-
ties in the fl accid state.

Peyronie’s disease may be associated with other 
fi brotic disorders such as Dupuytren’s contracture 
or Lederhosen syndrome. Its association with vas-
cular comorbidities is controversial (Kadioglu et 
al. 2002; Mulhall et al. 2004; Usta et al. 2004), as 
is the role of overt trauma such as penile fracture 
(Zargooshi 2004).

Often, the disease state may be divided into an 
acute (or infl ammatory) phase and a chronic phase. 
During the former, there may be penile pain, even 
when fl accid, and there are often dynamic changes 
of the penile malformation. During the latter, pain 
(at least without intromission) resolves, and the 
malformation becomes stable in its characteristics. 
Contemporary series have reported a disappointing 
13% or less rate of spontaneous regression without 
intervention (Gelbard et al. 1990; Kadioglu et al. 
2002).

7.3  
Etiology

Despite historic suggestions that Peyronie’s disease 
might be the result of incest or intercourse with an 
uninterested partner (Dunsmuir and Kirby 1996), 
Peyronie’s plaques appear histologically and bio-
chemically to result from infl ammation (El-Sakka 
et al. 1997b). This has been used to support the long-
standing clinical suspicion that penile trauma plays 
a major, if not exclusive, role in the development 
of the plaques. Based on pathologic studies, Smith 
(1966) defi ned the cause of Peyronie’s plaques as 
tunical scarring resulting from vascular infl am-
mation between the tunica and the corporal tissue. 
Structurally, the tunica consists of an outer, lon-
gitudinally oriented layer with an inner, circularly 
oriented layer (Brock et al. 1997). Fibers radiate 
from this inner layer and act as struts to augment 
the septum and provide support. With even mini-
mal trauma, insertions of these struts may separate, 
with resultant bleeding and infl ammation. Devine 

postulated that, in older men, this process was 
more likely to occur, since tissues are less elastic 
and thereby more prone to disruption (Devine and 
Horton 1988). In addition, edema resulting from 
trauma may prevent egress of cytokines and related 
infl ammatory mediators, thus perpetuating the lo-
cal injury (Lue 2002). The infl ammatory process 
and aberrant wound healing lead to fi brosis, loss of 
elastic tissues, and excessive collagen deposition, 
which may account for the initial pain and subse-
quent penile plaque and deformity. In Peyronie’s 
disease there is increased collagen, with a higher 
ratio of collagen type III to I than in normal tunica 
albuginea, a loss of elastic fi bers, and increased fi -
brin deposits (Akkus et al. 1997; Brock et al. 1997). 
There are increased numbers of fi broblasts as well as 
infi ltration of infl ammatory cells, particularly early 
in the disease. In chronic disease, calcifi cation may 
be noted in up to 1/3 of cases. Several potential bio-
chemical pathways have been identifi ed, including 
transforming growth factor beta (TGFb) (El-Sakka 
et al. 1997a; El-Sakka et al. 1997b), plasminogen 
activator inhibitor type 1 (Davila et al. 2005), and 
osteoblast-stimulating factor 1 (Lue 2002). 

In general, the plaques are found peripherally, 
usually on the dorsal aspect of the penis. However, 
the abnormal tissue may extend beyond the palpa-
ble lesion (Iacono et al. 1993; Somers and Dawson 
1997), or even into the corporal tissue or intercaver-
nosal septum (Brant et al. 2007). An area of rela-
tive inelasticity and contracture results in both loss 
of length and ipsilateral deviation, as the normally 
elastic fi bers are replaced by relatively noncom-
pliant collagen-rich tissue. The inelasticity of the 
plaques may also impede the normal vasoocclusive 
mechanism of erection and thus leads to venous leak 
(Hellstrom and Bivalacqua 2000).

7.4  
Evaluation

Patients are usually given a preliminary diagnosis 
of Peyronie’s disease when they present with classic 
symptoms of the disease: penile mass, curvature, 
or pain. Objectively, clinicians may measure penile 
length, plaque size, penile curvature, and possibly 
induce an artifi cial erection in clinic with vasoac-
tive intracorporal injections. Various imaging mo-
dalities have also been used (Andresen et al. 1998); 
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we routinely perform ultrasonography due to its 
easy availability, low risk, and ability to image and 
quantify both calcifi ed and soft tissue elements of 
Peyronie’s disease as well as assess vascular status 
if a reconstructive procedure is being considered. 
Possible associated disorders (e.g., Dupuytren’s con-
tractures or vascular disease) and inciting events 
(e.g., trauma or genitourinary instrumentation) 
should be evaluated. It is important to establish the 
psychological effect of Peyronie’s disease on the pa-
tient as well as determine the extent of associated 
erectile dysfunction. It is often helpful to have the 
patient take photographs of the erect penis at home 
to characterize the deformity; if the patient can-
not or will not do this, an offi ce pharmacoerection 
should be performed.

7.5  
Treatment: Medical

It has been well recognized that the variety of treat-
ment options for Peyronie’s disease is in proportion 
to their overall disappointing results. Few of these 
agents have been found to be completely effi ca-
cious and almost all studies are epidemiologically 
hampered by low patient numbers, lack of control 
groups, lack of reproducibility, and an inability to 
distinguish effi cacy from spontaneous improvement 
of the disease process, especially with regard to pain 
where spontaneous resolution is generally the rule. 
Nonetheless, early medical intervention at the stage 
of evolving disease is likely to be more effi cacious 
than intervention when the disease is stable. 

Although vitamin E is likely the most commonly 
used agent for PD, controlled studies have not sup-
ported its superiority over placebo (Gelbard et al. 
1990). However, it may have a role in combined ther-
apy (Prieto Castro et al. 2003).

Potassium para-aminobenzoate (POTOBA) is 
an antifi brotic agent that has been used in a vari-
ety of disease states, and at least one placebo con-
trolled study demonstrated superiority in terms of 
decreased plaque size with treatment (Weidner et 
al. 2005). However, the medication is very diffi cult 
to take, with a poor taste and the potential for gas-
trointestinal side effects.

Colchicine is another antifi brotic agent, with ex-
cellent support from basic science and animal model 
investigations of Peyronie’s disease. Controlled 

studies in humans have given mixed results (Prieto 
Castro et al. 2003; Safarinejad 2004). Similar to 
POTOBA, gastrointestinal side effects are relatively 
common. Additionally, it may cause bone marrow 
suppression. Due to the diffi culties in taking these 
medications, POTOBA and colchicine are no longer 
commonly used in contemporary management of 
Peyronie’s disease. 

Pentoxifylline has been used in humans in a va-
riety of infl ammatory and fi brotic conditions. The 
mechanism is not fully known; pentoxifylline blocks 
the TGF-beta 1-mediated pathway of infl ammation, 
prevents deposition of collagen type I, and acts as a 
non-specifi c PDE inhibitor. Valente et al. (2003) have 
demonstrated that both sildenafi l and pentoxifylline 
reduce the plaque size in tunical fi brosis induced by 
injection of transforming growth factor (TGF) beta-1. 
Encouraged by pentoxifylline’s observed suppression 
of collagen production in Peyronie’s cells in tissue 
culture as well as its effi cacy in other human fi brotic 
disorders, we have been offering patients treatment 
with pentoxifylline as an option for Peyronie’s dis-
ease since 2002 (unpublished data).

Verapamil, a calcium-channel blocker, has been 
used successfully when injected directly into the 
lesion, although poorer effects were noted when 
the drug was injected subcutaneously (Brake et 
al. 2001) or used as a topical ointment (Martin et 
al. 2002). Although it has been diffi cult to perform 
controlled studies due to the invasive nature of the 
treatment, a small controlled study did demonstrate 
improvement in curvature, plaque volume, and 
erectile function (Rehman et al. 1998). Verapamil 
has also been given via an electromotive transder-
mal system.

Interferon alpha-2b has also been given as an 
intralesional injection. Uncontrolled studies have 
had mixed results, but at least one controlled trial 
showed improvement in curvature, plaque size, 
pain, and blood fl ow (Dang et al. 2004; Hellstrom 
et al. 2006). Unfortunately, the injections are expen-
sive and can cause fl u-like symptoms. 

Extracorporeal shockwave lithotripsy has been 
generally disappointing and a recent, novel approach 
to perform a placebo-controlled trial demonstrated 
possible improvement in pain, but no improvement 
in penile curvature (Hatzichristodoulou et al. 
2006). Radiation has also been disappointing and 
also may compromise erectile function (Incrocci 
et al. 2000). Contemporary evidence does not sup-
port either of these two approaches for treatment of 
Peyronie’s disease.
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7.6  
Treatment-Surgical

Although it is beyond the scope of this chapter to 
discuss the specifi cs of reconstructive surgery for 
Peyronie’s disease, several general points should 
be made. It is imperative to wait until the disease 
has reached a stable phase prior to contemplating 
surgical intervention. Surgical approaches generally 
fall into three categories: plication, grafting, and 
prosthesis. The three most important preoperative 
criteria are: (1) patient erectile function, (2) abil-
ity to penetrate (i.e., the extent of the deformity, 
including hinging and curvature), and (3) patient 
expectations. 

Three general procedures are available for correc-
tion: (1) for a penis of adequate length and adequate 
erectile function, perform a straightening proce-
dure, either non-incisional or incisional; (2) for a 
very short penis or one with an deformity (such as an 
hourglass or severe indentation) with good erectile 
function, apply a biologic graft (either autograft or 
xenograft); (3) for curvature associated with severe 
erectile dysfunction, place an infl atable prosthesis 
and perform associated procedures (grafting, plica-
tion, or modeling) if the prosthesis alone does not 
provide adequate straightening. A grafting proce-
dure, using either autologous or xenograft material, 
may help the patient regain some degree of penile 
length lost from the underlying fi brosis, but there 
is an attendant risk of de novo erectile dysfunction. 
Patients, especially those with baseline erectile dys-
function, must be aware of this, and should always 
be counseled regarding the option of a penile pros-
thesis. We inform patients that a prosthesis may be 
placed at a later date, should the need arise. In high 
risk patients, it may even be preferable to perform a 
two-stage procedure, as the substantial increase in 
operative time if both grafting and prosthesis are 
performed at the same setting may carry a higher 
risk of perioperative prosthetic infection.

An additional important factor in preoperative 
counseling is to address patient expectations about 
postoperative penile length. Many patients are un-
derstandably distraught about the penile shortening 
that often accompanies Peyronie’s disease. How-
ever, they often have an unrealistic recollection of 
their past erectile length, and we rarely can demon-
strate this in any objective fashion, since we seldom 
have premorbid penile measurements available. The 
stretched penile length is routinely documented in 

the patient record, and he is made aware that the 
grafting procedure is usually limited to adding 1/2 
to 1 inch to the stretched fl accid length. Patients 
need to be educated that a simple plication surgery 
may result in a straight erection, but will not restore 
any length, and thus overall length is lost; a graft-
ing procedure may restore some length, but cannot 
exceed more than 1 inch above the stretched length 
of the penis.
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8.1  
Background

Peyronie’s disease is characterized by formation of 
fi brous tissue plaques within the tunica albuginea 
causing penile pain, deformity, and shortening. As 
illustrated in Chapter 7, the diagnosis is based on 
medical history, autophotography, and a clinical ex-
amination with plaque palpation. Ultrasound and 
other imaging modalities are confi rming and allow 
accurate evaluation of disease extent and assess-
ment of associated erectile dysfunction.

8.2  
Evaluation Technique

Ultrasound evaluation of patients with Peyronie’s dis-
ease requires pharmacologically induced erection. Af-
ter careful palpation of the penile shaft while fl accid, 
prostaglandin E1 is injected within the corpora caver-
nosa, usually at a dose of 10 µg, followed by a further 
10 µg if there is a suboptimal erectile response. 

Careful ultrasound evaluation of the tunica al-
buginea is obtained along longitudinal and trans-
verse planes with high-frequency linear probes. In 
general, the higher the ultrasound frequencies, the 
better detail is obtained. Use of real time spatial 
compounding and of adaptive image-processing 
technique may be useful to reduce artifacts and dy-
namically enhance margins, improving visualiza-
tion of tissue conspicuity and increasing diagnostic 
confi dence in evaluation of the tunica albuginea and 
of the plaques (Fig. 8.1).

After plaque assessment, Doppler interrogation 
of all visible vessels should be done, and the erectile 
response of the patient should be evaluated. Doppler 
spectra are recorded on both cavernosal arteries un-
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der the guidance of color signal measuring peak sys-
tolic velocity and end diastolic velocity for at least 
30 min after prostaglandin E1 injection. Anatomical 
variations, arterial vascular communications, and 
leakage pathways identifi ed along the penile shaft 
should be interrogated, with specifi c notice to ves-
sels adjacent to the plaques. 

8.3  
Grey-Scale Ultrasonography

When suitable transducers are used, an excellent 
evaluation of the tunica albuginea and of the plaques 
is obtained. The degree and direction of penile curva-
ture, location, extent, echogenicity, and morphology 

of the plaques should be considered, as well as the 
presence of calcifi cations and involvement of adjacent 
structures. In patients undergoing medical treatment 
ultrasound enables us to detect areas of disease prog-
ress during the follow-up that would have been missed 
upon clinical palpation (Wegner et al. 1997).

8.3.1  
Evaluation of the Tunica Albuginea

Subjectively, the tunica albuginea of patients with 
Peyronie’s disease is perceived as globally thickened 
and more echogenic than in most of the patients with 
other penile pathologies, even in locations in which 
no circumscribed plaques are identifi ed. Microcal-
cifi cations can be occasionally identifi ed also in re-
gions in which the tunica albuginea does not appear 
defi nitely thickened. In this context, circumscribed 
plaques are identifi ed as more pronounced, measur-
able, and irregularly thickening (Amin et al. 1993). In 
our experience, about 5% of patients with Peyronie’s 
disease do not present with circumscribed plaques, 
but with measurable thickening of the entire tunica 
albuginea (Fig. 8.2). These patients usually present 
with erectile dysfunction, severe penile shortening, 
and variable degrees of penile bending depending 
on whether there are circumscribed areas in which 
diffuse albugineal thickening is more pronounced. 

Fig. 8.2. Patient with Peyronie’s disease presenting with 
severe penile shortening and erectile dysfunction. No sig-
nifi cant penile bending was appreciable. Grey-scale ultra-
sonography shows diffuse thickening of the entire tunica 
albuginea (arrowheads)

Fig. 8.1a,b. Peyronie’s disease. Axial images of the penile 
shaft obtained on the same section both with conventional 
grey-scale ultrasonography and with real time spatial com-
pound imaging. a Conventional grey-scale ultrasonography 
shows thickening of the dorsal aspect of the tunica albugin-
ea. b Spatial compound imaging identifi es a distinct plaque 
(arrowheads) and better delineates its extension

a

b
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8.3.2  
Echogenicity of the Plaques

The echoes from the tunica albuginea are specu-
lar ref lections and thus are demonstrated with 
efficiency only when the ultrasound beam is per-
pendicular to them. Perpendicular insonation, in 

particular, is of paramount importance to evalu-
ate the echogenicity of the plaques. In fact, in 
our experience, the vast majority of non-calci-
fied plaques are isoechoic or slightly hyperechoic 
compared with the surrounding tunica albuginea. 
Hypoechoic plaques are rare (Fig. 8.3). Echogenic 
plaques might appear as hypoechoic due to in-
correct insonation in patients with insufficient 
penile turgidity or when plaque visualization is 
hampered by artifacts such as acoustic shadow 
produced by the penile septum (Fig. 8.4) or by 
extensive albugineal fibrotic changes. In fact, in 
contrast to the common belief, in our experience 
hypoechoic appearance of the plaque is usually 
a consequence of beam attenuation in patients 
with disease stabilization (Fig. 8.5) rather than 
a sign of inf lammation in the active state of the 
disease.

Fig. 8.3a–c. Patients with Peyronie’s disease presenting with 
dorsal plaques of different echogenicity (arrowheads). Lon-
gitudinal scans on the ventral aspect of the penis. a Hyper-
echoic plaque. b Isoechoic plaque. c Hypoechoic plaque

a

b

c

Fig. 8.4a,b. Pitfalls in evaluating echogenicity of the plaque. 
Grey-scale ultrasonography of a the fl accid and b the erect 
penis showing images of the same plaque (arrowheads). a 
The plaque appears as hypoechoic while fl accid due to incor-
rect insonation and artifacts produced by the penile septum. 
b When maximum erection is reached the plaque appears 
as hyperechoic

a

b
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8.3.3  
Calcifi cations

Detection of plaque calcifi cations allows diagno-
sis of disease stabilization and provides informa-
tion useful to select patients for lithotripsy therapy 
(Wilkins et al. 2003). Ultrasound shows 100% sen-
sitivity in detecting and measuring gross calcifi ca-
tions of the plaques. The detection rate of micro-
calcifi cations increases when the highest frequency 
probes and real time spatial compounding are used 
(Fig. 8.6). Acoustic shadowing produced by exten-
sive calcifi cation of the plaques can reduce visibility 
of associated pathological changes of the corpora 
cavernosa. These limitations are reduced using care-
ful examination techniques.

8.3.4  
Position, Extent and Morphology of the Plaques

Plaque size and location, degree, and direction of 
the penile curvature (dorsal, ventral, lateral, or some 
combination) present a considerable concern when 
deciding on intervention.

Peyronie’s plaques are more often located on 
the dorsal aspect of the penis, but they can also be 
found ventrally or, less frequently, in other positions 
(Fig. 8.7). Circumscribed plaques present with focal 
thickening of the albuginea corresponding to the site 
of penile bending. Annular plaques produce hour-
glass deformity: the girth of the corpora cavernosa 
is reduced at the site of the plaque, compared with 
the more proximal and distal regions of the shaft. 
Measurement of the size of the corpora cavernosa in 
different portions of the penis while erect is useful 
to assess the severity of the deformity. 

8.3.5  
Involvement of Adjacent Structures

In patients with Peyronie’s disease preoperative 
recognition of penile septum involvement is im-
portant because it contraindicates plaque removal 
with grafting. Grey scale ultrasonography allows 
the recognition of plaque involvement of the pe-
nile septum when its normal ultrasonographic 
features are replaced by inhomogeneous tissue 
with echogenicity similar to the adjacent plaque. 
Small and large calcifi cations may be present. This 
pathological situation is most often observed in 
patients with large dorsal plaques, but can occur 

Fig. 8.5. Pitfalls in evaluating echogenicity of the plaque. 
Patient with a large dorsal plaque showing a relatively hy-
poechoic area in the region of maximum albugineal thicken-
ing (*) produced by attenuation of the ultrasound beam

Fig. 8.6a,b. Calcifi ed dorsal plaques. Longitudinal scans on the ventral aspect of the penis. a Isoechoic plaque showing small 
calcifi cations (arrowheads). b Extensively calcifi ed plaque (open arrow) presenting with back attenuation

a b
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also in patients with ventral plaques. The relation-
ships between the plaques and the penile vascula-
ture should be evaluated as well. In particular, in 
patients with extensive dorsal plaques encasement 
of the neurovascular bundle can occur (Montorsi 
et al. 1994). This condition must be identifi ed be-

fore surgical correction of the curvature to mini-
mize the risk of postoperative penile numbness. 
Plaque encasement of the cavernosal arteries is 
rare (Bertolotto et al. 2002), but must be identi-
fi ed as a cause of arteriogenic erectile dysfunction 
(Fig. 8.8). 

Fig. 8.7a–c. Unusual location of Peyronie’s plaques (arrow-
heads). a Axial scan on the ventral aspect of the penis show-
ing a partially calcifi ed ventral plaque. b Axial scan on the 
right lateral aspect of the penis showing a partially calcifi ed 
right-lateral plaque. c Longitudinal scan on the distal por-
tion of the penis showing a dorsal plaque on the tip of a 
corpus cavernosum

a

b

c

Fig. 8.8a–c. Peyronie’s plaques (*) involving the adjacent 
structures. a Axial scan showing involvement of the penile 
septum. b Longitudinal scan showing encasement of the cav-
ernosal artery (arrowheads). c Color Doppler longitudinal 
scan showing encasement of the dorsal artery (arrowheads)

c

a

b
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8.4  
Doppler Ultrasonography

Color Doppler ultrasonography and duplex Doppler 
interrogation of the cavernosal arteries provide infor-
mation on penile arterial infl ow and venous outfl ow, 
which is useful to plan surgical or medical interven-
tion. In particular, in patients with Peyronie’s disease 
there is a higher incidence of venous leakage than in 
the age-matched control population (Kadioglu et al. 
2000). While in normal erection venules draining the 
corpora cavernosa are passively compressed between 
the expanding corporeal tissue and the tunica albu-
ginea, in patients with Peyronie’s disease corporeal 
compliance is decreased, preventing venous com-
pression (Montorsi et al. 1994). This mechanism is 
particularly evident adjacent to large circumscribed 
plaques producing severe penile bending or hour-
glass deformity and can result in widespread venous 
occlusive dysfunction or in localized venous leakage 
at the site of fi brotic plaque. 

Duplex Doppler interrogation of cavernosal arter-
ies allows diagnosis of widespread venous occlusive 
dysfunction when high velocity, low resistance fl ows 
are recorded (Montorsi et al. 1994). In patients with 
plaque-related leakage normal cavernosal waveform 
changes are usually recorded, while leakage pathways 
are identifi ed at color Doppler ultrasound adjacent to 
the plaque (Fig. 8.9). Moreover, there is Doppler evi-
dence that in patients with severe Peyronie’s disease 
cavernosal-spongiosal communications near the 
plaques remain patent with a higher peak systolic 
velocity and lower resistance index compared to the 
other cavernosal-spongiosal communications, sup-
porting the hypothesis that blood leakage can occur 
also through these vessels (Bertolotto et al. 2002). 

Although alteration of the venous occlusive 
mechanism has been claimed to be present in a high 
percent of Peyronie’s patients with erectile dys-
function (Weidner et al. 1997), the role of arterial 
infl ow must be investigated. In fact, color Doppler 
ultrasonography shows associated arterial insuffi -
ciency in 30%–50% of these patients ( Kadioglu et 

Fig. 8.9. Plaque-related 
venous leakage. An-
nular plaque producing 
hourglass deformity and 
reduced turgidity in the 
distal portions of the 
corpora cavernosa and 
glans. Doppler inter-
rogation shows venous 
fl ows at the level of pe-
nile deformation due to 
incomplete distension of 
the erectile tissue
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al. 2000). As mentioned before, plaque encasement 
of the cavernosal arteries is rare, but must be con-
sidered as a possible cause of arteriogenic erectile 
dysfunction. A clinically relevant reduction of pe-
nile arterial infl ow results from bilateral cavernosal 
artery encasement or from unilateral encasement 
in men with widespread arterial disease. Doppler 
interrogation of the involved cavernosal artery 
distal to the plaque usually shows absence of fl ows 
or abrupt reduction of the peak systolic velocity 
(Ralph et al. 1992; Ahmed et al. 1998). Refi lling 
from distal collaterals can present with cavernosal 
artery fl ow reversal.

When evaluating the penis of patients with Pey-
ronie’s disease before grafting, perforating collateral 
vessels should be detected, assessing their relation-
ships with the plaque. In fact, shortening surgical 
procedures are preferred to correct dorsal curva-
ture in patients with arterial perforating collater-
als between the dorsal and the cavernosal arteries 
in order to preserve these vessels, which if injured 
might contribute to postoperative erectile dysfunc-
tion (Kadioglu et al. 2000).

Some investigators claim that in patients with 
Peyronie’s disease Doppler analysis can reveal hy-
perperfusion around the plaques as a sign of in-
fl ammation in the active state of the disease, while 
absence of color signals around the plaques should 
be considered as a sign of disease stabilization 

( Carbone et al. 1999; Fornara and  Gerbershagen 
2004). Other investigators, however, failed to con-
fi rm these fi ndings. In fact, the presence or absence 
of fl ow in microvascular structures cannot be de-
termined with Doppler techniques. In our experi-
ence, detection of color signals around the plaques 
usually results from patency of leakage pathways, 
from emissary veins passing through the plaque, or 
from twinkling artifacts produced by calcifi cations 
(Fig. 8.10).

8.5  
Diff erential Diagnosis

During ultrasound evaluation of patients referred 
for Peyronie’s disease, other possible causes of pe-
nile bending and induration must be considered. 
The most common conditions that enter in the dif-
ferential diagnoses include: congenital curvature of 
the penis, chordee with or without hypospadia, dor-
sal vein thrombosis (Hakim 2002), albugineal scar 
and cavernosal fi brosis secondary to local trauma, 
chronic infl ammation, scleroderma (Chen et al. 
2001), benign or malignant primary or secondary 
tumors. In particular, epithelioid sarcoma of the 
penis is a rare, slowly growing mesenchymal neo-

Fig. 8.10a,b. Color Doppler ultrasound scans. Calcifi ed dorsal plaques (*). Normal penile vessels simulating plaque vascular-
ization. a Axial scan showing left dorsal artery (open arrow) and an emissary vein passing through the plaque (arrowhead). 
b Communication between the cavernosal and the dorsal artery (arrowhead) passing though the plaque

a b
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plasm that may manifest as focal induration and 
mimic Peyronie’s disease (Sirikci et al. 1999; Usta 
et al. 2003). Although rare, this lesion should be 
considered in the differential diagnosis of growing 
plaques. 

Also isolated fi brosis of the penile septum (Brant 
et al. 2007) and ventral curvature secondary to fi bro-
sis and scarring of the corpus spongiosum, which 
can result from urethral instrumentation, should be 
considered (Afsar and Sozduyar 1992). The ultra-
sound features of these pathological conditions are 
described in other chapters.

8.6  
Diagnostic Role of Other
Imaging Modalities

X-rays in mammography technique and CT are 
able to detect calcifi cations of Peyronie plaques 
and to determine the degree of plaque calcifi cation 
( Andresen et al. 1998). Non-calcifi ed plaques, how-
ever, cannot be shown accurately. The information 
gained by these methods does not support the use 
of ionizing radiation for this purpose (Fornara and 
Gerbershagen 2004).

Dynamic infusion cavernosometry and caver-
nosography have been used in the past to evaluate 
erectile function in patients with Peyronie’s disease 
(Jordan and Angermeier 1993; Hakim 2002). This 
procedure is an effective means to obtain objective 
information on the presence of abnormal venous 
drainage that is either diffuse or localized at the 
site of the plaques, but is no longer performed on 
Peyronie’s disease patients because of its invasive-
ness and potential risks of severe complications. An 
excellent correlation was found between the diag-
nosis of veno-occlusive dysfunction with caverno-
sometry/cavernosography and with duplex Doppler 
interrogation of the cavernosal arteries (Lopez and 
Jarow 1993). In fact, in patients with Peyronie’s dis-
ease enough clinically useful information on erec-
tile function is obtained non-invasively with Dop-
pler techniques.

Magnetic resonance imaging is at least as sensi-
tive as ultrasonography to determine the extent of 
plaque formation and to assess whether the cor-
pora cavernosa and the penile septum are involved 
( Vossough et al. 2002). Moreover, magnetic reso-
nance imaging is more sensitive than grey scale 

ultrasonography in assessing non-calcifi ed plaques 
at the penile basis (Hauck et al. 2003) and can be 
useful during the follow-up of patients undergoing 
conservative pharmacologic treatment as an objec-
tive measure of therapeutic response.

Plaques appear as thickened and irregular low 
signal intensity areas on T1- and T2-weighted im-
ages in and around the tunica albuginea, which are 
best seen on T2-weighted images (Pretorius et al. 
2001). A diffuse, irregular plaque-like thickening 
of the tunica albuginea can be recognized as well 
(Fig. 8.11). Extension of the plaque into the corpora 
cavernosa or penile septum is seen as areas of ir-
regular dark signal intensity.

Several authors suggest that after intravenous 
gadolinium administration enhancement of the 
plaque offers information regarding the presence 
of active infl ammation within or around the plaque 
(Andresen et al. 1998). This procedure could there-
fore be useful in guiding appropriate therapeutic 
strategy and timing by depicting the stage of the 
disease. Magnetic resonance imaging, however, 
is an expensive imaging modality and is not com-
monly used in our clinical practice to evaluate pa-
tients with Peyronie’s disease. In fact, infl ammation 
causes pain. Examination and medical history usu-
ally provide enough clinically useful information. 

Fig. 8.11. Magnetic resonance imaging appearance of Pey-
ronie’s disease. Parasagittal T2-weighted image of the pe-
nis obtained after intracavernosal prostaglandin injection 
shows penile deformation and diffuse, irregular thickening 
of the tunica albuginea
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Moreover, these fi ndings are questionable. While a 
correlation between plaque enhancement character-
istics, pain, and histologically proved infl ammation 
has been demonstrated by some authors (Andresen 
et al. 1998), other investigators found no correlation 
between plaque enhancement and pain symptom-
atology (Vosshenrich et al. 1995). Finally, signal 
from microvessels may be diffi cult to distinguish 
from enhancement of larger vessels such as dor-
sal arteries and veins, especially when the plaque 
is located dorsally and, as occurs for other organs 
and lesions, diffusion of gadolinium within fi brotic 
plaques may result in artifactual enhancement. 
Evaluation of contrast enhancement curves after 
gadolinium administration might be useful to dif-
ferentiate plaque vascularity from late enhancement 
of fi brous tissue. 
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9.1 
Background

Priapism is defi ned as a persistent erection of the pe-
nis not accompanied by sexual desire or stimulation, 
usually lasting more than 6 h and typically involving 
only the corpora cavernosa and resulting in dorsal pe-
nile erection with the ventral penis and glans being 
fl accid (Keoghane et al. 2002). Rare exceptions with 
involvement of the corpus spongiosum and sparing of 
the cavernosal spaces have been reported (Tarry et al. 
1987). This condition has many different causes and in 
some cases can be a urological emergency. The recently 
published American Urological Association Guideline 
on the management of priapism sheds further light on 
the management of this potentially emergent condi-
tion, but the guideline does not establish a fi xed set of 
rules or defi ne the legal standard of care for the treat-
ment of priapism (Montague et al. 2003).

9.2 
Incidence

In a population-based, retrospective cohort study, the 
incidence of priapism was found to be 1.5 per 100,000 
person-years and 2.9 per 100,000 person-years for men 
aged 40 years and older (Eland et al. 2001). For men 
using intracorporal injections to treat erectile dysfunc-
tion, the incidence ranges from 1% for the patients 
who receive prostaglandin E1 to 17% for patients who 
receive papaverine (Linet and Ogrinc 1996). In chil-
dren with sickle cell anemia, the incidence is reported 
to range from 6–27% (Tarry et al. 1987; Ewalt et al. 
1996b). In adults, the incidence increases up to 42% 
(Emond et al. 1980). A different study in this popula-
tion reports 89% of males with sickle cell anemia will 
have an episode of priapism by age 20. The mean pe-
riod is 125 min per event (Mantadakis et al. 1999).
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9.3  
Etiology and Pathophysiology of Priapism

In broad terms, priapism may be regarded as an 
alteration of imbalance between arterial infl ow and 
outfl ow. Burnett (2003) has recently reviewed the 
pathophysiology of priapism and suggested derange-
ments in the diverse systems of regulatory control 
in erectile function. These dysregulatory functions 
include possible overactivity of the veno-occlusive 
mechanism, arterial infl ow, or neurogenic processes 
that can affect infl ow or outfl ow. Conversely, the 
problem may be secondary to malfunction of the 
normal contractile activities of cavernosal smooth 
muscle cells.

The etiology of priapism has been traditionally 
divided into primary or idiopatic and secondary to 
some other condition or disease process. However, 
in accordance with Pryor (2004), for the purposes 
of clinical management, it is appropriate to distin-
guish between high-fl ow, low-fl ow, and recurrent or 
stuttering priapism.

9.4  
Low-Flow Priapism

The spectrum of clinical symptoms and signs of 
low-fl ow, ischemic or anoxic priapism is analogous 
to those found in other compartment syndromes. 
It is a prolongation of a normal painful erection 
and in the idiopathic form is frequently present on 
walking. During erection there is smooth muscle 
relaxation in the cavernous arteries and tissue, 
associated with increased arterial infl ow and de-
creased venous outfl ow. The intracorporal pressure 
may rise above mean arterial pressure and the in-
fl ow of blood then ceases. The persistence of erec-
tion and failure of detumescence, the persistent 
relaxation and failure of contraction of cavernous 
smooth muscle, are associated with increasing an-
oxia, a rising pCO2 and acidosis (Broderick and 
Harkaway 1994). The prolonged erection becomes 
painful after a variable length of time; therefore, 
patients are warned to seek urgent medical atten-
tion for an erection lasting more than 4 h. Early 
relief is associated with return of normal fl accidity, 
but more prolonged ischemia is associated with 
tissue edema.

Histological studies have shown a defi ned pat-
tern of the pathology (Spycher and Hauri 1986). 
Interstitial edema and thickening are present up to 
12 h. By 24 h, endothelial thrombocytic adherence is 
present, and by 48 h, necrosis of cavernosal smooth 
muscle cells and fi broblast proliferation has oc-
curred, which may result in subsequent fi brosis and 
calcifi cation. 

In organ-bath preparations using isolated rab-
bit corpus cavernosum, Broderick et al. (1994) 
suggest that corporeal smooth muscle tone, spon-
taneous contractile activity and the response to 
 α- agonists depends on the state of corporal oxy-
genation. These observations might be an expla-
nation for the failure of locally administered α-
 antagonists to relieve ischemic priapism because 
of smooth muscle paralysis. 

Daley et al. (1996a) documented a signifi cant 
reduction in prostacyclin (PGI-2) production dur-
ing hypoxia in rabbit corpus cavernosal cells, 
which was attributed to inhibition of the enzyme 
PG-2 synthase. In view of the role of PGI-2 as an 
inhibitor of platelet aggregation and white cell ad-
hesion, these studies may provide some insight into 
the changes in corporeal hemostasis during isch-
emic priapism. Further studies have shown that 
re-oxygenation of these hypoxic rabbit cavernosal 
cells generates oxidative stress that interferes with 
the recovery of prostanoid production (Daley et 
al. 1996b).

The production of nitric oxide (NO) in the cor-
pus cavernosum is altered by hypoxia because NO 
synthase activity is affected by changes in oxygen 
tension (Kim et al. 1993). During veno-occlusive 
ischemic priapism, the entrapped pool of blood that 
is initially at arterial oxygenation becomes progres-
sively hypoxic. The combined reduction of PGI-2 
and NO expected under hypoxic conditions would 
favor platelet aggregation and white cell adhesion, 
leading to thrombus formation and tissue damage.

The end result of muscle necrosis after priapism 
is fi brosis, which may be patchy in distribution, and 
it is thought that TGF-beta has an important role in 
this process

9.4.1  
Etiology of Low-Flow Priapism

Nieminen and Tammala (1995) found that in 21% 
of cases the cause of priapism was intracaverno-
sal injection of a vasoactive agents. Papaverine has 
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been associated with a 5% risk at initial diagnostic 
testing, but with a much lower risk when used as 
therapy (Junemann and Alken 1989); most cases 
of priapism were in patients with psychogenic or 
neurogenic impotence.

Pohl et al. (1986) evaluated various etiologies for 
priapism in a study of 230 single case reports in the 
literature: idiopathic causes comprised one-third of 
the cases, whereas 21% were attributed to alcohol 
abuse or medications.

The incidence range of priapism following injec-
tion of prostaglandin E1 is around 1% (Porst 1996). 
The most likely cause of prolonged erection as a 
result of intracavernous injection therapy is over-
dose.

Sildenafi l is an orally active agent for the treat-
ment of erectile dysfunction, and in well-controlled 
trials the incidence of priapism appears extremely 
low, although it has been anecdotally reported in 
post-marketing surveillance studies.

Drug-induced priapism has been reported with 
a variety of medications, most commonly related 
to the antihypertensive drugs guanethidine, pra-
zosin, hydralazine and the anticoagulants, includ-
ing intravenous heparin, and the oral coumarins 
(Routledge et al. 1998). Generally priapism oc-
curred after cessation of anticoagulant therapy, 
thus resulting in a rebound hypercoagulable state. 
Priapism has been reported with a variety of cen-
trally acting drugs including the phenothiazines, 
paroxetine, fl uoxetine and trazodone and cocaine 
may have synergistic effects in promoting priapism 
(Jiva and Anwer 1994; Bertholon et al. 1996). 
Cocaine-induced priapism has been reported in 
association with topical application to enhance 
sexual performance and intranasal and intracav-
ernous injections. Priapism has also been reported 
in association with the recreational drug ecstasy 
(Dubin and Razack 2000). 

Examples of neurologic etiologic factors include 
priapism in patients with degenerative stenosis of the 
lumbar canal, priapism secondary to cauda equine 
syndrome and herniated disk (Baba et al. 1995).

Trauma to the perineum, penis or groin, while 
usually resulting in high-fl ow priapism, can result 
in venous compression secondary to penile hema-
toma or edema.

Different solid tumors have been associated with 
priapism, including both bladder and prostate can-
cer (Schroeder-Printzen et al. 1994). Malignant 
priapism has been reported as the initial presenta-
tion of metastatic renal cell cancer, metastatic tu-

mors of the gastrointestinal tract and rarely from 
testis, lung, liver cancer, bone tumors and sarcomas 
as a result of invasion of both the corpora cavernosa 
and the corpus spongiosum. Besides infi ltration of 
the corpora cavernosa, priapism may result from 
infi ltration of the perineal veins producing venous 
drainage impairment (Krco et al. 1984; Chan et 
al. 1998).

Total parenteral nutrition, appendicitis, amyloid 
and rabies have all been reported as rare causes of 
priapism (Dutta 1992; Dutta 1994; Friedman 
1998).

9.5  
High-Flow Priapism

This situation is less common than low-fl ow pria-
pism and can be classifi ed as congenital due to ar-
terial malformations, traumatic usually associated 
with penile, perineal or pelvic trauma, iatrogenic 
following revascularization procedures or idio-
pathic. The local blood gas tension in these patients 
is arterial, and therefore the penis is not at risk of 
ischemia and subsequent fi brosis.

The onset of a post-traumatic, high-fl ow priapism 
may occur up to 72 h after the injury. Pain is never 
as severe as in an ischemic priapism: the penis is of-
ten not maximally rigid and pulsation may be rec-
ognized.

A mechanism for the pathophysiology of high-
fl ow priapism is described by Bastuba et al. (1994). 
Unlike a traditional arteriovenous fi stula, the con-
dition is described as an arterial-lacunar fi stula 
where the helicine arteries are bypassed, and the 
blood passes directly into the lacunar spaces. The 
high-fl ow in the lacunar space creates shear stress 
in adjacent areas, leading to increased nitric oxide 
release, activation of the cGMP pathway, smooth 
muscle relaxation and trabecular dilatation. These 
authors also postulate that the delay in onset of 
high-fl ow priapism may be secondary to a delay in 
the complete necrosis of the arterial wall after the 
initial trauma or secondary to clot formation at the 
site of injury followed by the normal lytic pathway, 
which progresses in a few days.

A rare condition associated with high-f low pri-
apism is Fabry’s disease, which may be caused by 
an unregulated high arterial inf low (Foda et al. 
1996).
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9.6  
Recurrent or Stuttering Priapism

Priapism is associated with the hyper-viscosity syn-
drome, the most common of which is sickle-cell dis-
ease, which still ranks as the most frequent cause of 
priapism in children (Miller et al. 1995). In boys 
with sickle cell disease the incidence of priapism is 
of 18–27% (Ewalt et al. 1996a). This poorly under-
stood condition is uncommon and not confi ned to 
men with sickle cell disease. The erection usually 
presents during sleep, and detumescence does not 
occur upon waking. These erections usually do not 
become painful for about an hour. Serjant et al. 
(1985) described “stuttering” nocturnal attacks in 
42% of Jamaican adults with homozygous sickle-cell 
disease. Recurrent episodes may result in a mark-
edly enlarged penis with fi brotic corpora, which may 
later lead to erectile dysfunction.

Other hemoglobinopathies including the rare 
unstable haemoglobin Hb Olmsted, thrombophilia, 
leukemias and myeloma and erythropoietin therapy 
have also been associated with priapism (Quigley 
and Fawcett 1999).

9.7  
Diagnosis of Priapism

A thorough history and physical examination are 
prerequisites to diagnostic accuracy. The funda-
mental aim of the initial phase of assessment is to 
distinguish arterial from ischemic priapism. The 
sexual and medical history should especially focus 
on medications, trauma and predisposing comor-
bidities. Presence or absence of pain is a fairly reli-
able predictor of low-fl ow versus high-fl ow priapism, 
respectively. Absence of pain in arterial priapism 
frequently results in less patient anxiety and dis-
comfort as compared with veno-occlusive priapism. 
Consequently, patients with arterial priapism may 
present days or even weeks after the original injury 
(Ricciardi et al. 1993).

Physical examination of the penis is critical and 
typically reveals fi rm corpora cavernosa and a soft 
glans, indicating sparing of the corpus spongiosum in 
low-fl ow priapism. Findings in high-fl ow states usu-
ally reveal a partial to full erection and sparing of the 
corpus spongiosum in most cases (Burnett 2003).

General diagnostic tests include urine toxicology 
screening for psychoactive drugs and metabolites of 
cocaine. It has additionally suggested reticulocyte 
count, urinalysis, complete blood count, platelets 
and differential white blood cell count. 

Urologic management of priapism requires as-
sessment of corporal blood fl ow status with corporal 
aspirate, visual inspection by color and consistency 
or corporal blood, and blood gas analysis including 
pH, pO2, and pCO2. As described in Chapter 10, color 
Doppler ultrasonography is the imaging modality of 
choice (Berger et al. 2001).

Low-fl ow priapism is suggested by fi nding low ox-
ygen tension, high carbon dioxide and low pH in the 
blood gas analysis of the aspirate. When a high-fl ow 
state is suspected based on the bright red appear-
ance or blood gas analysis of the corporal aspirate, 
color Doppler ultrasound is indicated to identify the 
arterial sinusoidal fi stula. 

In patients with low-fl ow states the degree of cav-
ernosal blood acidosis can give an indication of the 
urgency of treatment. A pH less than 7.10 refl ects the 
need for immediate treatment also with aggressive 
management options because the tissue is at risk for 
necrosis (Lue et al. 1986)

9.8  
Treatment of Priapism

Therapeutic options for low-fl ow and high-fl ow pria-
pism are essentially different, refl ecting profound 
differences in etiology and pathophysiology. While 
ischemic priapism is a urological emergency that 
must be treated immediately, also using invasive 
procedures, patients with high-fl ow states are in 
general at low risk of developing irreversible erec-
tile dysfunction and can be managed more conser-
vatively.

9.8.1  
Treatment of Low-Flow Priapism

Therapy is based on the underlying cause and will 
typically follow a pattern of least invasive to more 
invasive procedures. Any primary factors involved 
in the cause of the priapism should be addressed 
and treated. Pain and anxiety also require therapy, 
which includes the use of parenteral opioids and an 



  Pathophysiology and Treatment of Priapism 75

anxiolytic if indicated. Ice and elevation are also 
components of the initial conservative therapy. A 
penile dorsal nerve block utilizing local anesthesia, 
circumferential penile block, subcutaneous local 
penile shaft block and oral conscious sedation for 
pediatric patients may be of benefi t to control pain 
(Vilke et al. 2004). 

For patients with low-fl ow priapism of relatively 
short duration (approximately 4 h) penile aspiration 
and irrigation with saline remain the standard fi rst 
line management strategies.

Oral terbutaline, a β-adrenoreceptor agonist, in a 
dose of 5–10 mg has been advocated for treatment of 
patients with prostaglandin-induced priapism with 
a response rate of 36% (Lowe and Jarow 1993). Ter-
butaline can also be given subcutaneously in doses 
of 0.25–0.5 mg and can be repeated in 15–20 min. 
Oral pseudoephedrine, an α-adrenoreceptor ago-
nist, in a dose of 60–120 mg has been used to treat 
priapism due to intracavernosal injected agents, but 
effi cacy is not well studied. 

Treatment with injections into the corpus caver-
nosum of alpha adrenergic receptor agonists after as-
piration would be the next therapy after terbutaline. 
Phenylephrine, 10 cc, which corresponds to a dose 
of 200 µg, is injected into the penis after aspiration. 
Frequent blood pressure measurements and prefer-
ably ECG monitoring are required throughout, and 
failure to respond may require a second injection 
of 200 µg and a fi nal dose of 500 µg. Alternatively, 
epinephrine can be injected in 1–3-cc boluses up to 
10 cc (O’Brien et al. 1989). Methylene blue has been 
shown to be useful as an alternative to alpha ago-
nists, with a mechanism felt to be related to inhibi-
tion of cyclic GMP, which in turn inhibits smooth 
muscle relaxation (Steers and Selby 1991). Intra-
cavernosal injection with 50 mg of methylene blue 
is followed by aspiration and penile compression for 
5 min. Transient penile burning and blue discolor-
ation lasting for about 3 days were the reported side 
effects (Martinez Portillo et al. 2001).

If these relatively simple measures fail, surgical 
intervention is required. A variety of techniques 
has been described, including the Winter procedure 
(Fig. 9.1) using a Trucut needle (Winter 1978), the 
Ebbehoj method using a pointed scalpel blade to 
create a shunt between the glans and corpora cav-
ernosa (Ebbehoj 1974), and the more radical El-
Ghorab procedure that involves excision of a small 
disk of tunica albuginea (Ercole et al. 1981). These 
techniques fail in about a third of patients (Carter 
et al. 1976).

Use of intracavernosal thrombolytic medications, 
including tissue plasminogen activator, has been re-
cently described, although the effi cacy is uncertain 
and long-term prognosis is lacking (Rutchik et al. 
2001).

The treatment of sickle cell priapism requires 
more disease-specifi c treatment, including oxygen-
ation, hydration, alkalinization, exercise, analge-
sia and exchange transfusion. Anecdotal evidence 
supports the use of oral therapy with hydroxyurea 
and hydralazine (Al Jam’a and Al Dabbous 1998). 
Etilefrine is an oral α-adrenoreceptor agonist that 
in the form of maintenance therapy may help pre-
vent further attacks, with little effect on systemic 
blood pressure (Virag et al. 1996). Surgical spinal 
decompression has been recommended to alleviate 
priapism associated with lumbar spinal stenosis.

Fig. 9.1. Winter procedure using a Trucut
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9.8.2  
Treatment of High-Flow Priapism

The clinical history and initial investigation, cou-
pled with selective angiography, should confi rm the 
diagnosis. The initial treatment should be obser-
vation. This approach is based on the fi nding that 
expectant management results in spontaneous reso-
lution in 62% of the report cases. The others cases 
are best managed by an interventional radiological 
procedure to embolize the responsible vessels of the 
cavernous fi stula using different embolizing materi-
als such as autologous blood clots, coils, Geolfoam 
sponge, polyvinyl alcohol particles or N-butylcya-
nocyalate. Sometimes more than one procedure may 
be necessary to achieve a complete result (Bastuba 
et al. 1994).

Open surgical ligation of the responsible vessels 
using intraoperative ultrasonographic guidance 
may be used when conservative and minimally in-
vasive methods have failed. 

9.9  
Complications

Early complications typically result from injection 
of α-adrenergic agents and include headache, palpi-
tation, hypertension and cardiac arrhythmias. Vi-
tal signs should be monitored during this phase of 
therapy. Additional adverse events include urethral 
injury and urethrocutaneous or urethrocaverno-
sal fi stula from aggressive needle decompression, 
bleeding and infection (De Stefani et al. 2001). Rare 
cases of gangrene of the penis after corporospongio-
sal shunt have been reported.

9.10  
Prognosis

Impotence rates between 35–60% have been re-
ported when priapism persists for 5–10 days, re-
spectively (Mulhall and Honig 1996). When the 
priapism has been ongoing for over 24 h, treatment 
with aspiration alone is often unsuccessful and will 
usually require irrigation and often injection. Treat-
ment should be initiated within 12 h of the onset of 

symptoms to avoid long-term erectile dysfunction 
and irreversible infarction, with the corollary being 
the earlier the resolution of symptoms, the better the 
long-term prognosis.
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with high-fl ow priapism usually develop a painless 
partial erection and are able to increase rigidity 
with sexual stimulation. Venous outfl ow can be 
relatively compromised (Bertolotto et al. 2003), 
but usually is maintained, preventing complete 
erection, stasis and tissue hypoxia. 

Recently, recurrent or stuttering priapism has 
been described as a poorly understood condition 
that may present clinically with low-fl ow or, more 
frequently, with high-fl ow episodes, alternatively 
(Pautler and Brock 2001; Pryor et al. 2004).

Malignant priapism (Pautler and Brock 2001) 
is a rare complication of hematologic malignancies, 
with pathogenesis being ascribed to the sludging ef-
fect of leukemic cells within the corpora cavernosa of 
the penis (Winter and McDowell 1988). Also other 
causes such as disturbance of the central or periph-
eral nervous system have been advocated (Vadakan 
and Ortega 1972; Winter and  McDowell 1988). 
Metastatic priapism (Pautler and Brock 2001) is 
related to secondary penile tumor involvement pre-
senting clinically with painful penile stiffness.

Priapism is a rare manifestation of aortocaval 
fi stula that should be considered in elderly patients 
with large aortic aneurysms (Abela et al. 2003;
Gordon et al. 2004). Similar to posttraumatic pria-
pism, the corpus spongiosum is usually turgid, and 
blood gas analysis reveals nonischemic blood. Other 
signs suggestive for the presence of an aortocaval 
fi stula are associated frank hematuria and renal 
failure. The high-pressure congestion within the ve-
nous compartments distal to the fi stula is the cause 
of both penile turgescence and hematuria, lower 
limb pain and edema, and arterial pulsation in the 
leg veins. Renal insuffi ciency is probably caused by 
decreased renal perfusion, as a result of preferential 
shunting of blood fl ow through the fi stula, possibly 
complicated by increased renal vein pressure.

Although diagnosis of priapism and differentia-
tions between the non-ischemic and the ischemic sub-

10.1  
Background

As described in Chapter 9, priapism is an uncom-
mon medical condition defi ned as persistent tu-
mescence or erection not associated with sexual 
desire or stimulation (Pautler and Brock 2001). 
Different pathophysiologies have been described. 
Low-fl ow or ischemic priapism is characterized by 
complete painful erection secondary to inadequate 
venous outfl ow leading to hypoxia, acidosis and 
pain (Lue et al. 1986; Pautler and Brock 2001). 
High-fl ow priapism is usually associated with 
penile or perineal blunt trauma and cavernosal 
artery tear (Pautler and Brock 2001). Patients 
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types can be accomplished based on history, clinics 
and aspiration of blood from the corpora cavernosa, 
grey-scale and color Doppler ultrasonography provide 
clinically useful information that are essential for the 
management of the patient (Hakim et al. 1996).

10.2  
Post-Traumatic Priapism

Color Doppler ultrasonography is currently consid-
ered the imaging modality of choice for the diagno-
sis of high-fl ow priapism since it is sensitive, non-
invasive and widely available (Hakim et al. 1996; 
Bertolotto et al. 2003). No cavernosal injection of 
vasoactive drugs is required. 

10.2.1  
Grey-Scale Ultrasonography

At ultrasound, an irregular hypoechoic region 
within the echogenic cavernous tissue is usually 
identifi ed, consistent with cavernosal tissue lac-
eration, extravasation of blood from the torn ar-
terial vessel and distension of the lacunar spaces 

(Fig. 10.1). Distinguishing between these factors is 
diffi cult, if not impossible, at US (Bertolotto et 
al. 2003; Bertolotto et al. 2005a). 

Grey-scale ultrasound appearance of the corpora 
cavernosa can be different in longstanding disease. 
In fact, patients with high-fl ow priapism occasionally 
undergo evaluation several days, or even months or 
years after the onset of symptoms. In longstanding 
priapism it is conceivable that the area encompassing 
the arterial-lacunar wound is covered with endothe-
lium, mimicking a pseudoaneurysm that appears at 
grey-scale US more regular and circumscribed than 
previously described (Bertolotto et al. 2003). 

10.2.2  
Color and Duplex Doppler Ultrasonography

Direct identifi cation of the arterial-lacunar fi stula 
is obtained with Doppler techniques. Color Doppler 
ultrasonography allows identifi cation of the lesion in 
virtually all patients; only one case has been reported 
in which the fi stula was not detected both at color 
Doppler and at angiography, but became evident only 
after empiric selective embolization of the contralat-
eral internal pudendal artery (Ankem et al. 2001). 

Unilateral or bilateral cavernosal artery tear can 
be demonstrated. This information has a profound 

Fig. 10.1a,b. Postraumatic high-fl ow priapism. Axial scans of the penis. a Grey-scale ultrasonography showing an hypoechoic 
region within the right corpus cavernosum (*). b Color Doppler interrogation showing characteristic color blush that is 
consistent with extravasation of blood from the lacerated cavernosal artery [reprinted with permission from: Bertolotto M, 
Calderan L, Cova MA (2005) Imaging of penile traumas-therapeutic implications. Eur Radiol 15:2475–2482]

a b
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effect in the choice of the treatment. In particular, 
color Doppler ultrasonography demonstrates ex-
travasation of blood from the lacerated cavernosal 
artery presenting with a characteristic color blush 
extending into the erectile tissue (Fig. 10.1). 

A careful Doppler technique allows a bet-
ter evaluation of all vascular structures involved 
( Bertolotto et al. 2003). Optimization of the color 
Doppler parameters to detect slow velocity fl ows al-
lows evaluation of the penile vessels and eases iden-
tifi cation of the color blush from the torn artery. 
However, visualization of high velocity fl ows is not 
correct, and aliasing hampers visualization of the 
exact site of the cavernosal tear. When color Doppler 
velocity scale is increased, depiction of lower veloc-

ity fl ows is reduced, and the cavernosal tear is im-
mediately recognized as a circumscribed color spot 
displaying aliasing. Duplex Doppler interrogation 
of the arterial-lacunar fi stula displays characteristi-
cally high velocity, turbulent fl ows (Fig. 10.2).

10.2.3  
Identifi cation of Feeding Vessels

Besides identifi cation of the arterial-lacunar fi stula, 
color Doppler ultrasonography allows evaluation of 
the penile vasculature to identify hemodynamically 
signifi cant feeding vessels that present with high 
velocity fl ow. Both unilateral and bilateral feeding 

Fig. 10.2a–c. Postraumatic high-fl ow priapism. Interrogation 
of the cavernosal artery tear. a Sagittal color Doppler image 
obtained with color scale tuned to display low velocity fl ows 
showing color blush in the area of the tear. b Axial color 
Doppler image obtained with the color scale tuned to display 
high-velocity fl ow shows reduced size of the color blush. The 
exact site of the tear is visible as a small color spot displaying 
aliasing (arrowhead). c Duplex Doppler interrogation of the 
fi stula shows high velocity, turbulent fl ow

a b

c
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vessels can be identifi ed, providing useful informa-
tion in patients undergoing embolization to plan 
the angiographic approach from the left or from 
the right side (Bertolotto et al. 2003). Usually the 
main feeding vessel is a cavernosal artery; however, 
a variety of collateral vessels can be associated. In 
particular, dorsal to cavernosal artery communi-
cations represent large vascular pathways that are 
able to feed the fi stula and may be responsible for 
treatment failure after embolization of the torn cav-
ernosal artery. Also intercavernosal arterial com-
munications can connect the proximal portion of 
the torn artery with the controlateral cavernosal 
artery and can be responsible for treatment failure. 
Cavernosal-spongiosal communications and other 
small collaterals can feed the fi stula as well.

In patients with high-fl ow priapism Doppler in-
terrogation shows fl ows with increased velocity in 
both cavernosal arteries also in patients with uni-
lateral tear. In fact, large communications exist 
between the corpora cavernosa, and nitric oxide 
released at the level of the fi stula diffuses freely in 
the contralateral side. Cavernosal diastolic fl ow is 
variable, depending on blood pressure within the 
partially erected penis. The fi rmer the erection is, 
the lower the diastolic pressure. In general, lower 
resistances are observed at the site of the fi stula, 
with progressively higher diastolic fl ows while ap-
proaching the lesion. Although in general patients 
with high-fl ow priapism have painless incomplete 
erection, nearly complete painful erection can oc-
casionally be detected (Bertolotto et al. 2003). Im-
mediate embolization of the fi stula is recommended 
in these patients to avoid irreversible cavernosal tis-
sue damage. 

10.2.4  
Evaluation of Treatment Outcome

High-fl ow priapism can occasionally undergo spon-
taneous resolution (Arango et al. 1999). Superselec-
tive embolization of the torn artery, however, is cur-
rently considered the treatment of choice (Bastuba 
et al. 1994; Ciampalini et al. 2002; Savoca et al. 
2004). After embolization, closure of the torn ar-
tery can be observed at grey-scale ultrasonography 
by the presence of embolizing material within the 
vessel. If the arterial tear is large, embolizing mate-
rial can pour into the hypoechoic lacuna within the 
cavernosal tissue. When the fi stula is successfully 
embolized, a cavernosal hematoma is left in the la-

cuna, which usually appears hypoechoic and then 
organizes presenting with complex echogenic areas, 
anechoic regions and septations. The hematoma 
progressively reduces in size resulting in complete 
restoration of the normal ultrasound appearance of 
the injured cavernosal tissue or, more often, in tissue 
scar (Fig. 10.3).

Color Doppler ultrasonography allows evalua-
tion of penile blood fl ow changes after embolization 
of the diseased vessel. This evaluation is useful in 
the clinical practice because in many cases erection 
does not subside immediately after embolization, 
but might require several days. As a consequence, 
it is usually not possible to evaluate the success of 
therapy basing on clinics alone. 

Different ultrasound findings can be appreci-
ated after embolization (Bertolotto et al. 2003). 
In about 33% of patients the fistula closes com-
pletely. However, in about 44% of patients the fis-
tula is still patent despite arteriographic evidence 
of occlusion (Fig. 10.4). The fistula is usually 
markedly reduced in size, fed by small homolat-
eral and contralateral vessels that usually are not 
detected before embolization because of non-sig-
nificant f lows, but widen when the main feeding 
pathways are obliterated.

In our experience, the type of vessels that are 
involved in refi lling the fi stula is of concern for the 
outcome of the patients. In fact, previous studies 
have shown that if the size of the fi stula reduces after 
embolization, penile turgidity reduces as well, and 
the fi stula is likely to heal spontaneously. After in-
complete embolization the fi stula can be fed by non-
obliterated collaterals such as accessory pudendal 
arteries, recurrent cavernosal branches, communi-
cations with the contralateral cavernosal artery or 
with the dorsal artery, and cavernosal-spongiosal 
communications with inverted fl ow (Bertolotto 
et al. 2003). In our experience, if penile turgidity re-
duces after embolization, the fi stula is likely to heal 
spontaneously in a few days due to reduced hyper-
oxygenation and endothelial shear stress. In general, 
this condition occurs when the fi stula is supplied by 
small feeding vessels with limited blood fl ow, such 
as cavernosal-spongiosal communications. Watch-
ful observation is recommended in these patients. 
Conversely, when a more signifi cant blood supply is 
demonstrated at color Doppler ultrasound or penile 
turgidity remains unchanged, repeat angiography 
should be considered.

In about 23% of patients with high-fl ow priapism 
and apparently successful embolization of the lacer-
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Fig. 10.3a,b. Grey-scale appearance of the penile shaft after successful angiographic embolization of a right cavernosal artery 
tear. a Axial scan obtained 1 h after embolization shows a cavernous hematoma (*) in the site of the embolized fi stula within 
the right corpus cavernosum. A smaller hematoma (open arrow) not associated to cavernosal artery injury is recognized 
within the left corpus cavernosum as well. b Axial scan obtained 6 months later shows that the echotexture of the corpora 
cavernosa in the site of the previously embolized fi stula is inhomogeneous due to fi brous changes. The patient, however, 
reported normal erections

a b

Fig. 10.4a,b. High-fl ow priapism. Color Doppler appearance of the fi stula before and after embolization. a Sagittal color 
Doppler image of the right crus shows extravasation of blood from the cavernosal artery (arrowheads). b Duplex Doppler 
ultrasound image obtained soon after angiography shows that the fi stula is still patent, but reduced in size. The fi stula 
closed spontaneously within 5 days

a b
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ated artery, color Doppler ultrasonography demon-
strates early recanalization of the embolized artery 
and the need for repeated treatment.

During the follow-up of patients with high-fl ow 
priapism, we recommend color Doppler ultrasound 
1–2 months after embolization to confi rm the ab-
sence of recurrent fi stula. Recanalization of the em-
bolized cavernosal artery can be observed also when 
non-reabsorbable embolization material has been 
used (Savoca et al. 2004). In patients with erectile 
dysfunction, the study should be performed after in-
tracavernosal prostaglandin injection to determine 
whether the functional impairment is caused by in-
suffi cient penile blood fl ow or not.

10.3  
Ischemic Priapism

Imaging is usually not required before the operation 
in patients with ischemic priapism, because this condi-
tion is considered a urological emergency, and history 
and examination are often suffi cient to make the diag-
nosis. It is commonly accepted that prompt treatment 
is mandatory in all patients with low-fl ow priapism 
because recovery of function becomes increasingly un-
likely over time (Winter and McDowell 1988). 

However, there is increasing evidence that the 
degree of venous outfl ow obstruction and ischemia 
varies from person to person. In fact, some degree of 
blood circulation is maintained in many cases and 
several patients regain potency even after days of pri-
apism. On the contrary, other patients lose potency in 
a much shorter period of time (Lue et al. 1986). 

In patients with low-fl ow priapism grey-scale and 
color Doppler ultrasonography provide useful infor-
mation on the vascular status of the penis that can 
be of prognostic value and may infl uence the clinical 
or surgical management. 

10.3.1  
Grey-Scale Ultrasonography

At ultrasound the corpora cavernosa initially present 
with the same echogenicity and echotexture that is 
observed in patients with normal erection. When the 
patient is left supine for a few minutes without ma-
nipulating the penis, the corpuscolate component of 
the blood into the corpora cavernosa tends to sediment 

downwards forming a fl uid-fl uid level; this situation 
documents blood stasis within the corpora caver-
nosa (Fig. 10.5). In more advanced situations the cor-
pora cavernosa present with increased echogenicity, 
probably associated with tissue edema. Occasionally 
echogenic material obliterates the cavernosal arteries 
(Fig. 10.6). Initially, the glans is turgid, while it is usu-
ally fl accid later. In long-standing ischemic priapism, 
wide echo-texture alterations of the corpora cavernosa 
are recognized, consistent with fi brotic changes. 

Fig. 10.5a,b. Cocaine-induced priapism lasting for 10 h. a 
Grey-scale axial image showing normal echogenicity of the 
corporal bodies. b Grey-scale axial image of the same patient 
left supine for few minutes without manipulating the penis. 
The corpuscolate component of blood sedimented down-
wards forming a fl uid-fl uid level consistent with stasis. The 
patient underwent corporal blood aspiration and medical 
treatment injecting alpha-adrenoreceptor drugs and recov-
ered normal erectile function

a

b
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10.3.2  
Color and Duplex Doppler Ultrasonography

In patients with low-fl ow priapism, color Doppler 
interrogation of the cavernosal arteries shows fl ows 
of different characteristics from person to person. 
Early on, fl ow with high peak systolic velocity and 
holodiastolic fl ow reversal can be appreciable. As 
venous occlusion progresses and cavernosal blood 
pressure approaches systolic blood pressure, the 
systolic envelope sharpens with progressive reduc-
tion of the peak systolic velocity. These fl ow char-
acteristics are indistinguishable from fl ows that are 
recognized in subjects with normal rigid erection. 
Termination of cavernosal artery fl ow indicates that 
the intracorporeal pressure rose above mean arterial 
pressure causing intracavernous stasis, ischemia 
and progressive cavernous tissue damage. 

In our clinical experience in patients present-
ing with cavernosal artery fl ows, priapism usually 
relieves injecting an alpha-adrenoreceptor after 
blood aspiration from the corpora cavernosa. In 
general, these patients are able to achieve an erec-
tion suffi cient for penetration within a few weeks. In 
patients presenting with no cavernosal artery fl ows 
shunt surgery is often required, and the incidence 
of irreversible erectile dysfunction is high. Patients 
presenting with echogenic material obliterating 
the cavernosal arteries usually develop irreversible 
erectile dysfunction.

It has been recently suggested that priapism in-
duced by intracavernous injection of papaverine/
phentolamine could be successfully predicted with 
color Doppler ultrasonography (Metawea et al. 2005). 
Cavernosal artery fl ows with peak systolic velocity 
greater than 66 cm/s and end diastolic velocity of 0 
to 1 cm/s should be accurate predictors of persistent 
erection requiring intervention. In our experience, 
however, when prostaglandin E1 is used, cavernosal 
artery fl ows with peak systolic velocity of 66 cm/s or 
greater are often recognized in young patients who 
reach full erection that undergo detumescence within 
2–3 h without requiring intervention.

In patients with priapism and clinical signs and 
symptoms suggestive of the presence of an aortoca-
val fi stula, abdominal color Doppler ultrasonogra-
phy can be used to confi rm the diagnosis revealing 
the presence of an aortic aneurysm. High velocity, 
pulsatile fl ows in the inferior vena cava confi rm the 
diagnosis. Renal hypoperfusion is often recognized. 
Diagnosis, however, may be diffi cult in obese pa-
tients, and direct visualization of the fi stula can be 
problematic using conventional Doppler techniques. 
We found no description of the ultrasound appear-
ance of the penis in these patients; it is conceivable, 
however, that grey-scale and color Doppler ultra-
sound fi ndings would be similar to those observed 
in operated patients with deep dorsal vein arteriali-
zation (Bertolotto et al. 2005c).

Fig. 10.6a,b. Idiopatic ischemic priapism lasting since 25 h. a Grey-scale axial image showing increased echogenicity of the cor-
poral bodies, consistent with tissue edema. b Longitudinal color Doppler image of the same patient showing obliteration of the 
cavernosal arteries (arrowheads). The patient underwent surgical shunting, but developed irreversible erectile dysfunction

a b
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10.4  
Metastatic Priapism

Invasion of the corpora cavernosa by a malignant 
neoplasm can present with penile stiffness and pain 
simulating low-fl ow priapism. In these patients grey-
scale ultrasonography can show circumscribed tumor 
nodules within the corpora cavernosa or diffuse infi l-
tration of the shaft (Bertolotto et al. 2005b). Dop-
pler interrogation of the cavernosal arteries usually 
shows hypervascular cavernosal bodies due to tumor 
lesion vascularity; cavernosal artery fl ows are vari-
able. Venous stasis can be associated, resulting from 
infi ltrations of the normal venous leakage pathways.

10.5  
Diagnostic Role of Other
Imaging Modalities

Internal pudendal angiography followed by su-
perselective embolization of the torn artery with 
autologous blood clots or reabsorbable synthetic 
substances is usually considered a satisfactory ther-
apy for high-fl ow priapism (Bastuba et al. 1994; 
 Ciampalini et al. 2002; Savoca et al. 2004). Other 
operators perform obliteration of the shunt with coils 
(Harmon and Nehra 1997). In order to reduce the 
rate of recurrent priapism, however, non-reabsorb-
able embolizing material can be used (Bertolotto 
et al. 2003). In our department embolization is usu-
ally done using polyvinyl alcohol particles of vari-
able size between 350–500 microns (Fig. 10.7). We 
observed early recanalization of the embolized ar-
tery in 3/16 patients. Despite the use of non-reabsorb-
able embolizing material, both cavernosal arteries 
were patent within 2 months in 60% of the patients 
who had undergone complete embolization. All but 
one patient recovered normal erectile function. The 
remaining patient had nearly complete, painful erec-
tion. Repeated embolization and surgical ligation of 
a large accessory artery were needed.

Besides color Doppler ultrasonography and angi-
ography other imaging modalities are rarely needed 
in evaluating patients with priapism. Retrograde 
urethrography and micturition cystourethrography 
can be considered in patients with suspected associ-
ated urethral injury, which can rarely occur espe-
cially after iatrogenic maneuvers. 

Dynamic infusion cavernosometry and caver-
nosography have been used to document the ab-
sence of cavernosal venous outfl ow in patients with 
ischemic low-fl ow priapism (Goto et al. 1999) and 
to identify postischemic fi brotic cavernosal tissue 
changes (Velcek and Evans 1982; Van der Horst 
et al. 2003). Clinical evaluation and ultrasound, how-
ever, provide enough useful information to manage 
the patients. 

Figure 10.7a,b. Postraumatic high-fl ow priapism. a Angio-
gram showing extravasation of contrast material (arrow-
head) from a tear of the right cavernosal artery. b After em-
bolization using polyvinyl alcohol particles the angiogram 
shows occlusion of the fi stula. Penile tumescence decreased 
markedly within a few hours [reprinted with permission 
from: Bertolotto M, Calderan L, Cova MA (2005) Imaging 
of penile traumas-therapeutic implications. Eur Radiol 
15:2475–2482]

a

b
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In patients with high-fl ow priapism and com-
plex traumas undergoing contrast-enhanced CT 
with state-of-the-art multiple detector-row systems, 
the arterial-sinusoidal fi stula can be identifi ed 
(Fig. 10.8). This examination, however, cannot re-
place angiography, because interventional maneu-
vers cannot be performed. In malignant priapism 
contrast-enhanced CT is indicated to evaluate the 
perineal and pelvic extent of the disease. In pa-
tients with priapism secondary to aortocaval fi stula 
contrast-enhanced CT reveals the communication 
between the aorta and the inferior vena cava and 
congestion of the pelvic vessels (Abela et al. 2003; 
Gordon et al. 2004). Poor enhancement of the kid-
neys reveals renal hypoperfusion.

Magnetic resonance imaging fi ndings in patients 
with priapism have been described in a limited 
number of cases. In patients with high-fl ow pria-
pism this technique is able to identify the site of the 
fi stula (Engin et al. 1999). In patients with ischemic 
and metastatic priapism, the presence of corporeal 
thrombosis (Ptak et al. 1994; Vossough et al. 2002) 
and tumor infi ltration of the corpora cavernosa 
(Vossough et al. 2002) can be recognized. 

During the follow-up of ischemic priapism this 
examination allows evaluation of circumscribed 
(Park et al. 2001) or diffuse fi brous changes of the 
cavernous tissue as heterogeneous areas of low signal 
intensity on both T1- and T2 weighted sequences. 

During the follow-up of high-fl ow priapism, mag-
netic resonance imaging is able to document per-
sistent closure or recanalization of the embolized 
cavernosal artery (Park et al. 2001). Color Doppler 
ultrasonography, however, usually provides enough 
clinically useful information in these patients.
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The most common cause of non-penetrating in-
jury is sexual intercourse with the compression of 
the shaft against the symphysis or with the sudden 
bending of the shaft (Nicolaisen et al. 1983). This 
condition is due to an excessive force applied to the 
long axis of the penis in the erect status (Coogan and 
Levine 1998; Shaeer 2006). Fracture of the penis 
may also occur by rolling over in bed during a deep 
sleep or during penile manipulation ( Mellinger 
1993; Chung et al. 2006). Blunt perineal trauma of 
the fl accid penis is generally due to bicycle or motor-
cycle accidents with the compression of the corpora 
cavernosa and the urethra against the ischial rami.

In patients with penile injury another clinically 
important distinction is between trauma with associ-
ated urethral rupture and without urethral rupture. 
Albugineal rupture is associated with urethral injury 
in approximately 15% of cases (Webster 1989).

The rupture of the suspensory ligament can oc-
cur from sudden ventral displacing of the penis in 
the erect status, during masturbation or placing the 
erect penis into underpants. The patient typically 
hears a cracking sound followed by pain at the basis 
of the shaft. If the snatch involves only the suspensor 
ligament, a slight hematoma of the soft tissue at the 
basis of shaft can appear, and the rigidity of the pe-
nis remains unchanged (Sagalowsky and Peters 
1998). Afterwards the patient will note an abnormal 
angle during erection. During an accurate physical 
examination a gap between the pubis and the base of 
the penile shaft can be noted. In this case imaging is 
not required, but ultrasonography can be helpful to 
exclude more signifi cant lesions or hematomas. 

In case of fracture of the corpora cavernosa, a 
signifi cant hematoma can occur. The fascial layers 
of the genitalia will determine the distribution and 
the extent of blood extravasion. If the Buck’s fascia 
is involved, the extravasated blood will be contained 
within the limits of the Colles’ fascia with a resulting 
perineal hematoma in a typical “butterfl y” distribu-

11.1  
Presentation and Diagnosis

From the clinical point of view, the fi rst important 
distinction in patients presenting with penile trau-
mas is between penetrating and non-penetrating 
lesions. 

Penetrating injuries usually occur while fl accid, 
and severity is variable depending of whether the 
skin, the urethra or the erectile tissues are involved 
(Selikowitz 1977). The most common penetrat-
ing injuries to the penis are iatrogenic, following 
cavernosal injection of vasoactive drugs and inap-
propriate circumcision maneuvers, or result from 
farm and war accidents, gunshot wounds, animal or 
human bites. Zipper injuries are rare and often not 
signifi cant. Most of the penetrating traumas are self 
infl icted in mentally deranged patients or infl icted 
by a second party.
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tion (Fig. 11.1). If the Buck’s fascia remains intact, 
blood extravasion will direct along the shaft of the pe-
nis with a typical “eggplant” distribution (Fig. 11.2)

Moreover, in case of rupture of the corpora cav-
ernosa, the typical snap sound is followed by severe 
pain, rapid detumescence, penile swelling and de-
formity (Jack et al. 2004).

For many years cavernosography has been con-
sidered the standard diagnostic procedure to iden-
tify the tear of the tunica albuginea (Jack et al. 
2004). This procedure, however, is invasive and at 
risk for contrast reaction and fi brosis of the corpora 
cavernosa (Tsang and Demby 1992). 

We advocate ultrasound as the fi rst-choice im-
aging modality in these patients because it is easily 
performed and non-invasive. Immediate ultraso-
nography enables to determine the entity of hema-
toma and allows detection of the site and the length 
of the tear of the tunica albuginea (Bertolotto and 
Pozzi Mucelli 2004). Moreover, ultrasonography 
permits to exclude the concomitant presence of cav-
ernosal artery rupture with formation of an arterial-
lacunar fi stula. 

Other imaging modalities besides ultrasonogra-
phy, such as magnetic resonance imaging, are rarely 
needed in the clinical practice to evaluate patients 
with penile traumas and to plan the proper therapy 
(Coogan and Levine 1998; Bertolotto et al. 2005).

Patients with penile fracture may present with as-
sociated injury to the corpus spongiosum and to the 
anterior urethra. The severity of the lesions can be 
variable, ranging from urethral contusion to partial 
or complete rupture. 

Posterior urethra can be injured in patients with 
pelvic traumas. Precise defi nition of pelvic fracture lo-
cation may enable prediction of which subjects are at 
risk for posterior urethral injury (Basta et al. 2007). 

Diagnosis of associated urethral injury can be 
problematic. The patient can report a diffi culty void-
ing, or present with blood at the meatus. In this case 
diagnostic catheterization must be avoided because 
it may convert a minimal tear into a complete tear 
of the urethra. The diagnosis is confi rmed by a ret-
rograde urethography with extravasion of contrast 
material at the site of the disruption. 

Penile amputation is due to self-mutilation, assaults 
and accidents. About 200 cases have been reported in 
the literature. In penile amputation both the corpora 
cavernosa and corpus spongiosum with the urethra 
are involved (Aboseif et al. 1993), and the neurovas-
cular dorsal bundle is dissected. Diagnosis is straight-
forward because the distal portion of the penile shaft 

is partially or totally dismembered from the proximal 
part and important hemorrhage is evident. Diagnostic 
imaging procedures are not necessary.

Fig. 11.2. Penile fracture with intact Buck’s fascia. The hema-
toma is confi ned to the shaft

Fig. 11.1. Penile fracture with rupture of the Buck’s fascia. 
The hematoma spreads to the attachment of the Colles’ fas-
cia involving the penis, scrotum and perineum with typical 
“butterfl y” confi guration
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11.2  
Management

A variety of surgical of conservative procedures can 
be used for treatment of the different penile traumas 
depending of the type and severity of injuries.

11.2.1  
Injury to the Suspensory Ligament

Rupture of the suspensory ligament does not cause 
loss of penile rigidity, and the erectile function is 
unchanged. However, the patients can complain of 
an abnormal angle during erection. In this case a 
simple suture of the ligament through a suprapubic 
access can be easily performed.

11.2.2  
Blunt Trauma to the Flaccid Penis

Most traumas to the fl accid penis result in hema-
toma without lesion of the tunica albuginea. Im-
mediate treatment consists in catheterization, ice 
packs and anti-infl ammatory agents.

It is mandatory to exclude an arterial priapism 
by ultrasonography. If an arterial-lacunar fi stula is 
demonstrated, the immediate treatment is conser-
vative and consists of prolonged compression of the 
site of the fi stula. Primary delayed treatment con-
sists in percutaneous embolization of the fi stula or 
microsurgical repair. Highly selective embolization 
of the cavernous artery seems to be the best option 
in order to prevent erectile dysfunction at long term 
(Savoca et al. 2004).

11.2.3  
Penile Fracture

When a defect of the tunica albuginea is demon-
strated by ultrasonography and/or cavernosography, 
early repair of the tunica albuginea is recommended 
by most of the authors (Ozen et al. 1986; Orvis and 
McAninch 1989; Jack et al. 2004; Kulovac et al. 
2007)

Several approaches have been proposed. In case 
of a single, evident defect of one corpus caverno-
sum, some authors suggest direct incision over the 
lesion with minimal dissection (Ozen et al. 1986). 

In our experience we prefer a circumcising type of 
incision with complete degloving of the skin of the 
penile shaft. Buck’s fascia is opened longitudinally 
and laterally in order to avoid accidental lesion of 
the dorsal neurovascular bundle. 

This approach permits an excellent exposure of 
both corpora cavernosa and urethra, and it is very 
helpful in case of bilateral rupture with or without 
associated urethral injury. Actually surgical man-
agement can be confusing and time consuming due 
to the concealment of the tear in organized blood 
and edematous tissue. In these cases a minimal dose 
of methylene blue can be injected into the corpora 
cavernosa to point out the tear (Shaeer 2006).

After the removal of the hematoma, the tunical de-
fect is repaired by running or interrupted absorbable 
3–0 polydioxanone or vicryl suture. Then the Buck’s 
fascia is reconstructed to perform compression and 
hemostasis. If a urethral injury is present, treatment 
depends on the site and extent of the injury.

Posttraumatic scarring of the tunica albuginea 
and fi brosis of the corpora cavernosa are common 
sequelae of penile trauma with or without immedi-
ate surgical repair. Fibrotic changes are generally lo-
calized in the site of the tunical tear and can cause a 
curvature on the same side. In these cases a delayed 
second operation is often required to straighten the 
penis. If the entity of the curvature is inferior to 60 
degrees and penile shortening is not signifi cant, we 
prefer a Nesbit or Yachia procedure to correct the 
curvature and preserve the erectile function. In case 
of signifi cant curvature and penile shortening, the 
use of saphenous vein or eterologous grafts can be 
considered.

11.2.4  
Anterior Urethral Injuries

Lesions of the anterior urethra are more frequent 
than those of the posterior urethra. Complications 
of anterior urethral injuries include infections and 
strictures. Most of the urethral strictures will neces-
sitate surgical treatment also many months later. 
Moreover, extravasion of urine could cause fi brosis 
of the corpus spongiosum. Incontinence and impo-
tence are uncommon complications. 

The management of anterior urethral injury is 
variable depending on several factors such as etiology, 
site and the extent. Urethral contusion due to external 
trauma can be managed by the placement of a Foley 
catheter for a few days. In case of partial urethral dis-
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ruption a conservative approach can be chosen. Some 
authors propose the placement of a suprapubic cath-
eter without urethral catheterization with delayed 
cistourethrography at 3–4 weeks after the trauma. 
This approach has a potential for stricture-free heal-
ing providing the surviving portion of the urethral 
lumen is not further traumatized by strumentation. 
Then, if a short stricture is evident at urethrography, 
endoscopic treatment can be performed.

Immediate repair of urethral transection is per-
formed only if urethral injury is concomitant to 
penile fracture. In this case the injury is generally 
due to more severe external trauma with signifi cant 
extravasion of blood and urine that necessitates im-
mediate drainage. If the injury involves the bulbar 
urethra or the proximal penile urethra, a perineal 
approach is suggested. In case of lesion of the distal 
part of anterior urethra, circumcision with deglov-
ing of the penile shaft is generally preferred. After 
surgical exploration evacuation of the hematoma is 
performed, and necrotic tissue is debrided. Direct 
repair of the lesion is performed over a 16-F Foley 
catheter. The urethral stumps are spatulated and 
approximated by end-to-end two layer anastomosis. 
For the mucosa approximation, we suggest a 4–0 or 
5–0 Monocryl uninterrupted suture followed by a 
second layer with absorbable interrupted suture for 
the tunica spongiosa. 

In most cases primary repair is not possible be-
cause hematoma and urine extravasion at the site of 
urethral defect cause infection, infl ammation and 
stuffi ng of the tissues. In these cases, suprapubic 
placement of the catheter is necessary, and the re-
pair of the urethra is delayed 3 weeks later. 

11.2.5  
Posterior Urethral Injuries

The major percentages of injuries of the posterior 
urethra are caused by blunt traumas of the bony 
pelvis. Approximately 10% of patients with pelvic 
fractures have an associated urethral injury. In these 
traumas the involvement of the penis is very rare. 
However, the fi rst symptom is the presence of blood 
at the meatus associated with diffi cult voiding. The 
disruption of the urethra may be partial or complete. 
Immediate diagnosis is made by retrograde ure-
thrography and urography or CT urography, which 
are necessary to evaluate the upper urinary tract 
and the bladder. The presence of contrast into the 
bladder during retrograde urethrography suggests 

partial disruption. Immediate urethral realignment 
is not generally suggested because the risk to cre-
ate a morbidity during exploration is too high. The 
complications of injuries of the posterior urethra 
include incontinence, impotence and strictures. The 
incidence of impotence and incontinence decreases 
signifi cantly in patients treated with delayed repair. 
In fact, iatrogenic injury to the sphincter or neuro-
vascular bundle can occur more frequently at the 
time of immediate surgical realignment (Webster 
1989), which therefore can be considered mostly 
when early abdominal exploration is necessary be-
cause of associated rectal, vascular or bladder neck 
injury (Webster 1989).

In case of minimal disruption, immediate ure-
thral catheterization can be tried by gentle maneu-
ver. If the catheter placement is not simple, it is bet-
ter to avoid further handling. Suprapubic catheter 
placement is performed, and the lesion is then re-
paired within 15 days from the injury. This delayed 
primary repair seems to be the best choice because 
it avoids the risk of immediate abdominal explo-
ration. The urethra can be repaired by endoscopic 
realignment or by surgical tension-free anastomo-
sis via a perineal approach using one of a variety of 
techniques.

11.2.6  
Penile Amputation

Immediate treatment begins by placement of a 
tourniquet around the proximal shaft of the penis 
to avoid important hemorrhage. Then clots are re-
moved, and the different structures are identifi ed. 
Microsurgical approach is required for vascular and 
neural structures (Heymann et al. 1977; Carroll
et al. 1985). The urethra is reapproximated, and end-
to-end spatulated anastomosis is performed using a 
4–0 Monocryl suture for the mucosa followed by a 
second layer suture of the spongiosa.

The tunica albuginea is reapproximated with 3–0 
Polydioxanone suture. Finally, the Buck’s fascia, dar-
tos and skin are sutured. The urethral catheter is left 
in place for 2–3 weeks. Postoperative complications 
include erectile dysfunction, strictures of the urethra 
and necrosis of distal portions of the shaft or glans.

When reimplantation is not possible, the patient 
may undergo neo-phallic reconstruction using the 
Chang radial forearm fl ap (Chang and Hwang 
1984) or pedicled pubic phalloplasty (Bettocchi et 
al. 2005). 
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trauma is important because the management of the 
patient is different, and as regards non-penetrating 
traumas, the erectile state of the penis during the 
traumatic event must be recognized as well. 

In the presence of typical history and physical 
fi ndings, imaging studies are not usually required 
in patients with penile trauma to establish the diag-
nosis, and actually many urologists think that with 
the exception of post-traumatic priapism, imag-
ing plays little or no role in the management of the 
patient (Morey et al. 2004). Ultrasonography and 
other imaging techniques, however, provide clini-
cally useful information in selected cases. 

12.2  
Penetrating Penile Traumas

The different types of penetrating injuries to the 
penis have been described in Chapter 11. The most 
common lesions are iatrogenic, following cavernosal 
injection of vasoactive drugs that may be acciden-
tally done outside the corpora cavernosa or may be 
occasionally complicated with small hemorrhage, 
granulomata and cavernosal artery tear. While the 
former complications are relatively common, the 
latter is extremely rare. Gunshot wounds to the geni-
talia are not frequent; however, they need to be im-
mediately investigated to assess the extension of the 
lesion to reproductive organs and prevent complica-
tions, such as bleeding, infection, penile curvature, 
erectile dysfunction and urethral stenosis.

Diagnosis of penetrating traumas of the penis is 
usually straightforward, and imaging is rarely re-
quired, but in the more complex situations that need 
careful preoperative assessment, in particular, grey-
scale and color Doppler ultrasonography can be use-
ful to identify cavernosal or albugineal hematoma 

12.1  
Background

Since the penis is mobile and largely protected by 
its position, it is much less frequently injured than 
other parts of the body. As mentioned in Chapter 11, 
however, it can be wounded as a result of various 
accidents, and in the erect state it is more prone to 
trauma in the form of penile fracture. Distinction 
between penetrating and non-penetrating penile 
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and to assess integrity of the tunica albuginea and of 
the cavernosal arteries. Although retrograde uretrog-
raphy is considered the imaging modality of choice to 
evaluate the integrity of the urethra, when injury to 
the penile portion of the urethra is suspected, sono-
urethrography can be considered as well.

Grey-scale and color Doppler ultrasonography are 
the imaging modalities of choice to evaluate compli-
cations of cavernosal injection (Fig. 12.1). In particu-
lar, when injection is accidentally done outside the 
corpora cavernosa, a small fl uid collection is usually 
recognized in the injection site (Bertolotto et al. 
2005). Postinjection acute hemorrhage within the 
corpora cavernosa is uncommon and usually recog-
nized, in our experience, in patients with cavernosal 
fi brotic changes. In these patients hemorrhage usu-
ally appears as relatively echogenic spots along the 
insertion of the niddle, mimicking air bubbles.

Post-injection granulomata are painful and usu-
ally present at ultrasound as circumscribed nodules 
with variable echogenicity. Ultrasound is indicated 
also during the follow-up to prove tissue restoration 
or development of fi brotic nodules that present as 
heterogeneously echogenic lesions (Bertolotto et 
al. 2005). Among the rare complications of caver-
nosal injection, intracorporeal needle breakage has 
been reported (Greenstein et al. 1997; Iacono and 
Barra 1998; Shamloul and Kamel 2005). Grey 
scale ultrasonography is indicated to localize the 
needle, which presents with the typical appearance 
of metallic objects, to identify associated cavernosal 
fi brotic changes and to guide retrieval (Shamloul 
and Kamel 2005). 

Rarely, needle insertion can produce cavernosal 
artery tear resulting in high fl ow priapism (Witt et 
al. 1990; Bastuba et al. 1994).

Fig. 12.1a–d. Penetrating penile injuries following cavernosal injection of vasoactive drugs. a Injection (arrow) accidentally 
done outside the corpora cavernosa, between the corpus spongiosum (CS) and the left corpus cavernosum (CC). b Post-in-
jection acute hemorrhage in a patient with cavernosal fi brotic changes presenting as echogenic spots along the insertion of 
the niddle. c Post-injection granuloma presenting as a slightly echogenic, painful nodule (curved arrows). d Postinjection 
cavernosal artery injury demonstrated by the presence of high velocity, turbulent fl ows causing high fl ow priapism

a

c

b

d
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In patients with gunshot wounds to the geni-
talia, ultrasonography can have a role to identify 
hematomas, localize bullets and other foreign bod-
ies retained within the penis (Fig. 12.2) and guide 
retrieval (Ficarra et al. 1999; Cavalcanti et al. 
2006). Visualization of injured tissues, however, 
may be hampered by air. The appearance of associ-
ated penile hematomas varies with the age of the 
lesion. Acutely, they appear relatively echogenic; 
with time they become hypoechoic and then or-
ganize and present with complex, echogenic ar-
eas, cystic components and septations. Cavernosal 
hematomas can evolve with complete tissue res-
toration or with a fi brotic scar (Bertolotto and 
 Neumaier 1999). 

In patients with genital gunshot wounds, the ex-
act location of bullets or other foreign bodies, such 
as cloth fragments, does not only allow for easier 
extraction, but also avoids unnecessary manipu-
lation of the cavernous tissue, which can further 
affect the erectile condition of the patient. Color 
Doppler interrogation of cavernosal arteries al-
lows the evaluation of associated vascular injuries 
( Giammusso et al. 2006). Also, associated caver-
nositis and abscess formation can be evaluated. 
Although retrograde urethrography is commonly 
considered the imaging modality of choice to iden-
tify associated urethral lesions (Morey et al. 2004), 
also sonourethrography can help identify interrup-
tion of the urethral wall (Bhatt et al. 2005).

Fig. 12.2a–d. Gunshot penile injury. a X-ray demonstrates the bullet projecting on the right ischiatic bone. b,c Grey-scale 
ultrasonography (b) and CT (c) show that the bullet is located within the right corpus cavernosum. d Surgical removal of 
the bullet

a

c

b

d



98 M. Bertolotto, C. Privitera, and C. Acampora

12.3  
Non-Penetrating Penile Traumas

Ultrasound fi ndings in non-penetrating injuries to 
the fl accid and to the erect penis are essentially dif-
ferent. A variety of lesions may result from injury 
to the erect penis including extra-albugineal and 
intracavernosal hematoma, acute intracavernosal 
hemorrhage, rupture of the dorsal penile vessels 
with intact albuginea, rupture of the suspensory 
ligament, isolated injury to the urethra and to the 
corpus spongiosum, and rupture of the tunica al-
buginea and of the cavernosal bodies, which may 
be associated with urethral and vascular injury. 
Non-penetrating trauma to the fl accid penis usu-
ally follows blunt perineal injury and involves the 
crura, where the corpora cavernosa are anchored 
and can be crushed against the pelvic bones. Extra-
albugineal or intracavernous hematoma may result, 
or cavernosal artery rupture followed by high-fl ow 
priapism. Color Doppler ultrasonography can ac-

curately delineate the nature and extent of these 
lesions, though false-negative results have been oc-
casionally reported. The most challenging differen-
tial diagnosis is differentiating lesions that require 
surgery or interventional maneuvers from lesions 
that may be treated conservatively.

12.3.1  
Extra-Albugineal and Cavernosal Hematoma

Direct traumas to the genitalia may result in blood 
extravasation within the subepithelial connective 
tissue or in the space between the Colles’ and the 
Buck’s fascia. Location of the penile hematomas 
can be evaluated with ultrasonography (Fig. 12.3). 
In fact, as illustrated in Chapter 11, penile hemato-
mas present clinically with a different appearance 
when they are restricted below the Buck’s fascia 
or when they spread in the more superfi cial layers. 
Ultrasonography, however, allows evaluation of the 
relationships between the penile envelops and the 

Fig. 12.3a–c. Axial scans. Relationship between penile he-
matomas (*) and the intact tunica albuginea. a Hematoma 
spreading outside the Buck’s fascia (arrowheads). b Hema-
toma between the tunica albuginea (open arrow) and the 
Buck’s fascia (arrowhead). c Hematoma within the left cor-
pus cavernosum

a

c

b
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hematoma and, in particular, provides differential 
diagnosis between injuries that can be managed 
conservatively when the tunica albuginea is intact 
and injuries associated with albugineal rupture that 
required surgical repair. 

12.3.2  
Acute Intracavernosal Hemorrhage 

Vigorous intercourse can occasionally result in injury 
to the subtunical venous plexus or to the smooth mus-
cle trabeculae below the tunica albuginea producing 
intracavernosal hemorrhage (Bhatt et al. 2005). Grey-
scale ultrasonography reveals a hyperechoic area with 
an ill-defi ned margin in the site of the trauma that 
usually disappears rapidly during the follow-up. 

12.3.3  
Rupture of the Dorsal Penile Vessels

A variety of injuries to extraalbugineal vessels can 
occur during intercourse mimicking penile fracture 
(Nehru-Babu et al. 1999; Armenakas et al. 2001). 
Deformation and immediate penile detumescence, 
however, do not occur following isolated vascular 
injury to the penis because the tunica albuginea is 
intact. When identifi ed, these lesions can be treated 
conservatively. 

Rupture of small venous collaterals is more com-
mon than injury of the main venous branches, and 
rupture of the dorsal artery is rare. Ultrasound is use-
ful to confi rm diagnosis when an intact tunica albu-
ginea is identifi ed (Bertolotto and Pozzi  Mucelli 
2004). In patients with rupture of the deep dorsal 
vessels, the hematoma is confi ned to the penile shaft 
if the Buck’s fascia is intact. If on the contrary the 
Buck’s fascia is injured, or after avulsion of the su-
perfi cial dorsal vein, the hematoma spreads involving 
the pubis, the scrotum and the perineum. In general, 
torn veins collapse and are not visible directly with 
ultrasonography, but occasionally may undergo post-
traumatic thrombosis (Fig. 12.4) and present at ultra-
sonography as non-compressible vessels with echo-
genic content (Bhatt et al. 2005). If an arterial injury 
is associated, a posttraumatic arteriovenous fi stula 
may result, with increased venous pressure and dila-
tation of the injured vein. Doppler interrogation of 
the lesion reveals high velocity, low resistance arte-
rial fl ows and high velocity, turbulent venous fl ows 
(Bertolotto and Pozzi Mucelli 2004). 

12.3.4  
Rupture of the Suspensory Ligament

This lesion can occur when the erect penis is forcibly 
displaced towards the feet (Pryor and Hill 1979). 
Diagnosis of rupture of the suspensory ligament is 
made by history and by palpation of a gap between 
the base of the shaft of the penis and the symphysis 
pubis. An abnormal angle is noted during erection. 
Ultrasonography is able to document the gap be-
tween the pubis and the penile shaft and associated 
hematomas of the soft tissues (Fig. 12.5), but usu-
ally does not provide additional useful information 
(Bertolotto and Pozzi Mucelli 2004).

Fig. 12.4a,b. Rupture of the deep dorsal vein (curved arrows) 
following vigorous intercourse. a The torn vessel presents 
with posttraumatic thrombosis identifi ed by presence of 
echogenic material within the lumen. b Color Doppler in-
terrogation shows absence of color signal within the obliter-
ated vessel

a

b
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12.3.5  
Penile Fracture

This pathological condition is characterized by mono-
lateral or bilateral rupture of the tunica albuginea of 
the corpora cavernosa, associated with injury to the 
urethra and to the corpus spongiosum in 10 to 20% of 
cases (El-Bahnasawy and Gomha 2000). Diagnosis 
is usually made from a characteristic history of sharp 
pain and hearing a cracking or popping sound dur-
ing the acute bending of the erect penis followed by 
rapid detumescence, penile swelling and deformity. 
Rare conditions exist, however, in which albugineal 
disruption does not produce immediate penile detu-
mescence because of a very small tear or in patients 
with complete penile corporeal septation presenting 
with monolateral albuginea disruption. Identifi cation 
of the albugineal tear is the most important factor in 
determining the necessity for surgical intervention 
(El-Bahnasawy and Gomha 2000). 

In patients with penile fracture, imaging is used 
to confi rm the diagnosis when clinical presentation 
is atypical, or when severe local pain and swelling 
prohibit a thorough physical examination. Ultraso-
nography is able to detect the exact site of the tear 
as an interruption of the thin echogenic line of the 
tunica albuginea (Fig. 12.6), determine whether 

cavernosal tissue protrudes through the defect and 
examine for associated hematoma (Bertolotto 
and Pozzi  Mucelli 2004; Bhatt et al. 2005). As de-
scribed before, penile hematoma is confi ned to the 
shaft when the Buck’s fascia is intact; otherwise, it 
spreads to the attachment of the Colles’ fascia in-
volving the pubis, the scrotum and the perineum.

Small albugineal ruptures may be identifi ed with 
color Doppler ultrasonography by squeezing the 
penile shaft and demonstrating a blood fl ush from 
the cavernosal bodies through the lesion (Berto-
lotto and Neumaier 1999). Identifi cation of the 
albugineal tear at ultrasound largely depends on 
operator skill and available equipment. In fact, 
false-negative cases have been reported (Koga et 
al. 1993; Pérez 1997). Increasing clinical evidence 
exists, however, showing that ultrasound should 
be currently considered the imaging modality of 
choice to evaluate patients with suspicious pe-
nile fracture ( El - Bahnasawy and Gomha 2000). 
When performed by a dedicated sonologist, indeed, 
the sensitivity of ultrasonography in detecting al-
bugineal disruption has recently increased due to 
improved spatial and contrast resolution provided 
by the latest generation of equipment ( Pavlica 1998; 
 Bertolotto and Pozzi Mucelli 2004;  Bertolotto 
et al. 2005; Bhatt et al. 2005). False-negative studies 

Fig. 12.5. Rupture of the suspensory ligament. The patient 
experienced pain after his partner’s fall during standing in-
tercourse. Longitudinal scan showing a small hematoma (*) in 
the gap between the corpora cavernosa (CC) and pubis (P)

Fig. 12.6. Penile fracture. Axial scan showing a large albu-
gineal tear (open arrows) as interruption of the thin echo-
genic line of the tunica albuginea (arrowheads) of the right 
corpus cavernosum. Associated extraalbugineal hematoma 
(*) is also recognized
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may occur only in the presence of very small tears 
having minimal or no blood extravasation. In our 
experience, conservative management of these pa-
tients could be considered even though the tear has 
been identifi ed at ultrasound or with other imaging 
modalities, with low risk of complications such as 
penile angulation or other disturbances. 

In patients with penile fracture, injury can oc-
casionally involve the cavernosal tissue deeply, and 
associated cavernosal artery tear can be detected 
at color Doppler ultrasound (Fig. 12.7). High-fl ow 
priapism, however, does not develop in these pa-
tients, probably because of blood leakage from the 
albugineal tear. In our experience no attempt should 
be made during the operation to repair the arterial 

tear in these patients because of the high risk of 
corporeal fi brosis following surgical ligation of the 
cavernosal arteries within the corpora cavernosa. 
In fact, the injured cavernosal artery usually heals 
spontaneously.

While albugineal disruption can be identifi ed at 
ultrasound in almost all surgical cases, associated 
urethral injuries can be diffi cult to detect with ul-
trasound techniques (Fig. 12.8). Sonourethrography 
can help identifying interruption of the urethral 
wall, but retrograde urethrography could be needed. 
In the absence of external penetrating traumas, an 
indirect sign of urethral injury is the presence of air 
(Fig. 12.9) in the cavernosal bodies (Bertolotto 
and Pozzi Mucelli 2004). 

Fig. 12.7a–c. Penile fracture with rupture of the right cav-
ernosal artery. a Axial scan showing a large albugineal tear 
(open arrow) of the right corpus cavernosum and associated 
extraalbugineal hematoma (*). b Axial color Doppler image 
showing color blush within the right corpus cavernosum 
consistent with extravasation of blood from the lacerated 
cavernosal artery. c Duplex Doppler interrogation of the torn 
cavernosal artery shows high-velocity turbulent fl ows

a b

c
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12.3.6  
Isolated Urethral Trauma and
High Flow Priapism

While about 20% of penile fractures are associated 
with injury to the corpus spongiosum and urethra, 
isolated urethal traumas are uncommon. Evalua-
tion of the urethra with sonourethrography can help 
identify interruption of the urethral wall; retrograde 
urethrography, however, is commonly considered 
the imaging modality of choice. High-fl ow priapism 
is usually secondary to penile or perineal trauma 
causing cavernosal artery laceration with an intact 
tunica albuginea. 

The ultrasound appearance of urethral injuries, 
grey-scale and Doppler features in patients with high 
fl ow priapism are illustrated in Chapters 10 and 19.

12.3.7  
Isolated Septal Hematoma

Recently it has been reported that injury to the erect 
penis may produce isolated disruption of the penile 
septum. Ultrasound evaluation allows early identifi -
cation of the resulting hematoma (Fig. 12.10), which 
can be recognized as a well-defi ned cystic-like area 
in the septal region (Brant et al. 2007). Hematoma 

aspiration under ultrasound guidance is recom-
mended in these patients to prevent circumscribed 
septal fi brosis and its associated symptoms, such as 
penile shortening or focal lack of rigidity.

Fig. 12.9. Small rupture of the tunica albuginea with associ-
ated urethral injury identifi ed by presence of air within the 
right corpus cavernosum

Fig. 12.8. Rupture of the corpus spongiosum. Longitudinal 
scan showing interruption of the echogenic line of the spon-
giosal albuginea (arrow) and associated soft-tissue hemato-
ma (*). A catheter (arrowheads) is placed in the urethra

Fig. 12.10. Isolated septal hematoma. Patient presenting with 
a lump in the mid shaft 1 month after severe bending of the 
erect penis during intercourse associated with pain and a 
snapping sensation. Axial scan showing a well-defi ned cys-
tic-like area in the septal region (*) consistent with postrau-
matic hematoma
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12.4  
Postraumatic Erectile Dysfunction

Patients with vertebral, pelvic or perineal injuries 
and patients undergoing extensive pelvic surgery 
can present with posttraumatic erectile dysfunction 
(Machtens et al. 2001). 

Trauma-related neurogenic impotence can result 
from isolated spinal cord injury and isolated damage 
to the penile nerves. Doppler ultrasound fi ndings may 
be normal in these patients or may show exaggerated 
response to vasoactive agents (Kim and Kim 2006). In 
fact, a sustained erection can often be obtained after 
intracavernosal injection of 5 µg prostaglandin E1 
indicating intact cavernosal smooth muscle function 
and vascular supply (Machtens et al. 2001). However, 

impaired response to the vasoactive agent is some-
times encountered and may be due to combined vas-
cular injury. Also, duration of erectile dysfunction is 
important. In fact, experimental and clinical evidence 
exists showing that denervation causes progressive 
cavernous fi brosis and consequent venous occlusive 
dysfunction, often refractory to symptomatic therapy 
(Leungwattanakij et al. 2003; Iacono et al. 2005).

Postraumatic penile arterial obstruction char-
acteristically involves the proximal portion of the 
dorsal penile and cavernosal arteries and the distal 
internal pudendal artery at the level of the urogenital 
diaphragm. The integrity of arterial vascular supply 
to the penis can be assessed by Doppler interrogation 
of the cavernosal arteries. A peak systolic velocity of 
25 cm/s or less after prostaglandin E1 intracavernosal 
injection refl ects arterial insuffi ciency (Fig. 12.11).

Fig. 12.11a–c. Postraumatic erectile dysfunction. A 32-year-
old patient who received pelvic bone fractures during a 
traffi c accident. a Doppler interrogation of the cavernosal 
arteries shows low velocity fl ows of 12 cm/s, consistent with 
postraumatic arterial insuffi ciency. b Left internal pudendal 
arteriogram shows interruption of the vascular supply to the 
penis with no opacifi cation of the cavernosal artery. c MDCT 
angiography demonstrates the same vascular features non-
invasively

a b
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Fig. 12.12. Extraalbugineal hematoma. T1-weighted MR im-
age showing a high signal intensity lesion (*) outside the 
intact tunica albuginea of the right corpus cavernosum, 
which is recognized as a low signal intensity linear structure 
( arrowheads). (Courtesy of P. Pavlica, Bologna, Italy)

12.5  
Diagnostic Role of Other
Imaging Modalities

In patients with penetrating penile traumas X-ray al-
lows identifi cation of bullets, needle fragments and 
other radiopaque foreign bodies (Fig. 12.2). Caver-
nosography has been used to assess corporal and tu-
nical rupture, with extravasation from the corpora 
considered to be diagnostic (Pliskow and Ohme 
1979; Mydlo et al. 1998). This procedure, however, 
is invasive and is not currently recommended. Po-
tential risks include infection, priapism, contrast 
reaction and cavernosal fi brosis from extravasated 
contrast medium. Moreover, false-negative results 
may occur in the presence of small tears presenting 
with minimal or no extravasation, and false-positive 
results may occur if the corpora are underfi lled or 
when fi lling of the contralateral normal cavernosal 
body is misinterpreted as extravasation (Morey et 
al. 2004). In fact, when performed by a skilled op-
erator, the diagnostic accuracy of ultrasound ap-
proaches that of cavernosography without the po-
tential hazard and radiation.

Retrograde urethrography is commonly con-
sidered the imaging modality of choice to evaluate 
urethral injury. The sensitivity of this technique, 
however, is controversial. While some authors as-
sess that virtually all urethral injury can be identi-
fi ed (Koifman et al. 2003), in other published series 
a lower effi ciency has been demonstrated (Mydlo et 
al. 1998).

For most patients with widespread acute trauma, 
CT scanning is performed as an initial diagnostic 
tool. In penetrating perineal and penile traumas, 
the presence and location of foreign bodies can be 
fully evaluated. In non-penetrating traumas injury 
to the pelvic and perineal organs can be investi-
gated. In patients undergoing CT for complex pelvic 
injuries urethral disruption can be identifi ed (Ali 
et al. 2003). In patients with post-traumatic erectile 
dysfunction high-resolution CT angiography allows 
evaluation of the arterial vascular supply to the penis 
(Fig. 12.11). Although small terminal branches and 
collaterals usually cannot be identifi ed, even when 
the blood supply to the penis is maximized with 
pharmacologically induced erection, when state-of-
the-art multiple detector-row CT equipment is used, 
CT angiography allows replacing diagnostic con-
ventional angiography to evaluate the blood supply 
to the penis in the pelvis and in the perineum. 

Magnetic resonance imaging (MRI) is an excellent 
modality for evaluating patients with acute penile 
trauma, and it has been suggested to be more sensi-
tive in detecting cavernosal tissue injury compared to 
ultrasound and cavernosography (Fedel et al. 1996). 
Due to limited availability, however, MRI is not often 
performed in the acute setting, but may be useful in 
selected cases to confi rm that a penile fracture is ab-
sent and that a non-operative approach is appropri-
ate. Disruption of the tunica appears on T1- and T2-
weighted images as loss of continuity of the low signal 
intensity tunica with or without associated high sig-
nal intensity penile hematoma. Although T1-weighted 
gadolinium-enhanced images may easily show the 
hematoma and the tunical tear, non-contrast imag-
ing is suffi cient in almost all cases to reach diagnosis. 
Associated injury to the corpus spongiosum and ure-
thra can be identifi ed. Due to excellent visualization 
of the intact tunica albuginea, isolated extracorporal 
or intracorporal hematomas without tunical rupture 
can be diagnosed (Fig. 12.12), suggesting a conserva-
tive management of the patient (Choi et al. 2000). Ex-
travasation of urine from the injured urethra appears 
as a high signal intensity collection on T2-weighted 
images. Post-traumatic periurethral and corporal 
fi brosis is depicted as low signal intensity tissue on 
both T1- and T2-weighted images. 
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13.2  
Epidemiology

The most important etiologic factor of penile cancer 
is the presence of an intact foreskin. Penile cancer is 
rarely seen in circumcised individuals (Daling et al. 
2005). A history of phimosis (i.e., narrowness of the 
opening of the prepuce) is found in approximately 
25% of penile cancer patients. Phimosis (Fig. 13.1) is 
strongly associated with invasive carcinoma of the pe-
nis (Tsen et al. 2001). Precancerous lesions are found in 
an additional 15% to 20% of patients (Maiche 1992).

The protective effect of circumcision is likely due 
to the lack of accumulation of smegma, which forms 
from desquamated epithelial cells. To date, the pre-
cise carcinogenic substance in smegma is not known. 
The protective effect of circumcision is diminished 
when performed later in life as evidenced by the 
higher incidence of penile carcinoma in Muslims as 
compared to Jews. Poor hygiene also contributes to 
the development of penile carcinoma through accu-
mulation of smegma and other irritants. In popula-
tions that practice good hygiene but are uncircum-
cised, the incidence of penile carcinoma approaches 
that of circumcised populations.

Many studies have shown the association of human 
papillomavirus (HPV) types 16 and 18 with penile car-
cinoma in as many as 50% of cases, as well as with pe-
nile carcinoma in situ (CIS) and basaloid and warty ver-
rucous varieties in more than 90% of cases (Guerrero 
et al. 2000; Daling et al. 2005; Pascual et al. 2007).

13.3  
Pathology

Malignancies of the penis are divided into primary 
malignancies, those that originate either from the 

13.1  
Incidence

Penile cancer is an uncommon malignancy in de-
veloped countries. In the United States, 1,530 cases 
occur per year. Higher incidence rates (Narayana 
et al. 1982) are seen in Africa and Asia (10% to 20%), 
and in areas of Brazil penile cancer accounts for 17% 
of all malignancies in men (Ornellas et al. 1994). 
Penile cancer most commonly affects men between 
50 and 70 years of age (Hoppmann and Fraley 1978). 
Younger individuals are also affected; approximately 
22% of patients are less than 40 years of age.
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soft tissues, urethral mucosa, or covering epithe-
lium, and secondary malignancies, those that rep-
resent metastatic disease and often affect the corpus 
cavernosum. The fi rst step in histologic diagnosing 
malignancy is the confi rmation of the diagnosis and 
assessment of depth of invasion by microscopic ex-
amination of a biopsy specimen. 

Squamous cell carcinoma (SCC) represents 95% 
of malignant disease of the penis. Sarcomas are the 
most frequent non-squamous penile cancers, fol-
lowed by melanomas, basal cell carcinomas, and 
lymphomas. Kaposi’s sarcoma presents as a well-
marginated red nodule, often isolated to the glans, 
and represents the initial site of presentation in 3% 
of patients (Katona et al. 2006).

Secondary malignancies (metastatic tumors) 
should be suspected in patients with a known di-
agnosis of cancer and present with new-onset pria-
pism (involvement of the corpora cavernosa) or an 
unusual penile lesion. Metastatic lesions are often 
multiple, palpable, painless nodules that may mimic 
syphilitic chancres. The primary malignancy is most 
often bladder, prostate, rectosigmoid areas, and the 
kidney, in 32, 30, 13, and 8%, respectively, and it is 
spread most commonly by retrograde venous dis-
semination (Hizli and Berkmen 2006).

Many penile lesions have been identifi ed as pre-
malignant to the development of invasive squamous 
cell carcinoma, including leukoplakia, balanitis xe-
rotica obliterans, Bowen’s disease, erythroplasia of 
Queyrat, and giant condyloma accuminatum. 

Balanitis xerotica obliterans is typically benign 
with 12 cases of squamous cell carcinoma associa-
tion reported in the past 30 years. Erythroplasia of 
Queyrat describes CIS involving the glans penis, 
prepuce, or shaft, whereas Bowen’s disease describes 
CIS involving the remainder of the genitalia or peri-
neal region. Bowen’s disease and erythroplasia of 
Queyrat have been noted to degenerate into invasive 
carcinoma in 5 to 10% and 10% to 33% of cases, re-
spectively (Schellhammer et al. 1992). 

The histopathologic grading is based upon the 
Broder’s Classifi cation System (I–IV) (Lucia and 
Miller 1992): grade I – cells well differentiated with 
keratinization, prominent intercellular bridges, and 
keratin pearls; grade II to III – greater nuclear atypia, 
increased mitotic activity, and decreased keratin 
pearls; grade IV – marked nuclear pleomorphism, 
nuclear mitoses, necrosis, lymphatic and perineural 
invasion, no keratin pearls, and deeply invasive.

13.4  
Clinical Presentation

The clinical presentation of an invasive penile car-
cinoma is varied and may range from an area of 
induration or erythema to a non-healing ulcer or a 
warty exophytic growth. Phimosis may obscure the 
tumor, and not until there is a bloody or foul smell-
ing discharge is the tumor diagnosed.

All penile lesions, particularly those under a non-
retractile foreskin, require a high index of suspicion 
for neoplasia. A penile lesion that does not respond 
after a short period of 2–3 weeks of careful observa-
tion and skin care requires biopsy.

Presentation is on the glans in 48% of cases 
(Fig. 13.2), the prepuce in 21%, glans and prepuce in 
9%, coronal sulcus in 6%, and shaft in less than 2% 
of cases (Burgers et al. 1992).

The physical examination is key to the clinical 
evaluation of the patient with penile cancer. The as-
sessment of the primary tumor should include the 
size, location, fi xation, and involvement of the cor-
poral bodies. The penile base and scrotum should be 
inspected to exclude neoplastic extension. 

Fig. 13.1. Patient with phimosis and an exofi tic lesion on the 
glans penis
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Careful palpation of the inguinal regions should 
be done since palpable inguinal lymphadenopathy 
is present at diagnosis in 58% of patients (range 
20%–96%). Of these patients, 45% will ultimately 
be diagnosed with metastatic carcinoma. The re-
mainder will have infl ammatory lymphadenopathy, 
which resolves following resection of the primary 
tumor and a 4–6 week course of oral antibiotics. In 
patients with nonpalpable inguinal lymph nodes at 
the time of resection of the primary tumor, 20% will 
ultimately be found to have metastatic disease in the 
superfi cial groin nodes. Late in the course of the dis-
ease, metatasis to retroperitoneal nodes, liver, lung, 
and brain can occur.

As illustrated in Chapter 14, diagnostic imaging, 
gray scale ultrasound and color Doppler ultrasound 
can assist in identifying the depth of tumor inva-
sion, particularly with regard to corpora cavernosa 
infi ltration (Lont et al. 2003a; Bertolotto et al. 
2005). An assessment of distant metastasis should 
only be performed in patients with proven positive 
nodes. Pelvis/abdominal CT scanning is used in the 
identifi cation of pelvic and/or retroperitoneal nodes 
in patients with inguinal metastases. A chest radio-
graph should be performed on patients with positive 
lymph nodes (Horenblas et al. 1991; Burgers et al. 
1992; Horenblas et al. 1993).

13.5  
Staging

There are two staging systems employed in penile 
carcinoma (Tables 13.1 and 13.2); the Jackson clas-
sifi cation and the TNM classifi cation (Jackson 1966; 
Sobin and Wittekind 2002).

Fig. 13.2. Penile tumor originating on the glans

Table 13.1. Jackson classifi cation for carcinoma of the penis

Stage Description

I Confi ned to glans of prepuce

II Invasion into shaft or corpora

III Operable inguinal lymph node metastasis

IV Tumor invades adjacent structures; inoper-
able inguinal lymph node metastasis

Table 13.2. TNM classifi cation for carcinoma of the penis

Stage Description

Tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

TIS Carcinoma in situ (Bowen’s disease, erythropla-
sia of Queyrat)

T1 Tumor invades usbepithelial connective tissue

T2 Tumor invades corpus spongiosum or caverno-
sum

T3 Tumor invades urethra or prostate

T4 Tumor invades other organs

Node (N)

NX Regional lymph nodes cannot be assessed

N0 No evidence of regional node involvement

N1 Metastasis in a single, superfi cial, inguinal 
lymph node

N2 Metastasis in multiple or bilateral superfi cial 
inguinal lymph nodes

N3 Metastasis in deep inguinal or pelvis lymph 
node(s) unilateral or bilateral

Metastasis (M)

MX Distant metastasis cannot be assessed

M0 No evidence of distant metastasis

M1 Distant metastasis present
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13.6  
Treatment of the Primary Lesion

Small tumors limited to the foreskin can be treated 
by circumcision with a 2-cm margin of clearance. 
Circumcision alone, especially with tumors in the 
proximal foreskin, may be associated with recur-
rence rates of 32%. These high recurrence rates un-
derscore the need for careful follow-up of patients 
treated by circumcision alone.

Other treatment options are Mohs’ micrographic 
surgery (Mohs et al. 1992), laser ablation using a 
neodnium-yitrium-aluminum garnet (Nd:YAG) or 
carbon dioxide (CO2) laser for the treatment of se-
lected patients with small, superfi cial penile cancers 
(Lont et al. 2006), and radiation therapy (Crook et 
al. 2002; Kharchenko et al. 2006).

Carcinomas of the penis involving the glans and 
the distal shaft are best managed by partial penec-
tomy excising 1.5 to 2 cm of normal tissue proxi-
mal to the margin of the tumor. This should leave a 
2.5- to 3-cm stump of the penis to allow directable 
micturition in a standing posture, with some coital 
function as well. Recently, several studies have con-
cluded that a 10-mm clearance is adequate for grade 
1 and 2 lesions, leaving a more acceptable penile 
stump (Agrawal et al. 2000; Minhas et al. 2005).

For bulky T3 or T4 proximal tumors involving the 
base of the penis, total penectomy with perineal ure-
throstomy is done. Often these proximal tumors are 
advanced and associated with regional metastatic 
disease.

13.7  
Treatment of Regional Lymph Nodes

The presence of palpable inguinal lymph nodes at 
the time of diagnosis may be due to infl ammatory 
reaction or metastatic disease. Only 50% of patients 
presenting with palpable lymphadenopathy actually 
have metastatic disease, the remainder having lymph 
node enlargement secondary to infl ammation. After 
4 to 6 weeks of oral antibiotics following treatment 
of the primary lesion, the patient is reevaluated for 
the presence of palpable regional lymphadenopathy. 
The development of new adenopathy during follow-
up is more likely due to tumor in 70% of the cases 
(Ornellas et al. 1994). 

The issue of the timing of a lymph node dissection 
is important, especially in those patients who present 
with no clinical sign of metastatic disease. Solsona pro-
posed three risk groups: low, intermediate, and high, 
for occult lymph node metastasis in patients with pe-
nile carcinoma and clinically negative lymph nodes.

Low-risk group were patients with stage T1-grade 
1 tumors. None of these patients developed lymph 
node metastasis on follow-up. Intermediate risk 
group were patients with stage T1-grades 2–3 tumors 
or stages T2–3-grade 1 tumors. These patients had 
a 36.4% incidence of positive lymph nodes on fol-
low-up. High-risk groups were patients with stages 
T2–3-grades 2–3 tumors with an 80% incidence of 
lymph node involvement on follow-up (Solsona et 
al. 2001). Similar data are reported by Hungerhuber 
(Hungerhuber et al. 2006).

In patients in the low-risk group of lymph node 
metastasis, a surveillance program is advised. If 
patients are considered unreliable for follow-up, a 
modifi ed inguinal lymphadenectomy is an optional 
recommendation. In patients in the intermediate 
risk group, a modifi ed lymphadenectomy is recom-
mended. The current high reliability of dynamic 
sentinel node biopsy demonstrated in recent reports 
(Lont et al. 2003b) can replace the use of a predictive 
factor in indicating the need for modifi ed lymphad-
enectomy in this risk group. In patients at high risk 
of nodal involvement, a modifi ed or radical inguinal 
lymphadenectomy should be performed.

In patients who present with positive palpable 
nodes, a bilateral radical inguinal lymphadenectomy 
is recommended. Pelvic lymphadenectomy is recom-
mended in cases where two or more positive inguinal 
lymph nodes or extracapsular invasion is found upon 
inguinal lymphadenectomy. In these cases the proba-
bility of pelvic lymph nodes is 23% when two to three 
inguinal nodes are involved and 56% when more than 
three nodes are involved (Ornellas et al. 1994).

In patients with unilateral nodal recurrence dur-
ing the follow-up, bilateral lymph node dissection 
should be done. In these cases, the probability of oc-
cult contralateral involvement is 60%–79% of cases 
due to crossover lymphatics at the base of the penis 
(Horenblas et al. 1993).

Metastasis to the pelvic nodes in the absence of 
inguinal node metastasis is an extremely rare event 
and has not been observed in many modern series 
(Fraley et al. 1989). In the setting of negative su-
perfi cial and deep inguinal lymphadenectomies and 
a negative pelvic CT scan, pelvic lymphadenectomy 
is not required.
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A modifi cation of the standard inguinal lymph-
adenectomy has been developed by Catalona 
(1988) as another option for patients with clinically 
negative inguinal lymph nodes. In patients with his-
tological negative inguinal nodes, pelvic lymphad-
enectomy is not performed. In patients with posi-
tive lymph nodes on frozen section, a bilateral iliac 
lymphadenectomy also is performed. The technique 
has been associated with less morbidity than the 
standard lymphadenectomy. 

13.8  
Lymphoscintigraphy and Sentinel Node 
Biopsy

Sentinel node biopsy, which has been extensively 
validated in breast cancer and melanoma, is being 
used increasingly in the evaluation of penile cancer. 
The concept of the sentinel node, the fi rst lymph 
node to contain metastatic cancer within a tumor’s 
lymphatic basin, was introduced by Cabanas in 
1977 (Cabanas 1977). Anatomically, the sentinel 
lymph node was discovered to be part of the lym-
phatic system around the superfi cial inferior epigas-
tric vein, and theoretically, skip metastases beyond 
this node were suppose to be a very rare event. Ca-
banas recommended bilateral sentinel node biopsy 
followed by inguino-femoral dissection only when 
biopsy of the sentinel node was positive. When the 
sentinel node is negative for metastatic disease, no 
further surgical treatment was recommended. The 
reliability of Cabana’s approach was limited by its 
relatively poor localization technique, and therefore 
failed to gain widespread acceptance. 

By combining preoperative lymphatic mapping 
with intra-operative gamma probe detection, this 
nuclear medicine procedure is used to identify sen-
tinel nodes. Horenblas et al. reported on a series of 
55 patients with clinically node-negative disease, T2 
or greater penile cancer that underwent lymphoscin-
tigraphy with 99mTechnetium nanocolloid injected 
intradermally around the tumor ( Horenblas et al. 
2000). Sentinel nodes were found intraoperatively 
using patent Blue dye injected intradermally around 
the tumor and a gamma detection probe. Regional 
node dissections were limited to patients with tu-
mor-positive sentinel nodes. A total of 108 sentinel 
nodes were removed, and 11 patients underwent a re-
gional node dissection secondary to a sentinel node 

positive for metastatic disease. A median follow-up 
of 22 months showed one patient having nodal me-
tastasis despite prior excision of a tumor-free senti-
nel node. Lymphocintigraphy offers a valid, well-tol-
erated method for lymphatic mapping and sentinel 
node identifi cation (Kroon et al. 2005; Perdona et 
al. 2006). 

13.9  
Chemotherapy

For patients with inguinal masses (Fig. 13.3) or clini-
cally positive pelvic lymph nodes, induction courses 
of chemotherapy can provide partial or complete 
clinical responses. Some response has been observed 
with a combination of cisplatin, bleomycin and meth-
otrexate (CBM). Pizzocaro evaluated neoadjuvant 
chemotherapy with combined vincristine, bleomycin 
and methotrexate in 16 patients with fi xed inguinal 
nodes (Pizzocaro et al. 1996). Nine of the 16 patients 
(56%) underwent successful surgical resection, and 
5 (31%) achieved 5-year disease-free survival. The 
Southwest Oncology Group evaluated combination 
chemotherapy with CBM in patients with metastatic 
disease. Forty patients were evaluated for response. 
There were fi ve complete and eight partial responses 
for a 32.5% response rate. The therapy was associated 
with excessive toxicity; fi ve treatment-related deaths 

Fig. 13.3. Penile lesion with involvement of inguinal lymph 
nodes at diagnosis
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occurred, and 6 of the 36 remaining patients evalu-
able for toxicity had one or more life-threatening toxic 
episodes. Recently, Hakenberg evaluated the effi cacy 
and toxicity of chemotherapy with CMB in the adju-
vant and palliative setting, and its effect on survival 
in 13 patients with locally advanced or metastatic 
penile carcinoma (Hakenberg et al. 2006). Three 
of the eight patients with adjuvant treatment showed 
no evidence of disease, while four in this group died 
from disease progression after a mean of 11 (5–20) 
months, and one died from treatment-related toxic-
ity. All fi ve patients with metastatic disease died from 
disease progression after they had shown temporary 
signs of regression. They conclude that chemotherapy 
with CMB had little effect on metastatic penile cancer, 
and responses were transient. However, patients with 
minimal disease after radical local and lymphatic re-
section seemed to benefi t from adjuvant therapy.

13.10  
Prognostic Factors and Survival

The pathologic variables with known prognostic 
value are the presence of lymph node metastasis, 
tumor thickness, stage, grade, and lymphatic and 
venous embolization, pattern of invasion and verti-
cal growth (Lopes et al. 2002; Ficarra et al. 2005; 
Guimaraes et al. 2006). 

An overall 5-year survival rate of 52% has been 
reported. This ranges from 66% in patients with 
negative lymph nodes to 27% in patients with posi-
tive nodes (Horenblas and van Tinteren 1994;
Ornellas et al. 1994) and 0–38% in patients with pel-
vic node involvement (Horenblas and van  Tinteren 
1994; Ornellas et al. 1994; Lopes et al. 2000).

13.11  
Conclusions

Penile cancer, though a rare disease, poses many 
diagnostic, staging and treatment challenges. Ac-
curate treatment and staging of the primary lesion 
are important to aid in predicting the status of the 
regional lymph nodes. Modifi ed groin lymph node 
dissection has decreased morbidity, and the recent 
description of sentinel node localization offers the 

possibility of less extensive surgery in a signifi -
cant number of patients. For patients with inguinal 
masses or clinically positive pelvic lymph nodes, 
induction courses of CMB can provide partial or 
complete clinical responses. 
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14.1  
Background

Penile tumor is uncommon in developed countries. 
As illustrated in Chapter 13, however, in some de-
veloping countries it accounts for as many as 10% to 
20% of all malignancies in men (Algaba et al. 2002; 
Pow-Sang et al. 2002). 

Worldwide differences of prevalence must be 
referred to the different social and economic situ-
ations in developed and in developing countries, to 
lack of personal hygiene and preputial phimosis. 
The prevalence of penile malignancies is very low in 
circumcised men (Burgers et al. 1992). 

The role of tobacco has been emphasized recently. 
Smoking seems to be an independent risk factor. There 
is evidence that penile malignancies are associated 
with human papilloma virus infection (HPV), particu-
larly with types 16 and 18, even though it is not possible 
to say on a scientifi c basis that cancer of the penis is a 
sexually transmitted disease (Bezerra et al. 2001). 

Most penile tumors are squamous cell carcinomas. 
Non-squamous cell primary tumors are very un-
common and include benign lesions, such as heman-
giomas (Kim et al. 1991), neurilemmomas (Kousseff 
and Hoover 1999; Jung et al. 2006) and leiomyomas 
(Stehr et al. 2000; Bartoletti et al. 2002; Liu et 
al. 2007), and malignant lesions such as epitheli-
oid sarcoma (Sirikci et al. 1999), Kaposi’s sarcoma 
(Hermida Gutierrez et al. 1995), lymphoma (El-
Sharkawi and Murphy 1996; Lo et al. 2003; Wei 
et al. 2006) and melanoma ( Sanchez- Ortiz et al. 
2005). Other penile tumors are extremely rare.

A typical tumor involving the penis of AIDS pa-
tients is Kaposi’s sarcoma (Hermida Gutierrez et 
al. 1995), but also frequency of squamous cell car-
cinoma increases. In patients with AIDS a highly 
aggressive progression of the disease has been re-
ported, possibly as a consequence of interaction be-
tween HIV-1 and HPV (Theodore et al. 2002). 

Penile Tumors: US Features 14

Giovanni Serafi ni, Michele Bertolotto, Luca Scofi enza, Francesca Lacelli,
and Nicoletta Gandolfo



116 G. Serafi ni et al.

14.2 
Staging Primary Penile Malignancies

As illustrated in Chapter 13, there are two staging sys-
tems employed in penile carcinoma: the Jackson clas-
sifi cation and the TNM classifi cation. Staging criteria 
include tumor size, depth, localization, histological 
type, grade of differentiation and involvement of the 
erectile bodies. Neoplastic embolization of lymphatic 
and venous vessels is predictive for positive groin 
lymph nodes (Sanz Mayayo et al. 2004). 

14.3  
Ultrasound Features of
Squamous Cell Carcinoma

Penile cancer is usually visible at physical examina-
tion, and diagnosis is confi rmed with biopsy. Im-
aging, however, is indicated for staging purposes. 
Ultrasonography is more accurate than clinical 
examination for measuring the extent of tumor 
(Agrawal et al. 2000; Lont et al. 2003). In particu-
lar, pathologic nodes and involvement of the corpora 
cavernosa are better recognized. 

14.3.1  
Examination Technique

Local staging of penile cancer requires intracaver-
nosal PGE1 injection. In fact, with artifi cial erection, 
the penile shaft enlarges, the tunica albuginea is 
distended, and the boundary between the corpora 
cavernosa and the surrounding structures are better 
evaluated (Kayes et al. 2007).

Unfortunately, many patients with penile cancer 
are old men with preexisting erectile dysfunction in 
whom artifi cial erection cannot be obtained even fol-
lowing intracavernosal injection of large quantities 
of vasoactive drugs. Failure to obtain artifi cial erec-
tion could produce inaccuracy in demonstrating the 
boundaries between the different penile compart-
ments, resulting in staging errors. Moreover, the tu-
nica albuginea is not distended, and focal thicken-
ing or subtle alteration of the echotexture cannot be 
evaluated. Pharmacologically induced erection can 
be very diffi cult to obtain, also in patients with very 
large tumors, because it could be diffi cult to identify 

a suitable injection site in a normal portion of the 
corpus cavernosum and because extensive corporeal 
infi ltration prevents blood entrapment within the 
erectile bodies and cavernosal pressure increase. 

14.3.2  
Tumor Appearance

At ultrasound, squamous cell carcinoma of the penis 
usually presents as an hypoechoic lesion with poor 
vascularization at Doppler interrogation. Gas bub-
bles entrapped in ulcerations present as hyperecho-
genic spots (Horenblas et al. 1994; Agrawal et al. 
2000; Bertolotto et al. 2005). Tumor infl ammation 
is common in large ulcerated tumors, especially in 
diabetic patients. Ultrasound can show increased 
vascularity of the infl amed tumor and of the sur-
rounding tissues and abscess formation (Fig. 14.1).

14.3.3 Local Staging

Frank infi ltration of the corpora cavernosa 
(Fig. 14.2) is identifi ed at ultrasound as an inter-
ruption of the echogenic interface of the tunica albu-
ginea ( Horenblas et al. 1994; Agrawal et al. 2000; 
 Bertolotto et al. 2005). 

Fig. 14.1. An 84-year-old diabetic patient with penile can-
cer and infl ammation. Axial scan showing a large tumor
(arrowheads) involving the entire glans. A fl uid collection is 
appreciable within the lesion (*) with thickened echogenic 
wall and internal debris consistent with abscess formation
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In patients with initial infi ltration the tunica al-
buginea may be not interrupted; ultrasonography, 
however, shows that the tumor is not cleaved from 
the corpora and that the tunica albuginea in contact 
with the lesion is thickened and less echogenic than 
in the remaining portions (Fig. 14.3). Identifi cation 
of these subtle changes requires an adequate penile 
turgescence and high resolution wideband probes. 
Local staging of large tumors extending to the pelvis 
cannot be obtained with ultrasound. Evaluation of 
these rare lesions requires other imaging modali-
ties, in particular, magnetic resonance imaging.

Previous studies have shown that the diagnostic ac-
curacy of ultrasound in evaluating infi ltration of the 
tunica albuginea is limited, especially in the presence 
of microscopic tumor invasion (Horenblas et al. 
1994; Agrawal et al. 2000). These studies, however, 
are more than 10 years old, or have been performed 
with inadequate equipment, and artifi cial erection 
was not obtained. Ultrasound technology progressed 
signifi cantly in the last years. Using recent appara-
tuses and an appropriate imaging technique, tumors 

circumscribed in the subepithelial tissue can be effec-
tively distinguished from those spreading to the erec-
tile bodies (Bertolotto et al. 2005). Large studies, 
however, are needed to substantiate these fi ndings.

Fig. 14.3. Squamous cell carcinoma of the penis. Local stag-
ing. Longitudinal scan showing thickening and reduced 
echogenicity of the tunica albuginea at the tip of the corpus 
cavernosum (arrowheads) consistent with tumor infi ltra-
tion. The tunica albuginea is not interrupted

Fig. 14.2a–d. Squamous cell carcinoma of the penis. Local staging. a Axial scan showing a small tumor (*) confi ned to the 
glans. b Longitudinal scan showing a tumor (*) confi ned to the subepithelial connective tissue. The tunica albuginea of 
the corpora cavernosa (arrowheads) is intact. c Larger tumor (*) with focal infi ltration (curved arrows) of the tunica albu-
ginea (arrowheads). d Large penile cancer (*) with widespread infi ltration of the corpora cavernosa. The tunica albuginea
(arrowheads) cannot be identifi ed at the tip of the corpora where the cavernosal tissue is replaced by tumor tissue

a

c

b

d
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14.4  
Ultrasound Features of
Other Penile Primary Tumors 

Ultrasound appearance of benign and malignant pe-
nile tumors different from squamous cell carcinoma 
is usually non specifi c. Diagnosis is based on history, 
clinics and biopsy. Echographic characteristics, 
however, can help in characterization of some tu-
mors and, as occurs for squamous cell carcinomas, 
imaging may be required for staging purpose. 

14.4.1  
Hemangioma

This lesion represents the more frequent benign tumor 
of the penis and typically presents as a superfi cial red-
dish spot in the glans barely visible at ultrasound or 
not visible at all. Occasionally, however, giant cavern-
ous hemangiomas may involve the entire glans and a 
variable portion of the corpora cavernosa. In these pa-
tients the lesion typically appears as a heterogeneously 
echogenic mass with multiple hypoechoic lacunae 
(Kim et al. 1991). As occurs for venous hemangiomas 
elsewhere in the body, no vascularization is apprecia-
ble at color Doppler ultrasonography. Involvement of 
the corpora cavernosa is recognized by disappearance 
of the normal echotexture of the sinusoidal spaces at 
the tip of the corpora cavernosa (Fig. 14.4).

14.4.2  
Neurilemmoma

This extremely rare benign tumor, usually capsu-
lated, arises from the nerve sheaths of peripheral 
nerves. It presents at ultrasound as a well-defi ned, 
hypoechoic rounded mass hypervascularized at 
color Doppler interrogation (Kousseff and Hoover 
1999; Jung et al. 2006). 

14.4.3  
Epithelioid Sarcoma

This rare, slowly growing mesenchymal neoplasm 
may mimic benign pathologies such as granuloma 
and Peyronie’s disease (Sirikci et al. 1999; Usta 
et al. 2003) and should be considered in the differ-
ential diagnosis of growing plaques. Ultrasonogra-
phy reveals a solid mass with multiple focal calci-
fi cations infi ltrating the corpora cavenosa (Sirikci
et al. 1999). 

14.4.4  
Kaposi’s Sarcoma 

Kaposi’s sarcoma is a rare neoplasm of vascular ori-
gin. Four variants with different clinical manifesta-
tions are recognized (Restrepo et al. 2006): classic 
(sporadic or Mediterranean), endemic (African), iat-

Fig. 14.4a,b. Giant hemangioma of the penis. a Axial scan of the glans showing inhomogeneous echotexture by presence of 
multiple hypoechoic lacunae. b Axial scan on the tip of the corpora cavernosa showing a coarse echotexture of the sinusoidal 
spaces consistent with extension of the lesion into the corpora

a b



  Penile Tumors: US Features 119

rogenic (organ transplant related) and AIDS related 
(epidemic). Kaposi’s sarcoma is the most common 
neoplasm in AIDS patients.

The exact nature of the disease is not clear, but 
current data support a tight link to human herpes 
virus 8 (HHV-8) infection (Iscovich et al. 2000).

Kaposi’s sarcoma is usually multifocal and af-
fects primarily the skin, but can cause disseminated 
disease in a variety of organs (Restrepo et al. 2006). 
It usually presents with hyperpigmented maculo-
papular, plaque-like lesions, or multiple nodules of-
ten prevalent on the lower limbs (Kagu et al. 2006). 
Nodal involvement is frequent. 

While penile involvement of disseminated Kapo-
si’s sarcoma is relatively common, Kaposi’s sarcoma 
limited to the penis is rare. Occasionally it can also 
affect HIV-seronegative patients (Guy et al. 1994; 
Koyuncuoglu et al. 1996; Mir et al. 1998; Micali et 
al. 2003). The lesion can present with diffuse penile 
swelling or with reddish maculo-papules and penile 
deformation. Excision of the penile lesion and local 
irradiation is currently considered the treatment of 
choice.

Ultrasound appearance of penile Kaposi’s sar-
coma is not specifi c. The lesion usually presents as 
a heterogeneously hypoechoic vascularized mass 
with ill-defi ned margins. 

14.4.5  
Lymphoma

Penile lymphoma is a rare neoplasm, generally 
due to a direct invasion of neighboring organs or 
to a retrograde lymphatic or hematogenic spread 
(secondary lymphoma). The real existence of a 
primary lymphomatous affection of the penis is 
a much debated question; some authors suppose 
that penile lymphoma is just an early symptom 
of an unknown lymphonodal disease (Bunesch 
Villalba et al. 2001; Lo et al. 2003; Wei et al. 
2006).

Clinically the lesion appears with diffuse penile 
swelling or like a mass, a plaque or an ulcer in the 
penile skin. Contrary to squamous cell carcinoma, 
lymphoma usually presents in the penile shaft 
rather than in the glans and prepuce. At color Dop-
pler ultrasonography penile lymphoma presents as 
an isoechoic or relatively hypoechoic hypervascu-
larized lesion (Fig. 14.5). Infi ltration of the corpora 
cavernosa is often present.

14.5  
Secondary Penile Malignancies

The fi rst case report about a secondary penile ma-
lignancy was written in 1870 by Eberth, who de-
scribed penile metastases originating from an ad-
enocarcinoma of the rectum (Eberth 1870). Two 
years later, Roberts described a secondary penile 
malignancy from a genitourinary primary tumor 
(Roberts 1872). 

Most penile metastases originate from the genital 
apparatus or from the lower urinary tract (Belville 
and Cohen 1992). In the past, bladder tumor was 
considered the major source responsible for penile 
metastases, but a relatively recent revision of the 
literature pointed out that most secondary penile 
tumors originate from prostate cancer (Perez et al. 
1992). Tumors from different organs, however, can 
be involved, such as renal, testicle, bowel and rec-
tum, lung, skin and bone malignancies. The reason 
why penile metastases are rare despite rich penile 
vascularization remains unexplained. 

Several mechanisms can account for penile met-
astatic deposits (Cherian et al. 2006). Retrograde 
venous spread is perhaps the most common way. An 
easy transportation of malignant cells is provided 
by the rich anastomotic connections between the 
dorsal venous system of the penis and the venous 
plexuses draining the pelvic viscera. This is the rea-

Fig. 14.5. B-cell lymphoma of the penis. Longitudinal scan of 
the penile shaft demonstrates a slightly heterogeneous, well-
vascularized mass infi ltrating the corpora cavernosa
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son why most secondary penile tumors arise from 
the bladder, the prostate and the recto-sigmoid. 

Retrograde lymphatic spread occurs in a similar 
way. The posterior portion of the prostate, the bladder 
base and the penis have the same lymphatic drain-
age into the external iliac nodes. This route of spread 
primarily brings metastases to the penile skin, rather 
than to the corpora or the glans. Arterial dissemina-
tion is uncommon. It can occur by direct tumor in-
fi ltration of arterial vessels, or by secondary tumor 
emboli originating from lung metastases.

Contact extension is possible from highly inva-
sive primary tumors in organs with close anatomi-
cal relationship with the penis, like the bladder and 
prostate. Tumor cell dissemination from an aggres-
sive rectal carcinoma can occur along the ischio-
rectal fossa until the base of the penis. Implantation 
secondary to instrumentation has been described, 
but appears highly unlikely.

Clinically penile metastases present with penile 
masses or diffuse induration of the penis. Priapism 
is reported with varying frequency. Obstructive 
voiding symptoms and hematuria are rarely re-
ported. Pain is not a prominent symptom in most 
patients and when present is localized partly to the 
penis and partly to the perineum. 

The diagnosis of penile metastases is based on 
history and clinical appearance. Biopsy can be use-
ful to confi rm diagnosis and to distinguish metasta-
ses from primary malignancies. Imaging has a role 
in confi rming the diagnosis and to rule out other 
causes of penile induration. 

The prognosis of secondary malignancies of the 
penis is generally poor, having in those patients a 
widespread metastatic disease. Usually therapy has 
only a palliative purpose. 

14.6  
Ultrasound Features of Penile Metastases

As told before, hematogenous or lymphatic metastases 
from distant organs usually present with cavernosal 
and spongiosal nodules of variable echogenicity and 
vascularization. Metastatic involvement from adjacent 
organs can present with multiple nodules and with dif-
fuse infi ltration on the penile shaft (Fig. 14.6). Direct 
infi ltration of the tunica albuginea from the primary 
tumor can be identifi ed as a tunical interruption at 
the base of the penis. Focal infi ltration of the tunica 

albuginea along the shaft can be detected as well as 
localized interruptions of the echogenic interface sur-
rounding the corpora (Bertolotto et al. 2005).

In patients with diffuse secondary involvement of 
the shaft or with isoechoic metastases, the lesions may 
be barely visible, except for mild alteration of the pe-
nile echotexture, diffuse or focal interruption of the 
tunica albuginea or irregular bulking of the shaft. In 
these cases, the use of ultrasonographic contrast me-
dia can help identify alteration of the penile vascular 
supply to the penis (Bertolotto et al. 2005).

14.7  
Diagnostic Role of Other
Imaging Modalities

With the exception of magnetic resonance imaging, 
which actually represents the gold standard imaging 
modality for staging, if the sonologist is confi dent with 
ultrasound penile anatomy and its changes in patho-
logical conditions, other imaging techniques are rarely 
needed to evaluate patients with penile tumors.

14.7.1  
Cavernosography 

This technique has been used in the past for evalu-
ation of penile tumors that appear as fi lling defects 
within the erectile bodies (Escribano et al. 1987; 
Haddad 1989). It is an invasive procedure, however, 
that may cause severe complications and currently 
is not indicated. 

14.7.2  
CT

This technique has a limited role in local staging of 
patients with penile tumors. In fact, while CT and 
magnetic resonance imaging are equally effective to 
identify pathological nodes, the relationships of the 
tumor with adjacent structures are better evaluated 
with magnetic resonance imaging because of higher 
contrast resolution. In advanced penile cancers TC 
has a role in identifi cation of distant metastatic de-
posits. CT is also indicated in patients with lym-
phoma apparently localized to the penis to check for 
the presence of other localizations of the disease. 
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14.7.3  
Magnetic Resonance Imaging

This technique represents the gold standard imag-
ing modality for staging primary penile malignan-
cies. Since it provides better contrast resolution than 
ultrasound, the margins between the mass and the 
erectile bodies are more clearly visualized, and bet-
ter tumor staging is obtained (Fig. 14.7). A recent 
study on a large series of 55 tumors shows a sensitiv-
ity of 89%, 75% and 88% and a specifi city of 83%, 
89% and 98% in staging correctly T1, T2 and T3 
tumors, respectively (Kayes et al. 2007).

14.7.3.1  
Examination Technique 

As occurs for ultrasound, intracavernosal PGE1 in-
jection is required (Kayes et al. 2007) because with 
artifi cial erection the penile shaft enlarges, and the 
boundary between the tumor and the surrounding 
structures is better evaluated. Failure to obtain erec-
tion can lead to staging errors.

Different imaging protocols can be used. In gen-
eral, when the tumor is small, superfi cial coils are 
preferred to obtain a better spatial resolution. At least 
an axial T1-weighted and axial, sagittal and coronal 

Fig. 14.6a–c. Penile metastases. a Advanced bladder cancer. 
Axial scan of the penile shaft demonstrates diffuse (*) and 
nodular (N) metastatic involvement of the corpora caver-
nosa. b Advanced prostate cancer showing isoechoic, barely 
visible metastatic nodules (*). The tunica albuginea is thick-
ened and hypoechoic, in particular, on the right dorsal as-
pect (arrowheads), and boundaries with the right cavernosal 
body are ill defi ned, consistent with tumor infi ltration. c Bi-
opsy proved diffuse infi ltration of the shaft from recurrent 
bladder cancer. No distinct nodules are appreciable. The 
tunica albuginea is thickened, but no interruption is visible

a b

c



122 G. Serafi ni et al.

T2-weighted sequences should be produced. If gado-
linium is administered, fat-saturated T1-weighted 
images should be obtained on the three planes before 
and after contrast administration. Axial T1-weighted 
images of the pelvis are obtained using a pelvic coil to 
look for inguinal or obturator lymphadenopathy. In 
patients with large (T3–T4) tumors the pelvic coil is 
used to obtain information on invasion of adjacent or-
gans producing images of the entire pelvis along dif-
ferent planes on both T1-weighted and T2-weighted 
images and after contrast administration.

14.7.3.2  
Appearance of Squamous Cell Carcinoma

At magnetic resonance imaging, squamous cell 
carcinomas are usually hypointense or isointense 
relative to the corpora on T1-weighted images and 
hypointense on T2-weighted images (Pretorius 

et al. 2001; Vossough et al. 2002). Compared with 
the corpora poor enhancement is usually observed 
(Pretorius et al. 2001; Vossough et al. 2002). As 
a consequence, local staging of the disease is best 
accomplished on T2-weighted images.

14.7.3.3  
Appearance of Other Penile Primary Tumors

Penile tumors different from squamous cell carci-
noma usually present non-specifi c features. Urethral 
carcinoma and sarcomas are usually hypointense or 
isointense relative to the corpora on T1-weighted 
images and hypointense or heterogeneous on T2-
weighted images (Pretorius et al. 2001; Vossough 
et al. 2002). They enhance less than the normal cor-
pora. Large lesions present with inhomogeneous 
signal intensity and enhancement characteristics 
(Antunes et al. 2005). 

Fig. 14.7a–c. Comparison 
between ultrasound and mag-
netic resonance imaging in lo-
cal staging of penile cancer. a 
Longitudinal ultrasound scan 
showing tumor infi ltration of 
the right corpus cavernosum 
(*). b,c Tumor infi ltration (*) 
is better depicted with sagit-
tal T2-weighted images (b) 
and with sagittal T1-weighted 
images (c) after gadolinium 
administration

a

b c
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Penile hemangiomas present at magnetic reso-
nance imaging with high signal intensity on T2-
weighted images. This technique is indicated espe-
cially in large hemangiomas to assess the extent of 
the lesion and evaluate the involvement of the cor-
pora cavernosa (Kim et al. 1991).

Neurilemmoma of the glans penis presents with 
high signal intensity on T2-weighted images and 
strong enhancement on contrast-enhanced T1-
weighted images (Jung et al. 2006).

Compared with signal intensity of the corpora 
cavernosa, epithelioid sarcoma is homogeneously 
isointense on T1-weighted images and inhomoge-
neously isointense (Sirikci et al. 1999) or hypoin-
tense (Oto and Meyer 1999) on T2-weighted im-
ages. Homogeneous or heterogeneous enhancement 
is observed after contrast agent injection. Kaposi’s 
sarcoma is characterized by relatively strong tu-
moral enhancement after contrast material admin-
istration (Restrepo et al. 2006).

Penile lymphomas are usually hypointense on T1-
weighted images and hyperintense on T2-weighted 

images. After gadolinium administration the lesions 
show variable, usually prominent enhancement. In-
fi ltration of the corporeal bodies can be recognized 
(Kendi et al. 2006). Primary melanoma of the penis 
is often hyperintense on both T1- and T2-weighted 
images and enhances strongly (Vossough et al. 
2002). 

14.7.3.4  
Appearance of Secondary Tumors

Penile metastases present with variable features at 
magnetic resonance imaging. In most cases, single 
or multiple discrete enhancing nodules are identi-
fi ed, which usually display low signal intensity on 
both T1- and T2-weighted images and variable en-
hancement after gadolinium administration (Kendi 
et al. 2006). In case of diffuse infi ltration of the 
shaft from adjacent cancer, invasion of the proximal 
portion of the tunica albuginea is recognized, and 
the cavernosal tissue is progressively replaced by 
enhancing tumor tissue (Fig. 14.8).

Fig. 14.8a–c. Diffuse metastatic involvement of the penis in a patient who 
had undergone cystectomy and prostatectomy 5 years before for bladder 
cancer. The patient presented with painless penile induration of 1-month 
duration and blood discharge from the urethral stump. Sagittal magnetic 
resonance scans. a T1-weighted image showing a relatively hypointense 
soft-tissue mass (*) between the rectum and the pubic bone consistent 
with tumor recurrence. Tissue of the same signal intensity fi lls up the 
corporeal bodies and the corpus spongiosum. b T2-weighted image con-
fi rming the presence of a recurrent tumor (*). The normally hyperdense 
cavernosal and spongiosal tissue is replaced by tissue with the same 
signal intensity of the recurrent tumor. The tunica albuginea is inter-
rupted at the base of the penis (curved arrow), but is still visible along 
the shaft despite widespread corporeal infi ltration. c T1-weighted image 
obtained after gadolinium administration showing diffuse homogeneous 
enhancement of the recurrent tumor mass involving the penile shaft

b

c

a
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15.1  
Background

A variety of surgical procedures have been described 
to treat various penile diseases. Nowadays the pur-
pose of all surgical techniques in penile surgery is 
not only the correct treatment of the primary con-
dition, but also to preserve sexual function and to 
maintain cosmesis of the penis. 

Surgical Treatment of Penile Disease: 15
Current Indications
Giovanni Liguori, Giuseppe Ocello, Stefano Bucci, Carlo Trombetta,
and Emanuele Belgrano

15.2  
Penile Cancer

Penile cancer is a rare tumour in Europe with an in-
cidence of 1 per 100,000 men per year (Busby and 
Pettaway 2005). As illustrated in Chapter 13, it is 
most commonly diagnosed in the 6th and 7th decades 
of life, but can occur at any age, including childhood. 
Squamous cell carcinoma is by far the most common 
malignant disease of the penis, accounting for more 
than 95% of cases. Malignant melanomas and basal 
cell carcinomas are less common. Mesenchymal tu-
mours such as Kaposi’s sarcoma, angiosarcoma, and 
epithelioid haemangioendothelioma are very uncom-
mon, with an incidence rate of less than 3%.

In case of penile cancer, imaging is generally not 
needed for diagnosis because the tumour is usually 
visible at physical examination. The main purpose 
of penile imaging is to evaluate the degree of infi l-
tration of the corpora cavernosa. As a matter of fact, 
tumours involving the foreskin may be treated by 
circumcision alone, and lesions involving the glans 
or shaft may be treated by local wedge excision; un-
fortunately, local recurrence may occur in up to 50% 
of patients (Narayana et al. 1982). For lesions in-
volving the glans and distal shaft, partial penectomy 
should leave a residual penile stump suitable for up-
right micturition and sexual function. Involvement 
of the proximal shaft requires total penectomy. Ex-
tension to the perineal body, pubis, or scrotum in 
the absence of metastatic disease may require more 
extensive resection and adjuvant chemotherapy.

Although radical surgery gives excellent control of 
the primary tumour, it is mutilating and probably un-
necessary in case of low-grade and low-stage tumours 
(Brown et al. 2005). In these cases conservative tech-
niques such as laser therapy, cryotherapy, photody-
namic therapy, topical 5-fl uorouracil, or local excision 
(glansectomy and reconstruction) give better cosmetic 
and functional results (Solsona et al. 2004).
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Current guidelines of the European Association of 
Urology (EAU) on the management of penile cancer 
strongly recommend a penile-preserving approach 
for patients with TIS–T1 G1–G2 tumours that can 
commit to a regular surveillance programme, and the 
guidelines suggest that a penile-preserving approach 
may also be an option in very selected patients with 
T1 G3 and T<2 disease whose tumours occupy less 
than 50% of the glans (Solsona et al. 2004).

15.3  
Erectile Dysfunction

Erectile dysfunction is defi ned as the consistent 
inability to achieve or maintain penile erection 
satisfactory for sexual intercourse. It is estimated 
that some form of erectile dysfunction will develop 
in 52% of men between the ages 40 and 70 years 
( Melman and Gingell 1999).

Non-surgical treatment alternatives for erectile 
dysfunction include psychological, endocrinological, 
neurological, and pharmacological therapy, including 
oral, topical, and intraurethral delivery agents, and 
external device modalities (Riley and  Athanasiadis 
1997). For patients in whom none of these therapies 
have proved to be successful, a variety of surgical pro-
cedures have been developed during the years (Rao 
and Donatucci 2001). Surgical interventions have 
consisted primarily of penile prosthesis insertion and 
arterial bypass surgery. Venous leakage surgery for 
corporeal veno-occlusive dysfunction came later in 
the mid-1980s to early 1990s (Sharlip 1990). 

15.3.1  
Penile Prosthesis Implantation

Penile prosthesis implantation is an effective surgical 
option for treatment of severe vascular erectile dys-
function. However, it remains the third-choice thera-
peutic option after failure of other less invasive proce-
dures (Wespes et al. 2003; Wespes et al. 2006).  

15.3.2  
Penile Revascularization Surgery

Penile revascularization is a very useful urological 
tool in vasculogenic post-traumatic impotence, but 

correct selection of the patients is mandatory. The 
ideal candidates for this kind of surgery are young 
men with no signifi cant vascular risk factors and 
whose impotence can be related to arterial lesions of 
the pudendal, common penile, or cavernous arter-
ies due to pelvic bones fractures or blunt perineal 
trauma (Goldstein and Krane 1992). 

Patients with concurrent traumatic veno-occlusive 
dysfunction following blunt pelvic or perineal trauma 
should not be considered for revascularization pro-
cedures. In fact, this situation is not a rare fi nding
(Munarriz et al. 1995) and would affect patient 
prognosis unfavourably (Merckx et al. 1992). More-
over, patients with signifi cant vascular risk factors 
are poor candidates for by-pass surgery and are en-
couraged to consider other options for treating their 
impotence (Hatzichristou and Goldstein 1991).

Various penile revascularization techniques have 
been described in the last 20 years (Newman and 
 Reiss 1982; Shaw and Zorgniotti 1984; Sharlip 
1990; Sharaby et al. 1995), but in our opinion each of 
them should be personalized depending on the path-
ological fi ndings encountered in each single case. In 
addition, preference should be given to physiological 
revascularization procedures whenever possible. Se-
ries published in the past 10 years have used a variety 
of procedures. Long-term successful results in these 
studies, with admittedly varied patient populations, 
indications, and techniques, have ranged from 25% 
to 80% (Rao and Donatucci 2001).

In our opinion, the anastomosis according to the 
Sharlip technique is the best solution because it en-
visages a retrograde revascularization of the cavern-
ous artery through the common penile trunk. For 
this reason we usually anastomosed the epigastric 
artery on the dorsal artery of the penis end-to-end 
in the proximal direction (Fig. 15.1). This technique 
has been associated with the most success and the 
fewest complications (Wespes et al. 2003).

15.3.3  
Penile Venous Surgery

In selected cases, patients with venous leakage can 
be treated with penile venous dissection and liga-
tion. Penile venous resection decreases the number 
of channels for venous outfl ow from the penis and, 
therefore, increases venous resistance improving erec-
tions. Many published series show an important im-
provement at short-term follow-up, but a poor result 
at long-term follow-up (Treiber and  Gilbert 1989; 



  Surgical Treatment of Penile Disease; Current Indications 127

fl aps have been applied. With the development of 
the microsurgical techniques, free fl aps also were 
introduced in phalloplasty. 

In his review of surgical techniques, Hage re-
ports that for reconstruction of the phallus in non-
transsexual men a variety of techniques have been 
suggested or used (Hage et al. 1993), including bi-
pedicled single abdominal fl aps (Mcindoe 1948), 
bipedicled tube-within-tube fl aps, infraumbilical 
pedicled fl aps (Hotchkiss et al. 1956), scrotal fl aps 
(Mukherjee 1980), groin fl aps (Song 1982), thigh 
fl aps ( Orticochea 1972), pedicled myocutaneous 
gracilis fl aps (Devine et al. 1987), pedicled myocu-
taneous rectus abdominis fl aps (Chang and Hwang 
1984), free microsurgical forearm fl aps (Shenaq and 
Dinh 1989), and free microsurgical upper arm fl aps 
(Jordan et al. 1987).

For phalloplasty in female-to-male transsexu-
als the following techniques have been described: 
 Bogoras bipedicled abdominal tubed fl aps ( Bogoras 
1936), Maltz-Gillies tube-in-tube bipedicled fl aps 
(Maltz 1946), Stanford inside-out infraumbilical 
fl aps (Hentz et al. 1987), subcutaneous pedicled infra-
umbilical fl aps (Bouman 1987), pedicled groin fl aps 
(Bouman 1987), pedicled thigh fl aps ( McGregor 
and Jackson 1972), pedicled myocutaneous fl aps 
(Kaplan 1971) , free microsurgical forearm fl aps 
(Alanis 1969; Kao et al. 1984) and miscellaneous free 
fl aps (Puckett et al. 1982; Gilbert et al. 1987).

The creation of a phallus has been associated with 
multiple surgical problems, and efforts are ongoing 
to improve the function and appearance. The older, 
insensate phallus shrivelled, and efforts to provide 
stiffness were associated with fi stula formation and 
cutaneous erosions. Generally the initial desire of fe-
male-to-male transsexuals is not a functional phal-
lus, but to void while standing in the men’s bath-
room to elude this closure. Most patients express 
only a desire for a good appearance in swimsuits, 
while only some transsexuals would like to be able 
to use the phallus sexually. 

The ideal phalloplasty technique should be a one-
stage procedure, be cosmetically acceptable to both 
patient and partner, construct a neourethra to permit 
voiding whilst standing, have suffi cient rigidity for 
vaginal penetration, have tactile and erogenous sensi-
tivity, and have minimal scarring in the donor area.

Since the fi rst reported description of phallo-
plasty (Maltz 1946), a considerable variety of other 
techniques has been described, but, in our opinion, 
the gold standard technique for phalloplasty has not 
been described yet because each of them should be 

Fig. 15.1. Penile arterial revascularization. Photograph 
showing the isolated epigastric artery before anastomosis 
with the dorsal artery at the root of the penis

Wespes et al. 1992; Sasso et al. 1996;  Schultheiss et 
al. 1997; Popken et al. 1999; Da Ros et al. 2000). 

Several different factors can account for the im-
portant failure rate of penile venous surgery. In-
ability to accurately diagnose concomitant arte-
rial disease and differences in the extent of venous 
dissection probably account for many of the early 
patient failure. With the use of stricter diagnostic 
inclusion criteria and a more aggressive surgical 
approach, many of these early failures could have 
been avoided. The development of collateral venous 
circulation is the most likely cause of late failure. Fi-
nally, another reason for failure is that ligation of 
penile veins may not address the true underlying 
pathologic disorder in many patients in whom cav-
ernosal smooth muscle disease reduces compliance 
of the corpora cavernosa.

15.4  
Reconstructive Phallic Surgery

Phalloplasty is considered to be one of the most 
challenging procedures in reconstructive surgery 
(Upton et al. 1987). The development of techniques 
of phalloplasty has paralleled the evolution of fl ap 
development in reconstructive surgery itself. Ini-
tially, random tubed pedicled fl aps were used. Sub-
sequently, pedicled island fl aps and myocutaneous 
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personalised depending on the patient’s desires or 
expectations and surgeon’s skill. 

The highest priority of most patients is the ability 
to urinate in public while standing, but this objec-
tive is the hardest to reach due the high complica-
tions rate. Distal urethral stenosis is the commonest 
urethral complication and this is due to ischemic ne-
crosis of the most distal part of the labial tube. This 
would be particularly more common in patients who 
have a longer phallus and, therefore, need a longer 
labial tube constructed. 

In case of patients who wish a functional phallus 
to void while standing and to engage in sexual in-
tercourse like a natural man, we think that the fore-
arm free skin fl ap (Shenaq and Dinh 1989) would 
be a suitable donor area because it is soft, uniformly 
thin in subcutaneous tissue, and has a long vascular 
pedicle (Fig. 15.2).

If on the contrary patients expressed only a desire 
for a good appearance in swimsuits, pubic phallo-
plasty (Bettocchi et al. 2005) is a simple and rela-
tively quick procedure, leading to minimal scarring 
or disfi gurements in the donor area. It is well ac-
cepted by the patient and his partner and occasion-
ally rigid enough for penetrative sexual intercourse 
(Fig. 15.3).

15.5  
Sex Reassignment Surgery Male-to-Female

Ideal surgical procedure to construct female genitalia 
in a male transsexual should be a one-stage proce-
dure, produce a vagina adequate for intercourse, and 
have a cosmetic result that is virtually indistinguish-
able from a normal female subject. The procedure 
to reconstruct the female genitalia includes bilateral 
orchiectomy and penectomy and consists of creation 
of an urethrostomy, neovagina (vaginoplasty), con-
struction of normal-appearing labial structures (la-
bioplasty), and of sensate clitoris (clitoroplasty).

Neovaginal construction in male-to-female trans-
sexuals during sex reassignment surgery may be done 
by different techniques: inversion of a penile skin fl ap 
alone (Rubin 1993), penile fl ap combined with a scro-
tal fl ap (van Noort and Nicolai 1993), and bowel 
neovagina using sigmoid colon (Dalton 1981), and 
detebularized ileum (Burger et al. 1989). Up to now 
not enough long-term data are available to determine 
which procedure provides the best results. 

Complications of sex reassignment surgery are well 
known. Early postoperative complications are haem-
orrage or haematoma, infection, rectovaginal, peri-

Fig. 15.2. Phalloplasty with forearm free skin fl ap. Photograph 
showing the fl ap completely isolated

Fig. 15.3. Pubic phalloplasty. The phallus is fashioned 
from a fl ap of anterior abdominal wall skin
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neal or urethrovaginal fi stula, and partial necrosis of 
the fl aps, while late postoperative complications are 
stenosis of the vagina, prolapse of scrotal fl aps, and 
the presence of a too-long urethral stump (Karim et 
al. 1996; Eldh et al. 1997; Liguori et al. 2001). 

Sex reassignment surgery has been performed on 
thousands of transsexual patients during the past 30 
years and is now coming to the forefront of urology. 
Although urological treatment of male transsexuals 
is becoming more common, few follow-up studies 
have been reported in the literature. Moreover, there 
is an evident diffi culty in objective evaluation of re-
sults, and in fact consistent published information is 
lacking in the international literature. 

15.6  
Congenital and Acquired Deformity

Congenital penile curvature is caused by a dispro-
portion between the corpora cavernosa and the 
corpus spongiosum, resulting in dorsal or ventral 
curvature, or between the two corpora cavernosa, 
resulting in lateral curvature.

Penile curvature is usually evident only when the 
penis is in erection. Although the curvature is usually 
not severe enough to warrant surgical correction, in 
some cases it may lead to sexual dysfunction or inter-
fere with intercourse due to diffi culty in penetration. 

Peyronie’s disease is the most frequent cause of 
acquired penile curvature with an estimated preva-
lence of 0.4% in Caucasian men (Montorsi et al. 
2000; Lindsay et al. 1991). No medical therapy is 
fully effective, and surgery remains the gold stan-
dard in patients with severe deformity and/or erec-
tile dysfunction who fail conservative measures. The 
indications for surgical correction of penile bending 
include severe curvature, narrowing, or indentation, 
and severe penile shortening of more than 1 year du-
ration with sexual diffi culty or partner discomfort 
because of deformity (Gholami and Lue 2001).

15.6.1  
Shortening Procedures

These reconstructive techniques are performed on the 
convex surface of the penis at the site opposite to the 
penile plaque, are the easiest to perform, and require 
the least expertise. Patient selection is extremely im-

portant. Shortening procedures are most appropri-
ate for patients with useful erection, adequate penile 
length, and without hourglass deformity. Nesbit fi rst 
described the correction of congenital erectile defor-
mities by shortening the opposite side of the penis 
by the excision of an ellipse of tunica albuginea. The 
Nesbit operation is performed by excising one or more 
ellipsoid wedge resections of the tunica albuginea on 
the side opposite to the curvature (Fig. 15.4) and clos-
ing the albugineal defects with running absorbable 
sutures. The overall results are satisfactory, with a 
success rate of 82%. A literature review has confi rmed 
these favourable results (Pryor 1998). 

The most common complication of this procedure 
is loss of penile length. This complication does not 
preclude most men from having sexual intercourse. 
Other complications reported include erectile dys-
function, penile hematoma, penile narrowing, and 
urethral injury (Ralph et al. 1995). 

A modifi cation of the Nesbit operation was de-
scribed by Yachia (1999) in which, instead of re-
moving an ellipse of tunica albuginea, a long lon-
gitudinal incision or multiple smaller longitudinal 
incisions are made in the area of maximum cur-
vature of the corpora cavernosa (Fig. 15.5). These 
incisions are then closed horizontally to straighten 
the penis providing equal clinical success with less 
morbidity. Many surgeons claim a high percentage 
of good results with this technique, reporting high 
satisfaction rates (Sassine et al. 1994; Daitch et 
al. 1999). 

Wedge resection or incision of the tunica albu-
ginea requires extensive dissection of the neurovas-
cular bundle or corpus spongiosum. A simplifi ed 
approach for correcting penile curvature is corpo-
real plication, in which two or three pairs of non-
absorbable longitudinal plication sutures are placed 
through the full thickness of the tunica albuginea 
on the side opposite the curvature. Some investiga-
tors describe high recurrence rates and poor results 
with prolonged follow-up. The literature reports 
signifi cant variation in the result, ranging from 38% 
to 100% satisfactory results (Essed and Schroeder 
1985; Schultheiss et al. 2000). 

15.6.2  
Lengthening Procedures 

These reconstructive techniques correct penile cur-
vature while restoring the length of the curved short-
ened penis. Surgery is performed on the convex side 
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of the penis and requires plaque excision or incision 
with grafting. This procedure is indicated in case of 
severe curvature and shortened and deformed pe-
nis with narrowing or hourglass deformities. Many 
autologous, cadaveric, and synthetic materials have 
been described with different results for replacement 
of the tunica albuginea (Kovac and Brock 2007). 

In the past excision of the plaque has been the 
standard approach. Unfortunately there was a great 
variability in the outcome of plaque excision. The 

most common problem was erectile dysfunction in 
case of removal of large areas of tunica albuginea 
and surrounding cavernosal tissue with the plaque 
(Kendirci and Hellstrom 2004). In order to re-
duce the surgery-related traumatism to the erectile 
tissue, plaque incision and grafting was introduced, 
rather than excision (Fig. 15.6). Temporalis fascia 
graft was fi rst described (Gelbard and Hayden 
1991); nowadays a segment of the long saphenous 
vein is usually used (Brock et al. 1993).

Fig. 15.4a,b. Nesbit op-
eration. a Allis clamps 
are applied contigu-
ously on the longer 
portion of the tunica 
albuginea until a com-
plete straightening of 
the penis is achieved. 
b After closing the 
albugineal defects 
with running absorb-
able sutures, artifi cial 
erection confi rm the 
straightening of the 
penis

a b

Fig. 15.5a,b. Yachia operation. a Multiple longitudinal incisions are made in the area of maximum curvature. b Incisions 
are closed horizontally to straighten the penis

a b
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16.1  
Background

A variety of surgical procedures has been developed 
to manage different penile pathologies and malfor-
mations. Penile surgery produces anatomical and 
vascular changes that can be successfully investi-
gated with grey scale and color Doppler ultrasonog-
raphy. In particular, early and late surgical compli-
cations can be identifi ed, and postoperative changes 
of the normal ultrasound appearance of the penile 
envelopes, of the penile bodies and of fl ow charac-
teristics in the penile vessels can be investigated. 
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Michele Bertolotto, Paola Martingano, Andrea Spadacci,
and Maria Assunta Cova

16.2  
Common Postoperative Complications

As occurs in surgical procedures elsewhere, penile 
hematoma, other postoperative fl uid collections and 
infection are the most common complications of pe-
nile surgery. In the course of time, hematomas pres-
ent with different ultrasound features (Doubilet et 
al. 1991). Acutely, their content can appear echogenic; 
then, they become hypoechoic and organize present-
ing with complex echogenic areas, anechoic regions 
and septations. Lymphatic and serous collections are 
uncommon and usually appear anechoic. 

Grey-scale ultrasonography allows evaluation of 
the relationships between postoperative fl uid collec-
tions and the normal penile anatomical structures 
(Bertolotto et al. 2005). In particular, the Buck’s 
fascia becomes appreciable as a layer distinct from 
the tunica albuginea when fl uid extravasation accu-
mulates between them. The Colles’ fascia is barely 
visible in pathological conditions as well, but it is 
possible to assess whether a fl uid collection develops 
in the space between the Buck’s and the Colles’ fascia 
when it is identifi ed above the deep dorsal vessels.

High-fl ow priapism has been reported as a rare 
complication of penile surgery. Cavernosal artery in-
jury may be produced during insertion of the needle 
used to obtain the hydraulic erection (Liguori et al. 
2005) and, in patients with ischemic priapism, during 
aspiration of the blood entrapped within the corpora 
cavernosa (McMahon 2002). Also surgical shunting 
procedures in patients with ischemic priapism can oc-
casionally complicate with cavernosal artery injury 
and high-fl ow priapism. The site and fl ow characteris-
tics of the arterial cavernosal fi stula can be evaluated 
at color Doppler ultrasound, which demonstrates ex-
travasation of blood from the lacerated artery present-
ing with a characteristic color blush of variable size. 
Duplex Doppler interrogation of the lesion shows high-
velocity, turbulent fl ows (Bertolotto et al. 2003).
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16.3  
Straightening Operations

As described in Chapter 15, surgical correction of 
penile curvature can be either approached with short-
ening or with lengthening procedures. In patients 
with congenital or acquired penile bending, short-
ening procedures provide excellent results in terms of 
preservation of erectile function, but the result is loss 
of penile length because straightening is obtained 
with excisions or plications of the tunica albuginea at 
the opposite site of the curvature. Lengthening pro-
cedures with grafting are indicated in patients with 
severe curvature resulting in severe shortening, nar-
rowing or hourglass deformities. In these operations 
the diseased tunica albuginea is replaced by a variety 
of autologous tissues, cadaveric tissues and synthetic 
materials. In patients who underwent straightening 
surgical procedures, grey-scale and color Doppler 
ultrasonography allows an excellent evaluation of 
postoperative anatomical changes and complications 
(Bertolotto et al. 2005).

16.3.1  
Shortening Procedures

As described in Chapter 15, a shortening procedure 
was fi rst described by Nesbit in 1965 to correct 
congenital penile curvature and was subsequently 
used also in patients with Peyronie’s disease (Nesbit 
1965). Following the Nesbit’s operation, grey-scale 
ultrasound allows identifi cation of the albugineal 
excisions as interruptions of the echogenic inter-
face of the normal tunica albuginea (Bertolotto 
et al. 2005). The albugineal sutures are visible as 
echogenic knots (Fig. 16.1). These features are better 
visualized in the early postoperative period, because 
the absorbable sutures are intact and a small amount 
of fl uid is often present that eases their identifi ca-
tion. A modifi cation of the Nesbit operation was de-
scribed by Yachia (1990). Postoperative ultrasound 
fi ndings are similar to the Nesbit operation. 

In patients with corporeal plication ultrasonogra-
phy shows small lumps next to the albugineal sutures 
extending within the corpora cavernosa (Bertolotto 
et al. 2005). In patients with normal erection before 
surgery after shortening procedures, postoperative 
erectile dysfunction is uncommon. When present, 
color Doppler interrogation allows evaluation of the 
penile arteries and identifi cation of leakage pathways.

16.3.2  
Lengthening Procedures 

Grey-scale ultrasonography allows identifi cation 
of albugineal sutures after lengthening operations 
as well (Bertolotto et al. 2005). As described for 
shortening operations, their visualization is better 
in the early postoperative period. In these patients 
the albugineal patch is usually identifi ed as an in-
terruption of the normally appreciable hyperechoic 
interface of the tunica albuginea. The appearance 
of the graft is different depending on its composi-
tion (Fig. 16.2). Dermal grafts, for instance, are in 
general hyperechoic and thicker than the normal 
tunica albuginea, while the saphenous grafts appear 
less echogenic (Bertolotto et al. 2005). Also these 
fi ndings are better appreciable early after the opera-
tion. Regardless of composition, albugineal grafts 
become progressively thinner with time, and their 
appearance becomes similar to the surrounding na-
tive tunica albuginea within 4–6 months. 

Causes of surgical failure or complications fol-
lowing lengthening operations can be evaluated with 
grey-scale and color Doppler ultrasonography. In 
particular, residual or recurrent plaque can be iden-
tifi ed in patients with Peyronie’s disease (Fig. 16.3), 
and epidermoid cysts have been described in dermal 
grafts (Fig. 16.4) developing from inclusion of surface 
epithelium (Savoca et al. 1999). In patients with post-
operative penile narrowing, indentation or bulging, 
ultrasound allows to confi rm contracture or relax-
ation of the graft with cavernosal tissue herniation.

Fig. 16.1. Patient with congenital curvature of the penis 
who had undergone a Nesbit operation 10 days earlier. Lon-
gitudinal image obtained on the side opposite the curva-
ture shows the albugineal sutures as hyperechogenic knots
(arrowheads). A small amount of fl uid (*) above the tunica 
albuginea eases their identifi cation 
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Fig. 16.3. Residual plaque in a patient with Peyronie’s dis-
ease who had undergone saphenous vein grafting. The patch 
( arrowheads) appears less echogenic than the adjacent tuni-
ca albuginea. Sutures are visible as hyperechogenic dots. The 
residual plaque (open arrows) is visible as a localized thick-
ening of the tunica albuginea with a coarse calcifi cation

Fig. 16.4a,b. Epidermoid cyst in a patient with Peyronie’s
disease who had undergone plaque excision with dermal 
grafting 7 years earlier. a Axial ultrasound image showing a 
well-circumscribed echogenic lesion with acoustic enhance-
ment (*). At histologic analysis, the lesion proved to be an 
epidermoid cyst arising from the graft, probably originating 
from accidental inclusion of surface epithelium. b Photograph 
showing an elastic, mobile, painless tumescence that had de-
veloped at the site of the graft on the dorsum of the penis. 
(Reprinted with permission from: Bertolotto M, Serafi ni G, 
Savoca G, Liguori G, Calderan L, Gasparini C, Pozzi Mucelli R 
(2005) Color Doppler US of the Postoperative Penis: Anatomy 
and Surgical Complications. RadioGraphics 25:731–748)

Fig. 16.2a,b. Albugineal patches in patients with Peyronie’s disease who had undergone penis lengthening operations. The grafts 
are identifi ed as interruptions of the normally appreciable hyperechoic interface of the tunica albuginea. a Longitudinal image 
showing a dermal graft that appears as a thick, echogenic interface (open arrows). b Axial image showing a saphenous vein graft 
(arrowheads) that appears less echogenic than the adjacent tunica albuginea. Sutures are visible as hyperechogenic dots

a b

a

b

Color Doppler ultrasonography allows evalua-
tion of postoperative erectile dysfunction. While 
leakage pathways are commonly observed close to 
the plaque in patients with severe Peyronie’s disease 
( Bertolotto et al. 2002), after lengthening opera-
tions their identifi cation is uncommon. It is conceiv-
able that the scarring process following the operation 
could produce closure of leakage pathways adjacent 
to the graft. 
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16.4 
Prosthesis Implantation 

Implantation of an infl atable penile prosthesis is usu-
ally the surgical treatment of choice after unsuccess-
ful medical therapy. Implantation of other types of 
prosthesis or other surgical procedures can be con-
sidered only in selected cases (Carson et al. 2000).

Ultrasound (Fig. 16.5) provides a good visualiza-
tion of the corporeal cylinders, scrotal pump and 
defl ation valve of infl atable devices (Bertolotto 
et al. 2005). Visualization of the abdominal reser-
voir is usually better when the penis is fl accid since 
a greater amount of fl uid is collected within it. Also 
tubing is visualized, but not in its whole extent. 

Rods of silicone rubber of semi-rigid and mal-
leable penile prosthesis present at ultrasound as 
echo-poor structures within the corpora cavernosa 
(Basu et al. 2002). The central metal core of mal-
leable prostheses appears as an echogenic structure 
with a characteristic comet-tail artifact. 

Infection is the most devastating complication of 
the implant, which usually requires removal of the 

prosthesis followed by cavernosal fi brosis. Diagno-
sis is based on clinics (Carson 2001; Montague et 
al. 2001). Ultrasound can be useful in these patients 
to evaluate the extent of cavernosal fi brotic changes 
before prosthesis reimplantation. 

Mechanical malfunctions of semi-rigid and mal-
leable prostheses are unusual, and imaging evalu-
ation is seldom necessary. Rupture of a semi-rigid 
prosthesis can be documented both at ultrasound 
and with other imaging techniques, but it is usually 
obvious on physical examination as well (Cohan et 
al. 1989; Basu et al. 2002). Breaking of the metallic 
core of malleable prosthesis can be more diffi cult to 
evaluate. Mechanical malfunction of infl atable penile 
prostheses can result from tear or aneurysmal dila-
tation of the corporeal cylinders, fl uid leaks, pump 
retraction, kinked tubing and erosion. The incidence 
of these complications has greatly reduced in recent 
times, thanks to improved prosthesis design. Diagno-
sis of tear of corporeal cylinders is often obtained at 
physical examination of the penis with the prosthesis 
in the infl ated state. Diagnosis is confi rmed at ultra-
sound, which shows deformation of the torn cylinder 
and fl uid extravasation (Bertolotto et al. 2005). 

Fig. 16.5a–d. Infl atable penile prosthesis. a,b Axial ultrasound images of the penile shaft obtained before (a) and after (b) 
infl ation of the corporeal cylinders show the cylinders as anechoic structures replacing the cavernosal tissue. c Abdominal 
reservoir (*). d Scrotal pump (*) and defl ation valve (open arrow) 

a

c

b

d
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16.5  
Vascular Surgery for Impotence 

Among the organic causes of erectile dysfunction, 
a variety of pathological conditions can account for 
impotence of vascular origin (Lue 2000). Arterio-
genic causes enclose atherosclerotic or traumatic ar-
terial occlusive disease. Failure of adequate venous 
occlusion may result from different pathophysiologic 
processes such as structural alteration of the cor-
pora cavernosa and degenerative changes or trau-
matic injury to the tunica albuginea. As illustrated in 
Chapter 15, a series of surgical procedures has been 
developed in order to restore penile vascular sup-
ply in patients with arterial insuffi ciency or increase 
penile engorgement reducing venous outfl ow. The 
widespread use of oral pharmacotherapy with effi ca-
cious drugs has dramatically reduced the indications 
of these procedures. As a consequence, penile vascu-
lar surgery can now be considered in selected cases 
only (Sharlip 1990; DePalma 1997; Hauri 1998). 

In patients undergoing vascular surgery for im-
potence, preoperative color Doppler ultrasonogra-
phy is indicated to evaluate cavernosal arterial fl ows 
and to assess penile vascular anatomy, with concern 
for size of the dorsal arteries, for presence of ana-
tomic variations and for collateral arterial vascular 
pathways (Bertolotto et al. 2005). 

Identifi cation of connections between dorsal and 
cavernosal arteries and between the right and left 
cavernosal artery is of paramount importance to plan 
the revascularization procedure. In fact, the size of 
dorsal penile arteries is often asymmetric, and anas-
tomosis between the inferior epigastric artery to the 
dorsal artery can be performed only if at least one 
dorsal artery is present with adequate diameter. Ar-
terial anastomoses between right and left cavernosal 
arteries can be observed in virtually all patients, while 
connections between the dorsal and the cavernosal 
arteries are less common. When these communica-
tions exist, epigastric-to-dorsal artery anastomosis 
can be performed following the physiological direc-
tion of fl ow. The dorsal artery supplies the ipsilateral 
cavernosal artery through the connections and then 
the contralateral cavernosal artery through intercav-
ernosal arterial communications. When these com-
munications cannot be demonstrated a retrograde 
revascularization should be done using the Sharlip 
technique, in which the blood fl ows from the epi-
gastric to a dorsal artery with inverted fl ow towards 
the common penile trunk, and the origin of the cav-

ernosal arteries (Sharlip 1990). Several urologists, 
however, prefer the Sharlip technique in every case 
(Wespes et al. 2003). If the size of both dorsal arter-
ies is not adequate, deep dorsal vein arterialization 
could be considered. In the attempt to reduce venous 
outfl ow, penile arterial revascularization can be as-
sociated with dissection of the superfi cial dorsal vein 
and ligation or dissection of the deep dorsal vein.

After the operation, color Doppler ultrasonog-
raphy allows evaluation of the postoperative vas-
cular anatomy and of blood fl ow characteristics 
( Bertolotto et al. 2005). In patients with arterial 
revascularization, retrograde or anterograde arte-
rial fl ow is recorded in the dorsal artery, depending 
on the surgical procedure (Fig. 16.6, Fig. 16.7). The 

Fig. 16.6a,b. Penile arterial revascularization following the 
physiological direction of fl ow. a Longitudinal color Doppler 
image obtained on the dorsal aspect of the base of the penis 
shows the anastomosis between the epigastric artery (open 
arrow) and the right dorsal artery (curved arrow) and an 
arterial communication connecting the right dorsal artery 
with the right cavernosal artery (arrowhead). b Axial image 
obtained on the ventral aspect of the penile shaft shows an-
other arterial communication (arrowhead) connecting the 
right dorsal artery with the right cavernosal artery

a

b
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anastomosis between the epigastric and the dorsal 
artery is identifi ed at the root of the penis. Early in 
the postoperative period, soft tissue swelling and a 
small perivascular hematoma are often present. Fol-
lowing cavernosal prostaglandin injection, duplex 
Doppler interrogation shows increased velocity fl ow 
in the epigastric and in the dorsal artery. Abnormal 
enlargement of the corpus spongiosum can be appre-
ciated due to increased vascular supply via the dorsal 
artery and, retrogradely, via the urethral arteries. In 
revascularization following the physiological direc-
tion of blood, cavernosal artery fl ow increases distal 
to connections with the dorsal artery, while in ret-
rograde arterial revascularization cavernosal artery 
fl ow increases from the root of the penis. 

In patients with deep dorsal vein arterializa-
tion color Doppler ultrasonography allows evalu-
ation of the anastomosis between the inferior epi-

gastric artery and the deep dorsal vein. Following 
this surgical intervention, the venous wall is thick, 
with stratifi ed appearance, as a consequence of ar-
terialization changes. The corpus spongiosum and 
the glans markedly increase in size, with dilated si-
nusoidal spaces, while only a mild engorgement of 
the corpora cavernosa is observed. Dilatation of the 
perispongiosal veins is often detected, as a conse-
quence of the increased pressure in the entire penile 
venous system (Fig. 16.8).

The major problem of revascularization pro-
cedures is early or late closure of the anastomosis 
(Hauri 1998). Color Doppler ultrasonography is 
able to identify this complication and to detect blood 
fl ow changes that occur in the penile vessels. Rarer 
complications, such as aneurysmal dilatation of the 
anastomosis or priapism, can be evaluated as well 
(Bertolotto et al. 2005). 

Fig. 16.7a,b. Penile arterial retrograde revascu-
larization (Sharlip technique). a Longitudinal 
color Doppler image obtained on the dorsal 
aspect of the base of the penis shows the anas-
tomosis between the epigastric artery (open 
 arrow) and the right dorsal artery (curved 
 arrow) with retrograde fl ow. b Axial image of 
the penile shaft shows abnormal enlargement of 
the corpus spongiosum (*)

a

b
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16.6  
Circumcision 

Either performed for ritual reasons or associated 
with other penile surgical maneuvers, circumcision 
can occasionally lead to complications of varying 
degrees of severity ranging from minor to fatal ( El-
 Bahnasawy and El-Sherbiny 2002; Ben Chaim et 
al. 2005;  Erdemir 2006). Besides bleeding and infec-
tion, skin or meatal injury can occur with forma-
tion of inclusion cysts, urethrocutaneous fi stulas or 
meatal stenosis. Partial or complete glans amputa-
tion has been rarely reported, as well as ischemia or 
necrosis of the glans penis. Diagnosis of these com-
plications is based on clinical appearance. Imaging 

is usually not required. Grey-scale and color Doppler 
ultrasonography may have a role to characterize in-
clusion cysts and to evaluate the extent and depth of 
the ischemic process in patients with ischemia of the 
glans (Barnes et al. 2006). 

Keloids developing after circumcision or deglov-
ing from excessive tissue response to skin trauma 
can be recognized at grey-scale ultrasonography 
as relatively hyperechoic lesions (Erdemir 2006). 
Posterior attenuation may be present. Iatrogenic 
albugineal scars can rarely result from injury of 
the corporeal tip. They present at ultrasound as 
a circumscribed thickening of the tunica albu-
ginea, associated or not with corporal deformation 
(Fig. 16.9).

Fig. 16.8a–c. Arterialization of the deep dorsal vein. a Axial 
scan demonstrating engorgement of the corpus spongiosum 
(*) that appears larger than the corpora cavernosa. b Longitu-
dinal scan of the distal portion of the corpora cavernosa dem-
onstrating enlargement of the corpus spongiosum (*) and 
dilatation of the perispongiosal veins (arrowheads). c Axial 
scan showing the deep dorsal vein (curved arrows) with thick, 
stratifi ed wall as a consequence of arterialization. (Reprinted 
with permission from: Bertolotto M, Serafi ni G, Savoca G, 
Liguori G, Calderan L, Gasparini C, Pozzi Mucelli R (2005) 
Color Doppler US of the Postoperative Penis: Anatomy and 
Surgical Complications. RadioGraphics 25:731–748)

a b

c
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16.7  
Penile Augmentation Procedures

A variety of procedures have been introduced to 
obtain augmentation of penile girth and length. The 
injection of foreign substances into the penis for 
the purpose of augmentation may result in erec-
tile dysfunction, voiding diffi culties and severe 
deformity (Kalsi et al. 2002). Diagnosis is usually 
straightforward, and imaging is not required. Ul-
trasound, however, may be useful to evaluate the 
extent of acute and chronic infl ammatory changes. 
Surgical division of the suspensory ligament is the 
most commonly used operation for penile elonga-
tion. Postoperative ultrasound is able to document 
the gap between the pubis and the penile shaft, but 
usually do not provide clinically useful information 
(Bertolotto and Pozzi Mucelli 2004). 

16.8  
Shunt Surgery for Ischemic Priapism

Low-fl ow, ischemic priapism must be treated as soon 
as possible because prolonged cavernosal ischemia 
leads to corporeal fi brosis and permanent erectile 
dysfunction. If medical management is unsuccess-
ful, surgical management must be considered. 

As described in Chapter 15, the principle of surgi-
cal correction of ischemic priapism is connecting the 
engorged corpora cavernosa with the glans, the cor-
pus spongiosum or veins. Glans-cavernosum anas-

tomosis, in particular, can be performed following 
the Winter technique with a large biopsy needle or 
a scalpel inserted percutaneously through the glans 
(Winter 1976), or following the Al-Ghorab tech-
nique by excising a piece of the tunica albuginea at 
the tip of the corpora cavernosa. Proximal shunting 
may be considered only if more distal shunting pro-
cedures have failed to relieve the priapism. 

Glans-cavernosum shunts created using the Win-
ter technique can be identifi ed at gray-scale ultra-
sonography as anechoic tubular structures with ir-
regular margins extending from the glans into the 
corpora cavernosa. Interruption of the tunica albu-
ginea at the tip of the corporeal bodies is identifi ed 
in these patients as well as in shunts created with the 
El-Ghorab technique (Fig. 16.10). No Doppler signals 
are in general appreciable within the shunts because 
of very slow fl ows (Bertolotto et al. 2005). As a 
consequence, Doppler interrogation cannot help 
assessing shunt patency. A case of proximal veno-
corporeal shunt has been described in which venous 
blood fl ow through the shunts was shown at color 
Doppler ultrasonography (Chiou et al. 1999). 

In our experience, high-velocity cavernosal
artery fl ows are recorded early after successful shunt 
surgery, with variable resistance depending on the 
degree of deturgescence reached (Lue and  Pescatori 
2006). Conversely, low-velocity, high-resistance fl ows, 
or absence of fl ows, are observed in cavernosal arter-
ies of patients in whom treatment failed. 

Occasionally proximal shunting can complicate 
with high-fl ow priapism because of iatrogenic in-

Fig. 16.9. Albugineal scar within the balanopreputial fold 
(arrowheads) following circumcision

Fig. 16.10. Glans-corpus cavernosum shunt in patients with 
ischemic priapism. Al-Ghorab technique. The shunt (open
arrows) appears as an interruption of the tunica albuginea
(arrowheads) connecting the corpus cavernosum with the 
glans
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jury of the cavernosal arteries during the interven-
tion. We observed this complication also in a patient 
with a Winter shunt in whom the scalpel produced 
an arterial injury in the glans with formation of 
an arterial cavernosal communication (Fig. 16.11). 
In patients with high-fl ow priapism after shunting 
procedures, color Doppler ultrasonography allows 
evaluation of the vascular lesion and shows high-
velocity fl ows in the cavernosal arteries, consistent 
with penile hypervascularization.

16.9  
Sex Reassignment Surgery

As described in Chapter 15, a variety of surgical 
procedures for phalloplasty have been developed 
but, unfortunately, a good substitute for the unique 
erectile tissue of the penis does not exist. The ma-
jor complication of phalloplasty is formation of 
urethral cutaneous fi stulas in up to two of three 
cases, requiring defunctionalization of the urethral 
anastomosis. Other common postoperative compli-
cations are extrusion of the prosthesis and stricture 
anastomosis between the native urethral stump and 
the neourethra (Hage et al. 1993). 

US appearance of the neophallus is heterogeneous, 
refl ecting the echotexture and echogenicity of the ex-
planted subcutaneous and muscular tissue. The neo-
urethra is visualized after saline instillation as an 
anechoic tubular structure. Both the arterial and the 
venous vascular supply of the neophallus can be evalu-
ated with color Doppler ultrasonography. When pres-
ent, also the prosthesis can be evaluated with the same 
ultrasonographic appearance described in the native 
penis. In general, diagnosis of complications after 
phalloplasty requires imaging in selected cases only. 
In particular, ultrasonography can be useful to evalu-
ate patients with infection. Urethrosonography can be 
useful to evaluate fi stulas and strictures of the neoure-
thra and to document hair growth in the lumen of the 
neourethra, which appears at ultrasound as echogenic 
linear structures (Bertolotto et al. 2005). 

Imaging is usually not required in male-to-female 
gender transition. Ultrasound, however, is able to de-
pict the normal postoperative anatomy of these pa-
tients showing the prostate, the urethral stump, the 
neovagina and remnants of the corpus spongiosum 
and of the corpora cavernosa. Vascularization of the 
neoclitoris can be evaluated with Doppler techniques 

Fig. 16.11a,b. Winter shunting procedure complicated with 
high-fl ow priapism. a Color Doppler image showing a color 
blush in the glans displaying aliasing consistent with iatro-
genic injury of an arterial vessel. b Duplex Doppler interroga-
tion of the vascular lesion confi rms diagnosis of arterial-sinu-
soidal fi stula by presence of high velocity, turbulent fl ows

(Fig. 16.12). Complications such as sloughing off of 
the neovaginal wall, abscess formation and ischemia 
of the neoclitoris can be identifi ed.

16.10  
Urethral Surgery

Urethral strictures can be treated with dilatation, in-
ternal urethrotomy or urethroplasty. The male ure-
thra can be accurately studied with ultrasonography 
either preoperatively or intraoperatively (Morey and 
McAninch 2000; Pavlica et al. 2003). The posterior 
tract can be investigated while voiding using linear 

a

b
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high-frequency endorectal probes; the anterior tract 
can be explored using high-frequency linear trans-
ducers placed to the ventral aspect of the penis, scro-
tum and perineum while voiding or after distension 
of the urethal lumen with saline solution or jelly. After 
urethral surgery, sonourethrography is effective to 
evaluate restricture, diverticula, fi stulas and other 
complications (Fig. 16.13). Small postoperative anas-
tomotic leaks, however, may not be recognized.

16.11  
Follow-Up of Patients with Penile Tumors

Surgical treatment of penile tumors consists of 
either partial or total penectomy. Ultrasound can 
be helpful during the follow-up to identify normal 
postoperative fi ndings, common postoperative com-
plications and recurrence. In particular, grey-scale 
ultrasonography can be indicated to identify recur-
rence of tumors arising in the coronal sulcus of the 
penis since the site of excision is usually covered 
by skin and postoperative scarring can present as 
hard at palpation. Moreover, during the postopera-
tive follow-up of glans tumors, ultrasonography is 
more effective than physical examination alone to 
evaluate the deep extent of established tumor re-
currence and relationship with the urethra and the 
corpora cavernosa. 

16.12  
Diagnostic Role of Other
Imaging Modalities

If the sonologist is confi dent with ultrasound pe-
nile anatomy and its changes in pathological condi-
tions, other imaging techniques are rarely needed 
to evaluate patients who had undergone penile sur-
gery. However, conditions exist in which imaging 
modalities different from ultrasound may provide 
clinically useful information. 

Injury to the metallic core of malleable prosthe-
ses can be detected on pelvic radiographs (Cohan 
et al. 1989; Hovsepian and Amis 1989; Chiou et al. 
1999). Despite the excellent radiopacity of the silver 
core, however, diagnosis is often diffi cult, and many 
fractures have been missed or their severity under-
estimated using standard radiographic technique. 
Modern infl atable penile prostheses usually contain 
saline, which cannot be seen radiographically. 

Retrograde urethrography and micturition cys-
tourethrography are considered the standard imag-
ing techniques for the morphological and functional 
study of the urethra after uretral surgery as well. 
Dynamic infusion cavernosometry and cavernosog-
raphy have been widely used in the past to evaluate 
patients with venous leakage before and after venous 
ligation surgery (Velcek and Evans 1982; Nehra et 
al. 1996). The role of these techniques faded since 
venous surgery has been virtually abandoned.

Fig. 16.12a,b. Sex reassignment surgery. Normal postoperative anatomy. a Sagittal scan with translabial approach showing 
neovagina (V), prostate (arrowheads), urethra (U), bladder (B), rectum (R) and pelvic bones (*). b Duplex Doppler inter-
rogation of the neoclitoris

a b
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Internal pudendal angiography provides precise 
localization of penile arterial lesions in patients who 
are candidates for arterial revascularization surgery 
(Bookstein 1988). The effi cacy of such studies re-
quires excellent visualization of the small arteries 
that constitutes the penile blood supply. In order to 
achieve this objective, penile arterial infl ow must be 
maximized with pharmacologically induced erec-
tion. Also postoperative arterial anatomy and sur-
gical complications can be fully investigated with 
this technique (Fig. 16.14), but angiography is only 
rarely required because enough clinically useful in-
formation is in general obtained with less invasive 
procedures.

Using state-of-the art multiple detector-row CT 
(MDCT) equipment, high-resolution CT angiog-
raphy examinations are obtained, which allow re-
placing diagnostic conventional angiography for 
many clinical applications. In fact, submillimeter 
section scanning allows production of high-qual-
ity MPR images, and reformation images can be 
created from one helical acquisition with approx-
imately the same spatial resolution as sections 
from the original acquisition. In our experience 
MDCT angiography allows preoperative planning 
and postoperative control of patients undergoing 
penile vascular surgery providing the same clini-
cally useful information as conventional penile 
angiography (Fig. 16.15). Similar to angiography, 

Fig. 16.14. Complicated dorsal vein arterialization. Arteri-
ography shows the inferior epigastric artery (open arrow) 
connected to the deep dorsal vein (arrowhead) and marked 
hyperemia of the glans (curved arrow) requiring reoperation 
with ligation of the distal portion of the arterialized vein

also MDCT angiography requires pharmacologi-
cally induced erection to maximize penile arte-
rial inf low in small penile vessels. The advantage 
of MDCT over color Doppler ultrasonography is 
evaluation of the entire arterial vascular supply 
to the penis from the iliac arteries to the caverno-
sal and dorsal branches. However, small terminal 
branches and collaterals cannot be usually iden-
tified, while they are readily evaluated at color 
Doppler ultrasonography. 

Besides evaluation of penile blood supply to the 
penis, MDCT can be indicated to evaluate large 
postoperative fl uid collections and complications 
of urethral surgery such as diverticula, fi stulas and 
postoperative strictures (Chou et al. 2005). Also 
prosthesis malfunction can be investigated in pa-
tients who are not candidates for magnetic reso-
nance imaging. Moreover, in patients with penile 
and urethral malignancies, CT is often used after 
the operation to evaluate the pelvis in suspicious 
postoperative complications extending into the 
perineum and into the pelvis, such as fi stulas and 
infl ammation. Also tumor recurrence and pelvic 
lymphadenopathies can be evaluated effectively.

MRI has gained acceptance in the last years in 
evaluation of penile prosthesis (Pretorius et al. 
2001; Vossough et al. 2002). However, the charac-
teristics of the prosthesis must be evaluated before 
the examination because some types of old devices 

Fig. 16.13. Complications after urethral surgery. Axial image 
obtained after retrograde distention of the urethra with sa-
line solution shows a hair-bearing ectatic neourethra (curved 
 arrows) in a man with bladder exstrophy and urethral dupli-
cation corrected during childhood using a scrotal skin fl ap
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Fig. 16.15a,b. Penile arterial revascularization. a MDCT angi-
ography shows the right epigastric artery (arrowheads) anas-
tomosed with the right dorsal artery (curved arrow). Metallic 
vascular clips are present along the course of the epigastric 
artery. b Magnetic resonance angiography showing the same 
vessels (arrowheads and curved arrow). Compared with CT 
visualization of the epigastric artery is hampered by artifacts 
from the metallic vascular clips, presenting as signal void re-
gions, and visualization of the arterial anastomosis is masked 
in part by superimposition of penile veins

a

could contain ferromagnetic components that con-
traindicate this imaging modality (Vossough et 
al. 2002). The appearance of penile prosthesis at 
MRI depends on the characteristics of the device. 
Semi-rigid silicone prostheses will appear as sig-
nal void structures within the corpora cavernosa 
on T1- and T2-weighted images. Infl atable penile 
prostheses appear as fl uid-fi lled low signal inten-
sity structures. After prosthesis implantation, the 
corpora cavernosa form a fi brous pseudocapsule 
around the implant that presents with low signal 
intensity on both T1- and T2-weighted images. 

In patients with penile prosthesis, MRI allows 
evaluation of penile abscesses and fi stulas. Infec-
tions in the space between the pseudocapsule and 
the prosthesis present with low signal intensity on 
T1-weighted images and high signal intensity on T2-
weighted images (Pretorius et al. 2001). Also me-
chanical penile malfunctioning can be evaluated.

In patients with phallic reconstruction, MRI allows 
excellent evaluation of normal postoperative anatomy, 
of urethral pathologies and of prosthesis-related com-
plications. This examination, however, is not com-
monly used in the clinical practice. MRI allows detailed 
investigation of postoperative anatomy and surgically 
related complications also in male-to-female gender 
transition (Cova et al. 2003). Neovaginal depth and 
inclination, presence of remnants of the corpus spon-
giosum and corpora cavernosa, and thickness of the 
rectovaginal septum can be fully investigated.

In patients who are candidates for penile vascu-
lar surgery, magnetic resonance angiography can 
be used to delineate the internal iliac and proximal 
pudendal arteries and any associated pelvic ab-
normality that might cause impotence. Because of 
limited spatial resolution and artifacts, however, 
this examination technique cannot adequately as-
sess the pudendal arteries, especially in the para-
rectal space (John et al. 1999). Moreover, the most 
distal portions of the penile arterial tree are often 
obscured by superimposition of signal from penile 
veins (John et al. 1999). Finally, metallic devices are 
often present in patients with post-traumatic impo-
tence that produce artifacts and reduce image qual-
ity substantially. In fact, preoperative evaluation of 
patients undergoing penile revascularization proce-
dures cannot be obtained using magnetic resonance 
angiography alone. Doppler ultrasound, MDCT an-
giography and conventional digital subtraction an-
giography remain the imaging modalities of choice. 

Visualization of small penile vessels at magnetic 
resonance angiography can be diffi cult also during 

postoperative evaluation of patients. Although evalu-
ation of the anastomosis between the epigastric arter-
ies and the penile vessels is usually possible using su-
perfi cial coils (Fig. 16.15), metal vascular clips might 

b
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produce artifacts. In the clinical practice enough 
clinically useful information is usually obtained in 
these patients with color Doppler ultrasonography. 

Due to multiplanar capabilities and excellent 
soft-tissue contrast resolution magnetic resonance 
imaging is the imaging modality of choice to evalu-
ate deep tumor recurrence and surgical complica-
tions in the pelvis and perineum of patients operated 
for penile or urethral malignancies ( Pretorius et 
al. 2001). Similar to contrast-enhanced CT, pelvic 
lymphadenopathies can be identifi ed.
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17.1  
Background

Penile infl ammations caused by infections of the 
glans and foreskin are common pathological entities 
that occur in about 11% of male genitourinary clin-
ics attendees. This group of pathologies, however, 
has a poor radiological relevance except in cases of 
severe infl ammation with involvement of the cor-
pora cavernosa or abscess formation (Pearle and 
Wendel 1993).

Penile Infl ammation 17

Giovanni Serafi ni, Michele Bertolotto, Francesca Lacelli,
Luca Scofi enza, and Nadia Perrone

17.2  
Cellulitis

Cellulitis is an infl ammation of the connective tis-
sue underlying the penile skin that can be caused 
by normal skin fl ora or by exogenous bacteria, and 
often occurs where the skin has previously been bro-
ken: cracks in the skin, cuts, burns, insect bites and 
surgical wounds. The mainstay of therapy is treat-
ment with appropriate antibiotics.

17.3  
Balanitis and Balanoposthitis

Balanitis is defi ned as an infl ammation of the glans 
penis; when infl ammation involves the prepuce it is 
called balanoposthitis. Balanitis and balanoposthi-
tis are collections of disparate conditions with simi-
lar clinical presentation and different aetiologies, 
which can be classifi ed into infective, irritant and 
traumatic, premalignant, malignant and idiopathic 
(Janier et al. 2006). Diagnosis is based on clinics, 
laboratory and microbiological fi ndings. Usually 
imaging is not required. 

17.3.1  
Infective Balanitis

Candida albicans is the most frequent cause of 
balanitis and usually follows intercourse with an 
infected sexual partner. However, infection may oc-
cur without sexual contact, usually in those patients 
suffering from diabetes or under antibiotic therapy 
(Huuskonen and Aaltomaa 2006).

The pathogenicity of the yeast depends on the 
host factors, in particular on the immunological 
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condition. The clinical features include severe itch-
ing and pain, presence of red patches and blisters in 
the glans and around the foreskin, a non-purulent 
skin surface, slightly scaling edge and eroded satel-
lites pustules. The groin may also be affected. 

Trichomonal infection occurs more commonly in 
the prepuce and presents as a superfi cial or erosive 
balonoposthitis. Phimosis may occur. In this case, 
it is possible to detect severe cancer-like lesions or 
penile abscesses.

Chlamidial balanitis is a non-specifi c form of ir-
ritation that comes from a contiguous urethritis. 
Balanitis and balanoposthitis caused by anaerobes 
may be severe, with superfi cial erosions, oedema of 
the prepuce, foul smelling discharge and inguinal 
lymphoadenopathy (Palacios et al. 2006).

17.3.2  
Non-Infectious Balanitis 

Poor hygiene, retained soap, detergents, retained 
smegma or inadequate drying may cause an irri-
tant dermatitis. Frictional traumas and accidental 
wounds can cause fi ssures, erosions or localised 
area of erythema and oedema. Post-coital frenal 
erosions, in particular, are common.

Whenever an unresolving balanitis is in progress, 
premalignant conditions should be taken into con-
sideration, such as Queyrat erythroplasia, extrama-
mmary Paget’s disease, Lichen planus and balanitis 
xerotica obliterans (Palacios et al. 2006).

17.4  
Cavernositis

Infection of the corpora cavernosa can be a serious 
life-threatening complication of intracavernosal drug 
injection. Other causes include spreading of perineal 
infl ammatory processes and complicated penile celluli-
tis or balanitis. Cavernous tissue ischaemia represents a 
predisposing factor, in particular, in diabetic patients.

Treatment includes antibiotics, bilateral corporot-
omy, debridement and placement of intracorporeal 
irrigation and suction drains. Acute purulent caver-
nositis often fails to respond to conservative therapy 
and requires penile amputation. In case of recovery, 
severe fi brotic cavernosal changes usually develop 
producing irreversible erectile dysfunction.

17.5  
Penile Abscesses

Penile abscesses are uncommon. They usually result 
as a complication of an advanced or untreated super-
fi cial balanitis or cellulitis, from infection of the cor-
pora cavernosa, or following a systemic infection with 
lymphatic or haematogenous dissemination (Sater 
and Vandendris 1989). Immuno-compromised pa-
tients are at high risk of developing a penile abscess. 
Diabetic patients may develop penile infections after 
surgical manoeuvres or prosthesis implantation. 

Clinical features of penile abscesses include both 
systemic (fever, leucocytosis) and local symptoms 
such as redness, oedema and painful swelling of the 
foreskin and purulent discharge with or without in-
guinal lymphadenopathy. Persistent infl ammation 
can cause urethral narrowing, with urine reten-
tion or post-fl ogistic stenosis (Koksal et al. 1999; 
 Sommerauer et al. 2006; Nielson et al. 2007).

17.6  
Penile Mondor’s Phlebitis

Thrombophlebitis of the deep dorsal vein, also known 
as penile Mondor’s phlebitis, is an infl ammatory reac-
tion of the involved vessel associated with thrombus 
formation. Other causes of thrombosis of the deep 
superfi cial vein have been illustrated elsewhere. 

Clinically, the patients present with a rod-like 
painful induration in the dorsal aspect of the shaft. 
Clinical signs and symptoms suggestive for throm-
bophebitis, such as fever and local pain, can be pres-
ent. The disease is usually treated with fi brinolytics 
and anticoagulation, associated with discontinu-
ance of sexual activity. Spontaneous resolution usu-
ally occurs within 6–8 weeks.

17.7  
Ultrasonographic Features

The role of ultrasonography in balanitis and bala-
noposthitis is exclusively to rule out complications, 
such as involvement of the erectile bodies or abscess 
formation.
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Cellulitis presents at colour Doppler ultrasonog-
raphy with superfi cial tissue thickening, inhomo-
geneous echotexture and hypervascularization at 
colour Doppler interrogation (Fig. 17.1). No altera-
tion of the erectile bodies is appreciable. During the 
follow-up a progressive restoration of the normal 
appearance of the penile tissues is appreciable.

Cavernositis presents at colour Doppler ultraso-
nography with markedly increased vascularity of the 
cavernosal bodies (Fig. 17.2). Echotexture of the cor-
pora cavernosa may be altered. Oedema produces in-
creased echogenicity, while microabscesses present as 
hypoechoic areas. Usually the infl ammatory process 
involves the superfi cial tissues as well, which present 
thickened, inhomogeneous and hyperhaemic. 

Penile abscesses present at ultrasonography as 
hypoechoic collections with corpuscolated content 
and internal debris. As occurs for abscesses else-
where, a thick wall can be present with vascular 
signals at Doppler interrogation. Thrombosis of the 
dorsal vessels can be associated.

Ultrasonography is able to defi ne the abscess loca-
tion, evaluate the relationships with the adjacent struc-
tures and guide drainage. In fact, most penile abscesses 
are confi ned within the superfi cial layers, outside the 
tunica albuginea, while other spread deeply in the tis-
sues surrounding the corpora cavernosa or involve the 
corpora cavernosa themselves (Fig. 17.3).

In patients with thrombophlebitis of the dorsal 
vein (Fig. 17.4), grey-scale and colour Doppler ultra-
sonography show thickened vessel wall and complete 
or segmental thrombosis (Dicuio et al. 2005; Abaci 
et al. 2006; Shamloul and Kamel 2006), which can 
be occasionally associated with thrombosis of the 
circumfl ex veins. In complete thrombosis, no Dop-
pler signal is recorded.

17.8  
Diagnostic Role of Other
Imaging Modalities

CT and magnetic resonance imaging has a limited 
role in the management of infl ammatory processes 
confi ned to the penis. These imaging modalities, 
however, can have a role in widespread infl am-
matory processes involving the pelvis and the 
perineum. Magnetic resonance imaging, in par-
ticular, has the advantage of a wider fi eld of view 
and better contrast resolution compared with ultra-
sound (Kickuth et al. 2001). Consequently, exten-
sion of the infl ammatory process to the perineum, 
abdominal wall, fascial planes and buttocks can be 
fully evaluated.

Fig. 17.1. Penile cellulitis. Axial colour Doppler image show-
ing thickening and hypervascularity of the soft tissues sur-
rounding the corpora cavernosa

Fig. 17.2. Cavernositis. Axial colour Doppler image show-
ing hypervascularity of the corpora cavernosa and of the 
corpus spongiosum. A small fl uid collection (arrowheads) 
consistent with abscess formation surrounds the corpus 
spongiosum
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Fig. 17.3a–c. Penile abscesses located in different positions 
along the shaft. a Longitudinal scan showing an abscess (*) 
in the soft tissues surrounding the erectile bodies. The tunica 
albuginea (arrowheads) is intact. b Axial scan showing a large 
dorsal abscess (*) penetrating in the space between the cor-
pora cavernosa (curved arrows). c Axial scan showing abscess 
formation (*) within the right and left corpora cavernosa

Fig. 17.4. Thrombophlebitis of the deep penile dorsal vein. 
Patient presenting with painful induration of the dorsal as-
pect of the penis. Longitudinal scan showing wall thicken-
ing of the dorsal vein (arrowheads) and echogenic material 
within the lumen (*) consistent with partial thrombosis

a

c

b
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18.1  
Background

The corpora cavernosa consist of smooth muscle 
cells, loose areolar tissue, blood vessels, nerves and 
collagen fi bers. All these components play a role in 
the complex physiologic event of erection, together 
with endocrinal, vascular, neural and psychogenic 
factors (Jevtich et al. 1990). 

The balance between different components of 
the cavernous tissue varies with age. In normal po-
tent young men collagen fi bers constitute about 48% 
of cavernosal tissue (Lin et al. 2000), while smooth 
muscle cells constitute about 46% of them (Wespes 
2002). Corporeal fi brosis results from reduction of 
smooth muscle fi bers and increase of collagen depo-
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sition (Dahiya et al. 1999). Increased stiffness of the 
corpora cavernosa restricts their expansion during 
tumescence causing erectile dysfunction (Lin et al. 
2000). In fact, between 41 and 60 years the percent-
age of smooth muscle cells reduces at 40%, and over 
60 years of age is about 35% (Wespes 2002); this de-
crease in smooth muscle content may be responsible 
for the decline in potency of older men. Histological 
specimens of the senescent penis demonstrate an 
abundance of collagen fi bers and larger lacunars 
spaces if compared to the adult penis (Wespes 2000).

Penile fi brosis is a histological diagnosis. Urolo-
gists, however, usually use this term in a non-spe-
cifi c way to describe increased penile consistency 
at physical examination. While localized corporeal 
fi brosis is usually fi rm at palpation, diffuse fi brosis 
is not always recognized. 

Clinicians should be aware that most of patients 
with penile stiffness at palpation actually have Pey-
ronie’s disease. Differential diagnosis is clinically 
relevant because important fi brosis constitutes an 
end organ failure, may explain ineffectiveness of 
oral medications (Basar et al. 2001) and prevents 
unsuccessful surgery for veno-occlusive or arterio-
genic diseases (Yaman et al. 2003). Also, when the 
implantation of a prosthesis is considered, preop-
erative identifi cation of severe cavernosal fi brotic 
changes is needed for the choice of the more ap-
propriate surgical technique (Ghanem et al. 2000; 
Montague and Angermeier 2006).

In fact, major clinical questions remain unsolved 
since specifi c defi nition of cavernosal fi brosis is 
lacking, and no established diagnostic test is avail-
able. Biopsy is the most accurate method to estab-
lish cavernosal fi brosis (Wespes et al. 1994), but it is 
very invasive and not well accepted as a routine pre-
operative procedure (Basar et al. 1998). Moreover, 
even when a bioptic specimen is available, there is 
no widely accepted histological standard to assess 
and grade the disease (Sattar et al. 1994).
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18.2  
Diff use Cavernosal Fibrosis

Experimental studies have demonstrated that low 
oxygen tension induces transforming growth fac-
tor β1 (TGF-β1) mRNA expression in cavernosal 
tissue (Moreland et al. 1998). Increased TGF-β1 
production induces connective tissue synthesis and 
is correlated to renal, hepatic and pulmonary fi -
brosis (Border and Noble 1994). On the contrary, 
type E prostaglandins, which are synthesized by 
an oxygen-dependent reaction, suppress collagen 
synthesis (Moreland 1998). These experimental 
data suggest that diffuse cavernosal fi brosis is cor-
related to hypoxemia. Smoking and several patho-
logic conditions associated with a low cavernosal 
oxygen tension, such as diabetes mellitus, hyper-
tension, hypercholesterolemia and atherosclerosis, 
may complicate with cavernosal fi brosis, as well as 
traumatic or iatrogenic lesions resulting in severe 
reduction of the penile arterial supply (Moreland 
1998).

Erections play an important role in cavernosal 
tissue oxygenation, which is essential to preserve 
normal erectile function. While in the fl accid penis 
partial pressure of oxygen in the cavernosal blood 
(pO2) is 25–40 mmHg, during erection oxygenated 
arterial blood infl ow increases pO2 up to 90–100 
mmHg. Cavernosal tissue oxygenation while fl ac-
cid is consistent with TGF-β1 induction, but pros-
taglandin synthesis during sexual activity or during 
nocturnal penile tumescence counteracts its action 
maintaining connective tissue/smooth muscle bal-
ance (Moreland 1998). 

A variety of clinical situations can result in dif-
fuse cavernosal fi brotic changes. Low-fl ow priapism 
is a well-known cause of cavernosal tissue fi brosis 
with resulting venous occlusive defi ciency. It is com-
monly accepted that prompt treatment is mandatory 
because recovery of erectile function becomes in-
creasingly unlikely over time (El-Bahnasawy et al. 
2002). Cavernosal tissue damage leading to fi brotic 
changes can occasionally occur also in patients 
with stuttering priapism and with arterial priapism 
( Hakim et al. 1996; Bertolotto et al. 2003). 

A signifi cant association was found between pe-
nile fi brosis and diabetes mellitus. This may be ex-
plained by the fact that diabetes mellitus produces 
microangiopathy of the small blood vessels, lead-
ing to defective oxygenation to the cavernous tissue 
and subsequently helping in fi brosis development

(Moreland 1998). Systemic connective tissue dis-
orders, such as systemic sclerosis, are associated to 
erectile dysfunction in as much as 80% of patients 
due to combined arterial insuffi ciency and collage-
nization of corporeal smooth muscle (Lotfi  et al. 
1995).

Experimental studies in rabbits suggest that envi-
ronmental pollutants, such as dioxin, might have a 
role in cavernous fi brosis through inhibition of testos-
terone synthesis (Moon et al. 2004), and experimental 
studies in rats (Shen et al. 2003) demonstrate a high 
degree of cavernosal fi brosis following castration, and 
a lower degree of cavernosal fi brosis after inhibition 
of dihydrotestosterone. These results, however, can-
not be easily extrapolated to men because androgens 
regulate erection in rodents while in man they have a 
less precise role (Moreland 1998). 

Radical prostatectomy is associated with in-
creased cavernosal fi brous content even after nerve-
sparing surgery. In fact, User et al. (2003) have 
demonstrated in a rat model that even unilateral 
cavernous neurotomy causes apoptosis of smooth 
muscle cells in both corpora, in particular just be-
neath the tunica albuginea, and Iacono et al. (2005) 
have proven that iatrogenic denervation alone or 
with hemodynamic alterations, resulting from sur-
gical prostate ablation, causes cavernous fi brosis, 
and consequent erectile defi ciency, often refrac-
tory to symptomatic therapy. Hypoxia-induced 
tissue damage could be temporarily prevented by 
the use of intracorporeal prostaglandin injection
(Montorsi et al. 1997) or phosphodiesterase-5 in-
hibitors (Ferrini et al. 2006).

In patients with prostate cancer undergoing ex-
ternal beam radiotherapy, penile irradiation results 
in cavernosal damage. In particular, patients receiv-
ing at least 70 Gy to the 70% or more of the bulb of the 
penis have a high risk of developing a radiotherapy-
induced erectile dysfunction (Fisch et al. 2001). 

Intracavernous injection of vasoactive drugs can 
rarely complicate with diffuse cavernosal fi bro-
sis following low-fl ow priapism and/or cavernosi-
tis (Schwarzer and Hofmann 1991; Chew et al. 
1997). 

In particular, the superfi cial dorsal vein of the pe-
nis is occasionally used by parenteral drug abusers 
as injection site. When heroin and cocaine spread 
within the corpora cavernosa, this can produce cav-
ernositis and priapism, evolving into corporal fi bro-
sis (Mireku-Boateng and Nwokeji 2004). 

Recently, a new syndrome has been identifi ed as 
“hypoactive corpus cavernosum.” In this pathologi-
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cal condition degenerative changes of the corpora 
cavernosa are observed on histopathologic exami-
nation such as fragmented collagen and elastic fi -
bers, degenerated muscle fi bers and areas of fi brosis 
(Shafi k et al. 2006). Patients who do not respond 
to any form of treatment including sildenafi l citrate 
or papaverine intracavernosal injection have erec-
tile dysfunction. Penile implants are the only treat-
ment.

18.3  
Circumscribed Fibrosis

Most of patients with circumscribed cavernosal fi -
brosis or scar have had penile surgery or traumas. 
Postraumatic fi brosis usually results from healing of 
intracavernosal hematoma (Bertolotto and Pozzi 
Mucelli 2004; Munarriz et al. 2005) or rupture of 
the tunica albuginea from sudden bending of the 
erect penis. A recent report (Brant et al. 2007) de-
scribes a subset of patients with penile induration 
who were found to have only a circumscribed septal 
fi brotic change on penile ultrasonography. About 
36% of these patients had a signifi cant history of 
penile trauma.

Intracavernosal injection of vasoactive drugs is 
another frequent cause of circumscribed penile fi bro-
sis. In fact, focal fi brotic changes in the subcutaneous 
tissue, in the tunica albuginea or into the cavernosal 
sinusoids have been reported as high as 57% and 15% 
after papaverine and prostaglandin injection, re-
spectively (Chew et al. 1997). Most fi brotic nodules 
occur in patients who inject themselves frequently 
and in those who do not compress the injection site 
for a suffi cient time with the subsequent develop-
ment of intracavernous hematomas. It is conceivable 
that cavernosal tissue damage results from multiple 
microtraumas to the corporeal tissue, or begins as a 
localized vasculitis of subtunical tissues eventually 
resulting in fi brotic nodules (Chew et al. 1997). 

18.4  
Distal Segmental Fibrosis

A 10% incidence of distal penile fi brosis has been 
reported following long-term use of intracavernous 

prostaglandin injection (Mumtaz et al. 1998). This 
complication is not related to the injection site as 
the lesions occur distally. Suggested explanation is 
speculative. It is conceivable that during pharmaco-
logically induced erection reduction of elastic fi bers 
in the tunica albuginea, especially in aging and dia-
betic men, could make the corpora unable to toler-
ate the high intracavernosal pressures, and relative 
ischemia, in the distal part of the penis. This situation 
could result in microvascular damage, especially in 
men with arteriogenic erectile dysfunction.

18.5  
Proximal Segmental Fibrosis 

Recently, increasing concern is rising that penile 
fi brotic changes either diffuse or, more often, lo-
calized at the corporal crura can develop in eques-
trians, long-distance bikers and racing cyclists. 
Different causes contribute to this pathological 
condition. First, direct cavernosal tissue injury can 
result from microtraumas when the crura are com-
pressed against the pubic bone by the saddle. Sec-
ond, cavernosal arteries are compressed along their 
perineal course determining a recordable decrease 
of penile blood fl ow and, thus, of cavernous PO2 
(Nayal et al. 1999). Third, a poorly fi tting saddle 
that irritates the pudendal nerve can occasionally 
result in pudendal neuritis, which usually presents 
with paresthesia or scrotal and penile numbness, 
but can occasionally complicates with priapism. 
These andrologic problems are more often found 
when narrow seats are used with nose-extension 
(Schwarzer et al. 2002). 

18.6 
Grey-Scale Ultrasonography

Although fi ndings are often not specifi c in patients 
with cavernosal fi brosis, ultrasound represents the 
imaging modality of choice to evaluate patients that 
present with increased stiffness of the corpora caver-
nosa. In fact, grey-scale ultrasonography allows dif-
ferential diagnosis between various causes of penile 
induration and, in particular, between pathologies of 
the tunica albuginea and of the corpora cavernosa. 
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The diagnostic capabilities of ultrasound to de-
tect diffuse fi brotic changes of the corpora caver-
nosa depend on the underlying cause and extent 
of tissue damage. Patients with hypoactive corpus 
cavernosum or alteration of the connective tis-
sue/smooth muscle balance secondary to diabetes, 
smoking, prostatectomy or advanced age usually 
present with normal appearance of the corpora cav-
ernosa or subtle alterations. In particular, a slight 
increase in echogenicity can be observed, and larger 
lacunar spaces with thickened wall have been de-
scribed in the senescent penis with age-related fi -
brosis of smooth muscle fi bers (Wespes 2000). Rec-
ognition of these subtle changes, however, is highly 
subjective, and particular attention should be paid 
to avoid misinterpretation of normal features as ini-
tial fi brosis. In fact, sinusoidal spaces at the base of 
the penis are normally larger than in the remaining 
portions of the shaft.

Diffuse fibrosis that develops after priapism, 
after infection and in patients with systemic scle-
rosis is usually recognized at ultrasound as ill-de-
fined hyperechogenic areas replacing the sinusoid 
of the corpora cavernosa, which are often prevail-
ing around the cavernosal arteries. Little changes 
are usually appreciable after prostaglandin injec-
tion, and patients usually do not reach erection 
also following high intracavernosal doses of vaso-
active drugs. Less frequently, the corpora caver-
nosa present coarse echotexture because of large, 
irregular sinusoidal spaces with thick, echogenic 
wall. In this case distension of the sinusoids is 
prevalent around the cavernosal arteries and in 
the proximal portion of the shaft, while the re-
maining portions of the corpora cavernosa usu-
ally remain undistended, ref lecting poor erec-
tile response and veno-occlusive dysfunction 
(Fig. 18.1). 

Fig. 18.1a–c. Penile fi brosis. Different appearance at grey-
scale ultrasonography. Axial scans. a Hyperechogenic areas 
replacing the sinusoids prevailing around the cavernosal ar-
teries. b Widespread involvement of the corpora that appear 
diffusely hyperechoic. c Large, irregular sinusoidal spaces 
with thick, echogenic wall. Distension of the sinusoids is 
prevalent around the cavernosal arteries

a

c

b
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Other authors report the presence of diffuse hy-
perechoic and hypoechoic foci within the corpora 
cavernosa of patients with systemic sclerosis and 
penile fi brosis (Aversa et al. 2006). However, air 
bubbles that can be incidentally injected in the cor-
pora cavernosa along with the vasoactive substance 
may mimic these features.

Focal fi brotic changes within the corpora caver-
nosa present at ultrasound as hyperechogenic areas 
or nodules with variable ultrasound beam attenua-
tion (Fig. 18.2). Small or coarse calcifi cations can be 
occasionally present. Penile bending or indentation 
can be present. 

Occasionally, cavernosal tissue injury from a 
blunt perineal trauma can result in a fi brotic scar 
encompassing the entire circumference of a corpus 
cavernosum. Ultrasound shows a hyperechogenic 
stripe with acoustic shadow dividing the corpus in 
two portions. The cavernosal artery can be obliter-
ated or warped at the level of the scar (Fig. 18.3). 
Since the penile septum is usually nearly complete 
at the base of the penis, the proximal portion of the 
injured corpus remains hemodinamically isolated 
from the other portions (Horger et al. 2005).

Circumscribed septal fi brosis presents at ultra-
sound as an alteration of the normal ultrasono-
graphic appearance of the penile septum (Fig. 18.4), 
which is replaced by inhomogeneous echogenic tis-
sue (Brant et al. 2007).

Distal segmental fi brosis presents at grey-scale 
ultrasonography as hyperechogenic tissue prevail-
ing around the cavernosal arteries at the tip of the 
penis (Fig. 18.5). The diameter of the distal portion 
of the penis is usually reduced, compared to the base 
of the shaft. Clinically turgidity of the penile tip is 
reduced compared to the base.

Proximal segmental fi brosis usually presents at 
grey-scale ultrasonography as an alteration of the ap-
pearance of the penile crura with coarse echotexture 
because of large, irregular sinusoidal spaces display-
ing thick, echogenic wall (Fig. 18.6). More circum-
scribed echogenic fi brotic changes may be present.

There is no accordance in the literature on the 
sensitivity of ultrasound in detecting corporeal fi -
brosis. Some authors do not fi nd ultrasound a sensi-
ble technique to diagnose or confi rm penile fi brosis, 
reporting a positivity in less than 60% of patients 
with clinically evident penile fi brosis, consequent 
to prostaglandin intracavernous injection (Chew et 
al. 1997). Other authors, however, suggest that ultra-
sound could be helpful in demonstrating subclinical 
fi brosis (Moemen et al. 2004).

Fig. 18.2a,b. Circumscribed fi brosis. Axial scans. a Focal fi -
brotic area in the right corpus cavernosum (curved arrows) 
following repeated intracavernosal injection of vasoactive 
drugs. b Postraumatic fi brotic scar (*) in the left corpus 
cavernosum

Fig. 18.3. Postraumatic fi brotic scar encompassing the en-
tire circumference of a corpus cavernosum. Longitudinal 
scan showing a stripe with acoustic shadow (arrowheads) 
dividing the corpus in two portions. The cavernosal artery 
(curved arrows) is encased by the scar

b

a
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18.7  
Color Doppler Ultrasound

Diffuse fi brotic changes of the corpora cavernosa 
are invariably associated with erectile dysfunction. 
Even after cavernosal administration of high prosta-
glandin doses, incomplete erection is reached. Dop-
pler interrogation of the cavernosal arteries usually 
shows pathological waveform changes in these pa-
tients consistent with veno-occlusive dysfunction. 
Peak systolic velocity is variable, depending of the 

Fig. 18.5. Distal segmental fi brosis. Longitudinal scan show-
ing echogenic areas with irregular margins at the tip of the 
corpora cavernosa (arrowheads), consistent with fi brotic 
changes. The diameter of the distal portion of the penis is 
reduced compared to the base of the shaft

Fig. 18.6a,b. Fibrosis of the penile crura following repeated 
saddle microtraumas. a Axial scan to the penile crura shows 
coarse echotexture of the corpora cavernosa with echogenic 
areas and large, irregular sinusoidal spaces. b Transverse 
scan to the middle penile shaft of the same patient shows 
normal echotexture of the corpora cavernosa

a

b

cause leading to penile fi brosis, severity of dam-
age of the peripheral vascular tree and underlying 
systemic vascular status. In general, the higher the 
degree of fi brosis is, the lower the changes of arte-
rial infl ow after prostaglandin injection. Also, end 
diastolic velocity is variable depending on the de-
gree of penile turgidity and on the degree of cor-
poral fi brosis. In our experience, severe fi brosis is 
usually associated with high resistance fl ow. Since 
the corpora cavernosa are stiff at palpation in these 
patients, and only a limited turgescence is reached 
after prostaglandin injection, it is conceivable that 

Fig. 18.4. Circumscribed septal fi brosis. Axial scan showing 
inhomogeneous echogenic tissue (arrowheads) within the 
penile septum
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high resistance fl ows refl ect decreased compliance 
of the corpora cavernosa, rather then blood pressure 
within the cavernosal bodies.

In patients with diffuse cavernosal fi brosis associ-
ated with severe impairment of the cavernosal artery 
infl ow, small peripheral vessels can be demonstrated 
at color Doppler ultrasonography feeding the outer 
portions of the corpora cavernosa through small col-
laterals from extraalbugineal vessels (Fig. 18.7).

In patients with circumscribed fi brotic changes 
leakage pathways are often identifi ed as color Doppler 
ultrasound adjacent to the region in which the caver-
nosal tissue is replaced by a fi brotic scar (Fig. 18.8). 
Scar-related arterial insuffi ciency can be associated 
when cavernosal arteries are encased by the scar. In 

these patients Doppler interrogation of the caverno-
sal arteries shows high velocity fl ows proximal and 
markedly lower velocity fl ows distal to the scar. 

18.8  
Diff erential Diagnosis

During ultrasound evaluation of patients with clin-
ically suspicious cavernosal fi brosis, other causes 
of penile induration must be considered. In fact, 
most of patients with penile induration actually 
have Peyronie’s disease. Other less common con-

Fig. 18.7. Diffuse penile fi brosis fol-
lowing prolonged ischemic priapism. 
Color Doppler axial image obtained 
after prostaglandin injection shows 
small peripheral vessels feeding the 
outer portion of the corpora cavernosa. 
Cavernosal arteries are obliterated

Fig. 18.8. Posttraumatic penile de-
formation following untreated penile 
fracture. Color Doppler US shows ve-
nous leak at the level of the scar due 
to incomplete distension of the erectile 
tissue
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ditions that enter in the differential diagnoses in-
clude: posttraumatic albugineal scar, penile dorsal 
vein thrombosis, benign or malignant primary or 
secondary tumors and fi brosis of the corpus spon-
giosum caused by urethral manipulation (Kelamy 
syndrome). The ultrasound features of these dif-
ferent pathologies are described in detail in other 
chapters.

18.9  
Diagnostic Role of Other
Imaging Modalities

Dynamic infusion cavernosometry and caver-
nosography have been widely used to evaluate 
erectile function in patients with cavernosal fi-
brosis. This procedure is an effective mean to 
obtain objective information on the presence of 
abnormal venous drainage, either diffuse or lo-
calized at the site of circumscribed cavernosal 
scars. When complete smooth muscle relaxation 
is obtained using a sufficiently high intracavern-
ous dose of vasoactive drugs, venous occlusive 
dysfunction resulting from alteration in the tra-
becular fibroelastic structure can be differenti-
ated from dysfunction resulting from functional 
inability to relax trabecular smooth muscle tone 
completely (Hatzichristou et al. 1995). In pa-
tients with diffuse fibrosis, cavernosography 
demonstrates heterogeneous opacification of the 
corpora cavernosa and multiple irregular filling 
defects (Velcek and Evans 1982; El-Bahnasawy 
et al. 2002). Circumscribed fibrosis presents as a 
filling defect within normally enhancing bodies 
(Abrahamy and Leiter 1980). Dynamic infusion 
cavernosometry and cavernosography, however, 
are not longer performed in most centers because 
of the invasiveness and relatively high risks of 
complications. 

Magnetic resonance imaging is as effective as 
ultrasonography in evaluation of fi brous changes 
in the corpora cavernosa, with the advantage of 
panoramic view and better contrast resolution. In 
patients with severe and diffuse fi brotic changes, 
heterogeneous areas of low signal intensity are ap-
preciable in T2-weighted images especially around 
the cavernosal arteries, while the peripheral portion 
of the corpora cavernosa can present with high sig-
nal intensity (Fig. 18.9). 

Fig. 18.9. Penile fi brosis. Axial T2-weighted MR image show-
ing low signal intensity around the cavernosal arteries and 
high signal intensity under the tunica albuginea (courtesy of 
Pietro Pavlica, Bologna, Italy)

After intravenous gadolinium administration, 
inhomogeneous signal intensity is appreciable with 
non-enhancing areas often prevailing around the 
cavernosal arteries. Microscopic fi brotic changes 
can present with normally appearing corpora caver-
nosa at both T1-weighted and T2-weighted images, 
but markedly reduced enhancement after gadolin-
ium administration (Fig. 18.10).
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19.1  
Background

The urethra is a tubular structure through which 
urine is expelled after accumulating in the physi-
ological reservoir called the bladder. In men, this 
canal is also used by the seminal ducts and carries 
the sperm from the veru montanum all the way to 
the external urethral orifi ce.

Traditional radiological exams such as retrograde 
urethrography and micturition cystourethrography 
are considered the standard imaging techniques for 
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the morphological and functional study of the ure-
thra. They do however present certain limitations 
and only provide images of the urethral lumen simi-
lar to those obtained by urethroscopy (Merchant 
et al. 1997). With a view to reducing doses and expo-
sure to the gonads, ultrasonography imaging is in-
creasingly used even though its diagnostic role has 
not been fully tested.

Male urethral imaging and pathology are not 
widely covered in the radiological literature since 
this part of the urinary tract is easily studied by 
urologists with clinical or endoscopic examinations. 
Ultrasonography is used in association with voiding 
cystourethrography and retrograde urethrography.

Voiding cystourethrography is used to study the 
posterior urethra allowing the detection of bladder 
neck pathologies, post-surgical stenosis and neo-
plasms. The functional aspects of micturition can 
be monitored in patients with neuromuscular dys-
function of the bladder using digital radiographic 
imaging.

Retrograde urethrography is commonly used to 
explore the anterior urethral anatomy and pathol-
ogies, but recently sonourethrography has been 
increasingly proposed. The latter is able to study 
the urethral mucosa and the periurethral tissues 
possibly involved in urethral pathologies such as 
strictures, diverticula, trauma and tumors, which 
cannot be detected radiographically or at urethros-
copy. 

19.2  
Normal Anatomy

The male urethra has a mean length of 16–18 cm 
and is divided into a posterior and an anterior por-
tion. The posterior urethra, which stretches from 
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the bladder neck to the lower edge of the urogenital 
diaphragm, includes the prostatic and the membra-
nous portions. The anterior urethra is 14–15 cm long 
and is divided into the bulbar and into the penile or 
pendulous portions. 

On account of its complex embryological origin, 
the urethral epithelial lining differs depending on 
the tract under consideration. In particular, transi-
tional epithelium is found from the bladder neck to 
the veru montanum, the cylindrical epithelium as 
far as the fossa navicularis and squamous epithe-
lium up to the external meatus.

19.2.1  
Posterior Urethra

The prostatic urethra is about 3–4 cm long in the 
young male, but reaches 8–10 cm in cases of be-
nign prostatic hyperplasia. It begins at the vesical 
neck, passes through the prostate gland assuming 
an arcuate course up to the prostate apex. Two 
parts can be identified: the supramontanal tract 
from which the periurethral gland ducts emerge 
and the submontanal tract where the excretory 
ducts of the peripheral gland are located. The sub-
montanal urethra is surrounded by the striated 
sphincter.

The membranous urethra, about 1–2 cm long, 
passes through the uro-genital diaphragm, which 
contains the Cowper glands. In this tract the ure-
thra is surrounded by the striate sphincter and the 
perineal muscles.

19.2.2  
Anterior Urethra

The bulbar urethra is surrounded by the bulb of 
the corpus spongiosum; it is larger than the other 
portions (1.5–2 cm), does not have stiff fascia and 
extends from the perineal area to the suspensor liga-
ment of the penis.

The penile or pendulous urethra is of relatively 
uniform diameter, about 1 cm, stretching from the 
penile ligament to the external urethral meatus. Be-
fore its emergence at the meatus, there is an ampul-
lar dilatation called the fossa navicularis.

Many small glands (of Littré) are to be found at 
the lumen of the anterior urethra, which are more 
numerous in the bulbar portion and near the fossa 
navicularis.

19.3  
Ultrasound Anatomy and Technique

Because of its complex morphology and course, the 
male urethra can be accurately studied using differ-
ent approaches and probes (Desser et al. 1999).

The posterior urethra can be investigated using 
high frequency endorectal probes at rest, which can 
depict the normal anatomy of the collapsed posterior 
urethra identifying the mucosa and the posterior 
urethral musculature (Fig. 19.1). The voiding phase is 
well studied with linear endorectal probes (Fig. 19.2), 
which are commonly employed in the study of the 
prostate and the anal canal (Merkle and Wagner 
1988; Morey and McAninch 1997). The technique is 
not different from voiding cystourethrography, even 
though it does offer a smaller fi eld of view. The blad-
der is distended physiologically and does not require 
the application of a catheter or the use of contrast 
medium. Some problems may be observed in patients 
suffering from incontinence or renal failure with 
reduced urine output, but the main drawback is the 
diffi culty patients have voiding in the lateral position 
with the probe in the rectum (McAninch et al. 1988). 
The problem can be sometimes resolved by placing 
the patient in an upright position or by using a spe-
cial stool with a hole at the centre through which the 
probe can be inserted into the rectum (simil-urody-
namic stool). The images are recorded continuously 
on videotapes or electronically on CD and can be re-
viewed later with the urologist or neurologist.

Fig. 19.1. Normal posterior urethra during rest in a young 
male. Endorectal end-fi re probe in sagittal scan. The col-
lapsed urethra is hypoechoic (arrowheads) with respect to 
the surrounding prostatic tissue, and a linear hyperechoic 
structure corresponds to the mucosa; the hypoechoic outer 
line is due to the muscular layers
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Voiding sonography may be combined with uro-
dynamic studies (US-videourodynamics), requiring 
the collaboration of a urodynamist and the right 
equipment to ensure simultaneous reproduction of 
urodynamic tracing and ultrasound imaging. It is a 
complex procedure that takes about 1 h to perform 
and is indicated in patients with urinary complaints 
secondary to central or peripheral neurological dis-
orders.

The anterior urethra can be explored using high 
frequency linear probes that are able to examine 
the penile and perineal tract and the structures of 
the surrounding corpus spongiosum (Gluck et al. 
1988; Nash et al. 1995). This exam consists of scan-
ning performed after a saline solution is introduced 

through the external urethral meatus (Fig. 19.3). 
After cleaning the gland and urethral meatus with 
antiseptic material, a small Foley catheter is placed 
in the distal urethra, and the balloon is slowly dis-
tended in the fossa navicularis until the patient 
complains of the onset of pain.

Overly rapid or excessive distension can cause 
laceration of the mucosa, prompting intense and 
long-lasting pain. In order to avoid air bubbles in 
the urethra, which can cause artifacts, it is advisable 
to allow the saline solution to slowly seep out of the 
catheter as it is being introduced into the urethra, 
holding the penis upwards. When the fl uid comes 
out of the meatus, the Foley balloon is distended 
by saline solution. Distension of the urethra occurs 

Fig. 19.2a–c. Normal voiding sonography with linear en-
dorectal probe. The sequential images show the bladder neck 
funneling (a) and the progressive distension of the posterior 
urethra from the bladder neck to the perineal plane (b,c)

a b

c
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slowly, allowing the solution to drip down through a 
bottle located at a height of 40–50 cm so as to avoid 
periurethral spill from hyperpression (which how-
ever soon resolves by itself). The saline solution can 
sometimes be delivered via a syringe placed directly 
in the urethral meatus. Its low viscosity makes ure-
thral distension diffi cult to maintain, and securing 
the Foley catheter in position with the balloon in the 
distal urethra can be diffi cult because the balloon 
often slips from the urethral meatus. Catheter-tip 
syringes are not ideal because they do not fi t per-
fectly with the urethral meatus. 

An intraluminal lubricant and anesthetic jelly were 
recently used instead of saline solution as a contrast 
medium for distending the urethra in sonourethrog-
raphy. It is injected directly into the meatus until 
the urethra appears fully distended on sonographic 
observation. To avoid jelly refl ux from the external 
meatus and maintain urethral distension, a fl exible 
penile clamp is employed to occlude the urethra. The 
use of jelly, however, has the disadvantage that dis-
tension is less marked, especially during scanning, 
provoking compression of the urethral canal. Many 
artifacts can be observed due to the non-homoge-
neous composition of the jelly, which contains small 
air bubbles that cause reverberations (Bearcroft 
and Berman 1994). Sonourethrography with jelly is 
nevertheless particularly useful in tight distal ure-
thral stenosis and meatus stenosis when it is not pos-
sible to introduce the Foley catheter.

The bulbar urethra can be studied by placing the 
probe on the ventral surface or transperineally after 
having lifted the scrotum. The most useful scans are 

longitudinal since they reproduce the urethral ca-
nal. Because of the narrower fi eld of view, transver-
sal scans are used to explore focal lesions that have 
already been identifi ed. Real time US observation 
allows targeted investigation by using the best scan-
ning planes.

19.3  
Urethral Pathology

The male urethra can be the site of frequent and 
serious primitive diseases that may affect the qual-
ity of life of patients. Diagnostic imaging has an 
important role to play since it can detect lesions 
that are inaccessible to urethroscopy and can help 
identify the extraurethral spread of the process. 
Ultrasonography, in particular, provides adjunct 
information that cannot be obtained either by tra-
ditional radiological examination, urethroscopy or 
urodynamics (Pavlica et al. 2003b; Yekeler et al. 
2004;  Sepulveda et al. 2005; Salam 2006). 

19.3.1  
Malformations

These are generally to be found in children and can 
cause serious damage to the bladder and upper uri-
nary tract due to chronic obstruction, which is well 
documented with abdominal ultrasonography. Mal-

Fig. 19.3a,b. Sonourethrography. Normal appearance of the urethra in sagittal (a) and transversal (b) scans. The urethra 
distended by the saline solution appears as an anechoic tubular structure well depicted with linear array transducer using 
direct skin contact on the ventral surface of the penis and with trans-scrotal and perineal scanning for bulbar urethra

a b
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formations of the posterior urethra mainly affect 
the urethral valves, which can be studied by voiding 
cystourethrography, even though some cases have 
been explored with trans-perineal sonography with 
high frequency probes (Cohen et al. 1994).

Malformations of the anterior urethra (Das 1992; 
Chiou et al. 1996) are due to complete or incomplete 
stenoses or segmentary atresia, duplications and con-
genital dilatations (megalourethra). Other malforma-
tions include hypospadia and epispadia, which are as-
sociated with enlargement of the prostatic utricle and 
müllerian duct remnants. All these malformations 
can be better examined by retrograde urethrography 
or sonourethrography, while cross-sectional imag-
ing provides information on associated paraurethral 
malformations such as uretheral ectopic emptying 
and disorders of the seminal tracts.

19.3.2  
Stenosis

Obstruction of the lower urinary apparatus can be 
caused by primitive lesions of the urethra or lesions 
secondary to compression by an enlarged prostate 
or perineal masses. The most frequent cause of non-
prostatic obstructive dysuria is acquired stenosis, 
which can be divided into post-infl ammatory, post-
traumatic and post-surgical. 

Posterior urethral stenoses can be studied with 
voiding cystourethrography and voiding cystoure-
throsonography and may be divided into vesical 
neck obstructive syndrome and post-prostatectomy 
stenosis.

Vesical neck obstructive syndrome or vesical neck 
disease becomes evident only during urination (Gupta 
et al. 1993). It may be attributed to hypertrophy of the 
vesical neck muscle, hyperplasia of the paraurethral 
glands or a detrusor-bladder neck dyssynergia, as can 
be seen in patients with congenital or acquired neuro-
genic bladder. It can be observed in both children and 
adults and can be accurately diagnosed by videouro-
dynamic examination combined with electromyogra-
phy of the extrinsic urethral sphincter. 

Ultrasonography using an endorectal linear 
probe can be used as an alternative to voiding cysto-
urethrography in that it provides diagnostic images 
without exposing the patient or examiner to radia-
tion and obviates some of the problems these patients 
have during voiding (Shabsigh et al. 1987). Ultraso-
nography typically reveals a rounded protrusion at 
the bladder neck, which does not disappear even in 

advanced phases of urination, and the absence of the 
funnel-shaped feature that can normally be seen in 
the cervical area, with prominence of the posterior 
bladder neck, prolonged voiding time, bladder wall 
thickening and marked post-voiding residue. The 
posterior urethra is only slightly distended since the 
fl ow is very reduced (Fig. 19.4).

Much more common in clinical practice are 
post-surgical stenoses following suprapubic or en-
doscopic prostatectomy. The stenosis can occur at 
the vesical neck, may affect the whole of the pros-
tate cavity or may be localized only at its distal 
zone (Fig. 19.5).

The site and importance of the stenosis can be 
easily monitored using transrectal sonography.

Bladder neck stenosis is characterized by the 
absence of neck distension, and US shows hyper-
echogenic spots refl ecting post-surgical scarring. 
The prostatic cavity is normally small since the fl ow 
is reduced. When the scarring process affects the 
prostatic cavity extensively, the posterior urethra 
appears thin, irregular and diffi cult to visualize. 
Sonographic images are however more diagnostic 
when the stenosis is located in the distal part of the 
post-prostatectomy cavity, near the urethral stri-
ated sphincter. The prostatic cavity is wide and dis-
tended, and full of urine at sonography. The urethra 
below is narrow or not detectable since there is little 
distension due to markedly reduced fl ow. 

Acquired stenoses of the anterior urethra on the 
other hand are more often caused by infl ammatory 
or traumatic processes. In clinical practice they are 
the more frequent and can be divided into post-in-
fl ammatory, post-traumatic and iatrogenic.

Post-infl ammatory stenoses are the result of ure-
thritis, normally of blenorrhagic origin. The stenotic 
process takes several years to develop before any se-
rious obstruction ensues, which means that diagno-
sis is often made many years after actual infection. 
These stenoses are normally multiple and affect 
those parts of the anterior urethra with the great-
est number of glandular structures (the fi nal des-
tination of germs), triggering a chronic infl amma-
tory process that in turn provokes fi brotic scarring 
extending to the urethral submucosa and corpus 
spongiosum. Voiding cystourethrography and ret-
rograde urethrography are always necessary since 
the number, site and extent of the stenoses have to 
be defi ned before deciding on therapy (Giudici et al. 
1991; Callea et al. 1997). 

Voiding cystourethrography allows identifi cation 
of the dynamically most important stenosis as well as 
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Fig. 19.4a–c. Voiding cystourethrosonography in a patient 
with vesical neck obstructive syndrome. The transrectal 
study shows absence of bladder neck funneling (a), incom-
plete opening of the bladder neck with a posterior ledge-like 
protrusion (b,c), which does not disappear even in advanced 
phases of urination (c)

Fig. 19.5. Post-surgical stenosis after prostatectomy. Voiding 
sonography shows a stenosis (arrowheads) at the distal end 
of the prostatic urethra

a

c

b
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evaluation of the functional involvement of the upper 
urinary tract above that point. Stenoses located below 
the main one are not easy to identify due to reduced 
fl ow and to detect them retrograde urethrography 
is usually required. Since 1989 sonourethrography 
(Fig. 19.6) has been increasingly used by urethra sur-
geons since from a diagnostic point of view it is just 
as reliable as retrograde urethrography and facilitates 
the evaluation of two key diagnostic elements for the 
surgeon: the extent of the stenosis and the involve-
ment of the periurethral spongy tissue (Perkash 
and Friedland 1987; Friedland 1990; Morey et al. 
1998). Many surgeons perform the exam in the op-
erating theatre immediately before incision for ure-
throtomy or reconstruction (Hoebeke et al. 1997). 

At sonourethrography stenoses appear as ure-
thral lumen reduction. The submucosa is initially 
thickened and hypoechoic, and fi nally becomes hy-
perecogenic and thin (Fig. 19.7). The morphologic 
changes may extend and involve the adjacent spongy 
tissue with extensive fi brosis. 

Since radiological and ecographic techniques 
cannot detect the state or extent of the infl amma-
tory process (a key element for the surgeon), mag-
netic resonance imaging with contrast agent can be 
useful. When the infl ammatory process is active, the 
peristenotic scarred areas, hypointense at T1- and 
T2-weighted imaging, show uptake of the contrast 
agent with hyperintense signals at T1.

Post-traumatic stenoses occur after direct trauma 
or rupture of the urethral canal due to pelvic frac-
turing, with laceration of the perineal muscles. They 
differ from infl ammatory stenoses to the extent that 
they affect different areas of the urethral tract and 
are normally one-off short-lived episodes.

Stenoses caused by the use of instruments (cath-
eterization, endoscopic resection) are usually lo-
cated in three areas: the external meatus, suspensor 
ligament of the penis and just below the urethral 
sphincter (Blaivas and Norlen 1984).

Stenoses due to pelvic fracturing, on the other 
hand, affect almost exclusively the membranous ure-
thra. They can be easily investigated with retrograde 
urethrography and voiding cystourethrography, but 
are diffi cult to explore with sonourethrography.

19.3.3  
Diverticula

This term refers to diverticula and pseudodiver-
ticular dilatations. Congenital diverticula are very 

Fig. 19.6a,b. Post-infl ammatory urethral stenosis. a Voiding 
cystourethrography in association with retrograde urethrog-
raphy shows posterior urethral dilatation with severe stenosis 
at the level of the bulbar urethra. b Sonourethrography is more 
accurate for measuring stricture size and length for a better 
preoperative assessment of the bulbar stricture because the 
scanning probe is aligned directly in the mid sagittal plane

Fig. 19.7. Distal urethral stenosis studied with sonourethrog-
raphy. Long stenosis of the bulbo-perineal urethra. The mu-
cosa is hyperechoic with strong spots due to fi brotic stric-
tures. The corpus spongiosum is thinned and hyperechoic 
due to chronic infl ammation

a

b
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rare and are usually associated with other mal-
formations of the urethra. They are normally to 
be found in the distal urethra and are diagnosed 
by retrograde urethrography or sonouretrography, 
which show a dilatation of the urethral lumen. The 
advantage of ultrasonography is the possibility to 
analyze the surrounding soft tissues that are com-
monly involved.

Syringocele or cystic dilatation of Cowper’s gland 
ducts is a lesion of uncertain origin, though prob-
ably congenital since it is commonly found in young 
patients with negative clinical history.

According to the classifi cation of Maizels et al. 
(1983), four radiological types can be recognized, 
and this division can also be applied to ultrasonog-
raphy:

 simple syringocele, presenting as modest dilata-
tion of the bulbourethral duct; 
imperforate or cystic syringocele, when the duct 
does not communicate with the urethra and 
prompts a submucosal cystic dilatation that at 
urethrography appears as a fi lling defect or a 
cystic lesion of the urethral wall; 
perforate syringocele, when the dilated excretory 
ducts communicate with the bulbar urethra allow-
ing refl ux and opacifi cation of the bulbourethral 
glands; 
ruptured syringocele, when the thin, frail mem-
brane remaining in the bulbous urethra after the 
syringocele has ruptured can be seen.

Syringocele can be easily diagnosed by sonoure-
thrography using transperineal scanning, which 
shows a thin septation in the bulbar urethra dividing 
the distended lumen into two parts. The part nearest 
the probe corresponds to the dilated Cowper’s duct, 
the more distal part to the urethral lumen distended 
by saline solution (Fig. 19.8). Transversal scanning 
normally shows a double channel tubular image. In 
bilateral syringocele a triple lumen channel can be 
observed.

Acquired diverticula are usually the result of in-
fl ammation of the periurethral glands, with the for-
mation of abscesses that burst within the urethral 
lumen. A cavity communicates with the urethra, 
lined by a transitional epithelium and presenting a 
pseudodiverticulum image. 

Ultrasound examination identifi es the urethro-
cele, located most often in the anterior urethra or 
the penile-scrotal ligament. The cavity appears as 
a single saccular image with clear edges and opens 
into the urethral lumen. Similar diverticular cavi-

1.

2.

3.

4.

ties can also be observed in the prostatic urethra 
due to spontaneous or post-surgical intraglandular 
abscesses communicating with the urethral lumen. 
These can be easily detected during transrectal so-
nography.

19.3.4  
Stones

Urethral stones are rare and originate from the up-
per urinary tracts or the bladder. Primary stones are 
caused only when there are stenoses or cavities with 
urine stasis and salts precipitation. 

Sonography is a useful technique since urethral 
stones can be easily identifi ed by high ultrasound 
beam absorption and typical hyperechoic features 
(Fig. 19.9). 

Stones located in the posterior urethra should 
be distinguished from intraprostatic calcifi cations, 
which are normally to be found periurethrally or in 
the pseudocapsula. A voiding sonography is nor-
mally required for the exact defi nition of posterior 
urethral stones since the non-distended intrapros-
tatic urethra is usually unclear. When the stone is 
located in the penile urethra, basal sonography re-
veals a hyperechoic image with shadowing enclosed 
in the spongy tissue that should not be confused 
with phleboliths or other calcifi cations. Sonoure-
thrography is always necessary to locate the site of 
the stone and to establish the reasons why it has not 
been expelled.

Fig. 19.8. Syringocele studied with sonourethrography.
Sagittal scan showing double-channel image corresponding 
to duct dilatation (*) and urethral distention (U)
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19.3.6  
Trauma

Because of its length, the male urethra is vulnerable to 
traumatic lesions that may cause acute urinary reten-
tion and sudden onset of urethrorrhagia and even late 
stenosis. Urethral trauma can be divided into external 
trauma, either contusive or penetrative, and internal or 
endourethral trauma. Internal traumas usually follow 
iatrogenic maneuvers. External traumas are frequent 
events and can occur in the penile urethra as a result 
of road or work accidents, sporting activities or sex. 
The urethra can be compressed by subcutaneous or 
intraspongiosal hematomas and may present complete 
or incomplete mucosal interruption.

Retrograde urethrography is the most diffuse 
exam to detect compression of the urethra in cases 
of bruising or mucosa damage, with iodate contrast 
agent diffused into the periurethral area or the 
spongy tissue with subsequent spongiography and 
visualization of the drainage veins.

Sonography is very useful to detect lesions of the peri-
urethral tissues and particularly the small fl uid collec-
tions that compress or communicate with the urethral 
lumen. The procedure is commonly performed in all 
patients with perineo-scrotal trauma when testicular 
rupture is suspected. CT and MR imaging can be used 
to evaluate the extension of fl uid collections and bone 
fractures, while MR imaging shows a very high sen-
sitivity in the detection of tunica albuginea ruptures 
(Chang and Yeh 1992; Barbagli et al. 1995). 

19.3.7  
Cysts

Paraurethral cysts of non-traumatic origin are very 
rare with only a few cases described in the literature 
(Hakenberg et al. 2000; Bujons et al. 2006). They 
are usually secondary to submucosal gland disten-
sion and appear at ultrasound as lesions with typi-
cal anechoic appearance (Fig. 19.10) that adject in 
the distended urethral lumen. Sonourethrography 
is indicated to locate the lesion and to assess the 
relationships with the urethra.

19.3.8  
Tumors

Primitive benign or malignant lesions of the male 
urethra account for only 1% of urological tumors 

Fig. 19.9. Urethral stone studied with sonourethrography. 
Longitudinal scan of the urethra after fl uid distension with 
saline solution reveals the stone (curved arrow) producing 
occlusion of the urethral lumen

19.3.5  
Fistulae

Fistulae are divided into congenital or acquired 
and, depending on their site, into urethro-rectal 
and urethro-cutaneous. Urethro-rectal fistulae 
are usually caused by inf lammation or surgery. 
Iatrogenic fistulae following catheterization or 
surgery have also been reported. In urethro-cu-
taneous fistulae, the fistula can open in the peri-
neal area or on the ventral surface of the penis. 
Most cases are the result of urethral inf lammation 
with secondary paraurethral abscesses that open 
externally. More rarely fistulae may be caused by 
direct or penetrating trauma and surgery of the 
urethra.

Sonography is generally not useful since it is un-
able to provide complete images of the fi stulous 
tract, though it can visualize prostatic or urethral 
lesions.

Retrograde urethrography is the best way to 
study fi stulae located under the striate sphincter of 
the urethra since it can visualize the fi stula, the con-
comitant cavities and passage of the contrast agent 
into adjacent organs.

Fistulae developing in the posterior urethra are 
better detected using voiding cystourethrography. 
CT is used for monitoring and identifying the ex-
tent of the periurethral and periprostatic fl uid col-
lections.
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(Fellows et al. 1987). Therapy and prognosis de-
pend very much on the site of onset. Depending on 
their origin they show different histological struc-
tures, which may be transitional or malpighian cells. 
Secondary tumors are much more frequent and are 
generally caused by seeding of urothelial vesical 
neoplasms repeatedly treated with endoscopy. These 
secondary metastases are more common at the blad-
der neck and in the posterior urethra (Fig. 19.11) 
and are sometimes located at the level of a post-
infl ammatory longstanding stenosis. Primary tu-
mors located in the prostatic urethra are usually 
transitional cell carcinoma and can be differentiated 
from prostatic carcinoma that have infi ltrated the 
posterior urethra. 

Tumors of the penile urethra are more often epi-
dermoidal and are not particularly aggressive or 
malignant. Neoplasms of the external meatus are 
usually papillomas or acuminate condylomata. In 
papillary lesions, radiological examination and son-
ourethrography show a single or multiple endolumi-
nal fi lling defects or a growing mass, usually associ-
ated with stenosis. Infi ltrating tumors on the other 
hand trigger extensive and tight stenoses, which of-
ten prevent opacifi cation of the urethral lumen lying 
above the lesion. In these cases sonourethrography 
(Pavlica et al. 2003a) is particularly useful since it 
can detect the spread into the surrounding periure-
thral tissue (Fig. 19.12). Neoformations of the poste-
rior urethra can be better studied with transrectal 
sonography. When they spread to the urethra, acu-
minate condylomata present as multiple endolumi-
nal masses that do not allow retrograde distension 
of the penile urethra.

19.4  
Diagnostic Role of Other
Imaging Modalities

CT has a limited role in the evaluation of the ure-
thra. Certain urethral abnormalities such as calculi 
or diverticula may be incidentally discovered at CT 
performed for other indications. CT is useful in pa-
tients with pelvic trauma (Chou et al. 2005) and 
associated urethral injuries and for staging of ure-
thral carcinoma. CT virtual cystoscopy and void-
ing urethrography can be indicated in patients with 
complex urethral strictures and malformations.

Magnetic resonance imaging is not widely used to 
evaluate the urethra. The technique is complex and 

Fig. 19.10. Mucosal cyst 
of the penile urethra. 
Sonourethrography 
with sagittal scan. The 
cyst (*) is anechoic with 
regular margin and pro-
trudes into the urethral 
lumen distended with 
saline solution

Fig. 19.11. Metastatic involvement of the urethra. Patient 
presenting with blood discharge 1 year after cistectomy 
and radical prostatectomy for bladder cancer. Transrectal 
sagittal scan showing encasement of the urethral stump 
( arrowheads) by recurrent tumor tissue (*) 
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offers little extra information that cannot be ob-
tained by radiographic urethrography and sonoure-
thrography. However, due to multiplanar capability 
and excellent tissue contrast, it provides excellent 
anatomical detail of both the urethra and periure-
thral tissues (Ryu and Kim 2001). Distension of the 
urethra is obtained with saline solution after a small 
Foley catheter is placed in the fossa navicularis. 
Imaging is performed using a surface coil that em-
ploys a small fi eld of view with multiplanar T1- and 
T2-weighted sequences. The exam is indicated for 
evaluation of complex malformations, for staging of 
tumors, assessment of traumas and for the diagnosis 
of spongiofi brosis, which is associated with infl am-
matory urethral stenosis (Kawashima et al. 2004). 
Contrast medium is injected to evaluate tumors 
and the degree of activity in infl ammatory lesions
(Pavlica et al. 2003a; Pavlica et al. 2003b).
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20.1  
Penile Cysts

A variety of cystic lumps can be recognized in the 
penis, either congenital or acquired. Diagnosis of 
most of them is straightforward based on clinical 
appearance, but imaging can be required, especially 
in large lesions, to confi rm diagnosis and to assess 
relationships with adjacent penile structures.

Miscellaneous Benign Diseases 20

Michele Bertolotto, Pietro Pavlica, and Manuel Belgrano

20.1.1  
Median Raphe Cysts

These uncommon benign lesions are due to entrap-
ment of epithelial cells during fusion of the labial 
scrotal folds. They can occur anywhere along the 
penile or scrotal raphe from the anus to the urinary 
meatus and are usually asymptomatic, but can get 
secondarily infected (Cardoso et al. 2005). When 
located on the border of the urethral meatus, which is 
the predominant site, they are also known as parame-
atal cysts (Otsuka et al. 1998). Most are present from 
birth and remain undetectable until adolescence or 
adulthood, occurring as a solitary freely movable 
nodule on the ventral surface of the penis.

Histopathologically, the luminar surface wall of 
all cysts consists of pseudostratifi ed columnar epi-
thelium with large polygonal cells developing apo-
crine metaplasia in the free border. The content of 
all cysts was clear mucinous fl uid. At ultrasound 
they usually appear as simple cysts, with typically 
anechoic content (Pavlica 1998).

20.1.2  
Epidermoid Cysts

These lesions result from the proliferation of epi-
dermal cells within a circumscribed space of the 
dermis. They are composed of keratin producing 
epithelium and can be distinguished from dermoid 
cysts, which contain skin and skin appendages, and 
from sebaceous cysts.

Clinically, epidermoid cysts appear as fi rm, oval 
or lobulated nodules of variable size located either 
on the dorsum of the penis or, less frequently, on 
the ventral aspect of the penile shaft (Rattan et al. 
1997). They are more often encountered in child-
hood, but can occur also in middle age and in the 
elderly. 
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These lesions are usually slowly growing and as-
ymptomatic, but occasionally can grow rapidly and 
get infl amed. Large epidermoid cysts may interfere 
with intercourse and cause problems with walking 
or wearing underwear. They can also interfere with 
urination. 

Therapy consists of surgical removal of the mass. 
Imaging is often required in patients with large, rap-
idly growing epidermoid cysts to confi rm the cystic 
nature of the lesion and assess the relationship with 
adjacent organs.

At ultrasound (Fig. 20.1) epidermoid cysts ap-
pear as ovoid or lobulated masses with well-defi ned 
margins, with relatively echogenic content with hy-
poechoic foci. Calcifi cations are occasionally identi-

fi ed. No vascularity is recognized at color Doppler 
interrogation. 

Ruptured cysts may have more lobulated con-
tours and show perilesional Doppler signals. Calci-
fi ed cysts appear as solid hypoechoic masses with 
multiple calcifi ed foci associated with dense digital 
acoustic shadowing.

At magnetic resonance imaging (Fig. 20.1), epi-
dermoid cysts present with well-circumscribed 
masses lacking internal contrast enhancement. On 
T1-weighted images signal intensity is similar or 
higher compared to muscle, while signal intensity 
is high on T2-weighted images. Irregular low-signal 
intensity areas are recognized on both T1- and T2-
weighted images.

Fig. 20.1a–c. Epidermoid cyst of the penis. a Axial ultra-
sound scan showing a well-circumscribed mass with echo-
genic content containing hypoechoic foci (arrowheads). b,c 
Magnetic resonance imaging. b Axial T2-weighted image 
showing a high signal intensity lesion with irregular low 
signal intensity foci. c Sagittal T1-weighted image showing 
an intermediate signal intensity mass containing low signal 
intensity foci

a

c

b
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20.1.3  
Sebaceous Cysts

These lesions are formed by an abnormal sac of re-
tained excretion from the sebaceous follicles and 
appear as tender, painless fl esh-colored or whitish-
yellow lumps underneath the skin. 

Sebaceous cysts are found most commonly on 
the scrotum, but can be found on the penile shaft 
as well. Usually they do not require treatment. Sur-
gical excision can be indicated when they continue 
to grow or become unsightly, painful and infected. 
Infected cysts may require oral antibiotics or other 
treatment before excision.

At ultrasound sebaceous cysts present as homo-
geneously hypoechoic or relatively echogenic nod-
ules within the dermis, with well-defi ned margins 
(Fig. 20.2). No vascular signals are recorded at color 
Doppler interrogation. Infected sebaceous cysts may 
present with increased vascularity of the surround-
ing soft tissue.

20.1.4  
Dermoid Cysts

These lesions are extremely rare in the penis with 
only few cases reported in the literature (Aidarov 
and Zolotarev 1962; Tomasini et al. 1997). In con-
trast to epidermoid cysts, dermoid cysts are lined by 
an epidermis that possesses various fully mature epi-

dermal appendages. Hair follicles containing hairs 
that project into the lumen are often present. The 
dermis usually contains sebaceous glands, eccrine 
glands and, in many patients, apocrine glands.

The appearance of penile dermoid cysts at ul-
trasound and magnetic resonance imaging has not 
been described, but it is conceivable that it should 
be similar to that of dermoid cysts in the scrotum 
(Dogra et al. 2001).

20.1.5  
Paraurethral Cysts and Syringocele

These lesions have been described in Chapter 19. In 
brief, paraurethral cysts are usually secondary to 
submucosal gland distension and appear at ultra-
sound with a typical anechoic appearance. Syrin-
gocele presents at sonourethrography as a tubular 
image at the bulbous urethra, parallel to the urethral 
canal, with a “double tube” appearance.

20.2  
Sclerosing Lymphangitis of the Penis

Sclerosing lymphangitis of the penis is a rare con-
dition involving the distal lymphatics that is char-
acterized by a cord-like lesion just proximal to the 

Fig. 20.2. Axial scan. Sebaceous cyst of the penis presenting as a homogeneously 
echogenic lesion (*)
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coronal sulcus. It is most commonly associated with 
vigorous sexual activity, but it is also seen with in-
fections including gonorrhea, syphilis, chlamydia 
and herpes (Lee et al. 2003). 

Histological study reveals hypertrophy and scle-
rosis of lymphatic vessel walls and, in some cases, 
thrombus formation within the dilated vessels (Lee 
et al. 2003). Most cases are self-limited, lasting only 
a few weeks, and conservative management is indi-
cated. Treatment has traditionally consisted of avoid-
ance of vigorous sexual activity until the lesion disap-
pears. In a few rare cases in which there are persistent 
symptomatic lesions, surgery is indicated. 

Diagnosis is based on typical clinical presentation. 
Ultrasonography confi rms the diagnosis showing a 
dilated serpiginous structure with anechoic content 
resembling rosary beads (Fig. 20.3). No color signals 
are appreciable at Doppler interrogation.

20.3  
Fibrous Hamartoma of the
Corpus Cavernosum

As occurs for fi brous amartomatous lesions else-
where in the body, this extremely rare, probably 
dysembriogenetic lesion is characterized by the 
presence of tissue maintaining the same histological 
features of the normal cavernosal bodies, but with 
altered architecture by the presence of increased fi -
brotic component and reduced vascular and smooth 
muscle components. 

Clinically, the lesion presents as a palpable mass 
in patients with congenital penile curvature and 
erectile dysfunction. Ultrasound features are indis-
tinguishable from those of a classic fi brotic lesion 
(Bertaccini et al. 2004). A mostly hyperechoic le-
sion is identifi ed, displaying no vascularity at color 
Doppler interrogation. At magnetic resonance im-
aging the lesion presents with low signal intensity on 
T2-weighted images (Fig. 20.4). 

20.4  
Idiopathic Deep Dorsal Vein Thrombosis

Thrombosis of the deep dorsal vein can be asso-
ciated with thrombophilia (Schmidt et al. 2000), 
can result from reduced penile blood outfl ow in 
patients with pelvic malignancies and infi ltration 
of the cavernosal veins or may results from trauma, 
infl ammation or following vigorous intercourse. 
This pathological condition, however, may also 

Fig. 20.3. Sclerosing lymphangitis of the penis. Axial scan 
showing a serpiginous anechoic structure (curved arrows) 
proximal to the coronal sulcus resembling rosary beads

Fig. 20.4. Fibrous hamartoma of the corpora cavernosa. 
Coronal T2-weighted image showing relatively low signal 
intensity tissue (*) replacing wide portions of the normal 
hyperintense cavernosal tissue
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present spontaneously in patients without known 
risk factors. 

Clinically, the patients present with a rod-like 
painless induration in the dorsal aspect of the shaft. 
Clinical signs and symptoms suggestive for throm-
bophebitis, such as fever and local pain, are not as-
sociated with the idiopathic form. 

Grey-scale and color Doppler ultrasonography 
show complete and segmental thrombosis of the 
deep dorsal penile vein, isolated or associated with 
thrombosis of the circumfl ex veins, by the presence 
of echogenic material within the vessels (Fig. 20.5), 
which does not change in shape following compres-
sion with the transducer. 

The disease is usually treated with fi brinolytics 
and anticoagulation, associated with discontinu-
ance of sexual activity. Spontaneous resolution usu-
ally occurs within 6–8 weeks.

20.5  
Partial Segmental Thrombosis of the 
Corpus Cavernosum

This uncommon clinical situation, often inaccu-
rately called partial segmental priapism, is char-
acterized by thrombosis of an isolated portion of a 
corpus cavernosum, either idiopathic or associated 
with a traumatic event. In particular, crural seg-
mental thrombosis may result from chronic perineal 
saddle trauma in patients with a history of extensive 
bicycle riding. 

Thrombus formation has been associated with 
the presence of a membrane isolating the involved 
crus, which prevents the usual free communication 
of blood among the crura and the remainder of the 
corpora cavernosa. Although a congenital origin 
for this cavernosal web has been initially suggested, 
increasing evidence shows that it is in most cases a 
posttraumatic scar.

Clinically, the patients present with persistent 
painful swelling of the involved cavernosal crus 
(Horger et al. 2005). Physical examination reveals 
a fi rm mass. Complete resolution of symptoms and 
resumption of normal erectile function are reported 
in most cases; conservative management is therefore 
advocated (Goeman et al. 2003; Horger et al. 2005).

Imaging allows differential diagnosis between 
partial segmental thrombosis and other penile 
masses. At ultrasound a heterogeneously echogenic 
mass is identifi ed, replacing the affected portion of 
the corpus cavernosum (Fig. 20.6). No vascular sig-
nals are recognized at color Doppler ultrasonogra-
phy (Thiel et al. 1998; Goeman et al. 2003).

At CT the penile thrombus presents as a tubu-
lar-shaped mass of fl uid density with no internal 
enhancement and mild peripheral enhancement 
(Burkhalter and Morano 1985; Ptak et al. 1994).

The appearance of a thrombus at magnetic reso-
nance imaging characteristically varies with time on 
both T1-weighted and T2-weighted images depend-
ing on the oxygenation and degradation of its con-
tained hemoglobin (Unger et al. 1986). No enhance-
ment is recognized after gadolinium administration 
(Kimball et al. 1988; Ptak et al. 1994; Thielet al. 
1998; Goeman et al. 2003; Horger et al. 2005).

Fig. 20.5. Idiopathic deep dorsal vein thrombosis. Axial scan 
showing echogenic material within the deep dorsal vein
(arrowheads)

Fig. 20.6. Partial segmental thombosis of the corpus caverno-
sum. Longitudinal scan showing the thrombus ( arrowheads) 
replacing the crus of the left corpus cavernosum
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20.6  
Penile Calciphylaxis

Calciphylaxis is a rare life-threatening disorder 
characterized by progressive vascular calcifica-
tion and ischemic tissue loss in patients with end-
stage renal disease (Wood et al. 1997; Hafner et 
al. 1998; Karpman et al. 2003; Guvel et al. 2004). 
The pathogenesis is poorly understood; it is likely 
the result of a multiplicity of co-morbid factors or 
events. Disorders that are most often implicated 
include chronic renal failure, hypercalcemia, hy-
perphosphatemia, an elevated calcium-phosphate 
product and secondary hyperparathyroidism. 
Very rare cases of calciphylaxis not associated 
with chronic renal failure have been reported with 
breast cancer, hyperparathyroidism and alcoholic 
cirrhosis.

Histological characteristics of calciphylaxis in-
clude small-vessel calcifi cations of the skin, subcu-
taneous tissue and visceral organs. These vascular 
changes promote tissue ischemia that often results 
in tissue necrosis. 

While systemic calciphylaxis affects 1% of pa-
tients with end-stage renal disease, penile involve-
ment has rarely been reported (Wood et al. 1997; 
Karpman et al. 2003; Guvel et al. 2004). The dis-
ease results from medial calcifi cation and fi brosis 
of penile blood vessels. The co-morbidity and mor-
tality associated with this disease are extremely 
high (Guvel et al. 2004). The disease results in 
penile infection and gangrene. Most cases are as-
sociated with systemic calciphylaxis. Ischemia may 
be circumscribed to the glans or may involve the 
entire shaft. Treatment may be either surgical or 
conservative, depending on the extent of the isch-
emia and on the patient’s general condition (Guvel 
et al. 2004).

Clinically, the patients usually present with penile 
induration and severe pain that are unresponsive 
to narcotics. This situation may be misinterpreted, 
leading to incorrect diagnosis of low-fl ow priapism 
and inappropriate management.

Grey-scale and color Doppler ultrasonography 
characteristically show widespread calcifi cation 
(Fig. 20.7) of the tunica albuginea, of the cavernosal 
arteries and obliteration of the distal segments of 
the penile vessels. In patients with severe presenta-
tion, the entire penile vascular tree may be calcifi ed. 
Small calcifi cations can be occasionally identifi ed 
within the cavernosal tissue as well.

Pudendal angiography and contrast-enhanced 
CT confi rm occlusion of the vascular supply to the 
penis (Guvel et al. 2004), but are usually not indi-
cated in these severely ill patients with end-stage 
renal disease. Plain fi lm radiographs and non-con-
trast CT (Fig. 20.7) demonstrate severe calcifi cation 
in the penile arteries and in the tunica albuginea 
(Karpman et al. 2003).

20.7  
Parasitic Infection of the Penis

Most of the parasitic infestations of the penis are 
of dermatologic interest and recognized based on 
clinical appearance alone. Imaging is usually not 
required. Among the most common situations, sca-
bies and pediculosis pubis should be considered. 
In scabies, in particular, multiple typical scabetic 

a

Fig. 20.7a,b. Penile calciphylaxis. a Axial ultrasound scan 
showing diffuse calcifi cation of the tunica albuginea and 
of the cavernosal arteries (arrowheads). b Calcifi cations are 
better appreciable at non-contrast TC

b
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burrows and papules are often present on the glans 
penis, scrotum and penis shaft.

Some parasitic diseases, however, can present 
with penile lumps and cause problems in diagnosis. 
Imaging could be indicated for better defi nition be-
fore surgical removal, especially when these lesions 
are recognized far from the endemic geographic ar-
eas. In fact, with the continuing increase in inter-
national travel, these diseases can manifest almost 
anywhere in the world.

Onchocerchiasis is caused by a parasitic round-
worm transmitted by the bite of the black fl y en-
demic to tropical Africa, Yemen, Mexico, Guate-
mala, Venezuela, Brazil and Colombia. Humans, 
gorillas and chimpanzees are the only hosts of this 
disease. Adult worms are typically found as nodules 
in subcutaneous tissues. Microfi lariae are present in 
the skin, where they may be asymptomatic or cause 
a variety of dermatological manifestations. Ocular 
involvement is the most severe complication, which 
can lead to blindness.

A case of penile onchocerchiasis has been re-
ported, presenting as a painless nodule in the mid 
portion of each crus of the corpus cavernosum, 
which increased in size and became painful within 
14 months. Imaging was not performed in this case 
(Meyer and Nosanchuk 1996).

Sparganosis is a rare parasitic disease that is caused 
by the plerocercoid, sparganum, or various tapeworms 
of the genus Spirometra. The cycle of the parasite re-
quires two intermediate hosts. The fi rst is a copepod, 
a planktonic crustacean that ingests embryos that de-
velop from the tapeworm’s eggs when they reach the 
water with the feces of dogs or cats (the worm’s nor-
mal host). The infected copepod is then ingested by 
one of many vertebrates, including humans. 

Human infection can occur by drinking water 
contaminated with copepods infected with the pro-
cercoid larval stage of the parasite, through inges-
tion of undercooked meat infected with the plero-
cercoids and by placing poultices of frog or snake
fl esh on open wounds, other lesions, or the eyes. This 
practice is common in many Asian cultures. 

Sparganosis is reported sporadically around the 
world; a higher prevalence of the disease occurs in 
several Asian countries. The highest endemicity of 
sparganosis is in Korea and Japan, mostly because of 
dietary customs.

The clinical manifestations of sparganosis de-
pend on which organs or tissues are involved. Sub-
cutaneous tissues, superfi cial muscles and fascia 
are most likely to be infected, but the parasite has 

been recovered on any part of the body, including 
the scrotum (Kim et al. 2007) and penis (Kim 2001). 
The larval worms usually grow slowly into irregular 
nodules. A local tissue reaction results in an itchy, 
infl amed and painful lump.

There are no specifi c treatments, but the spar-
gana may be removed surgically. Prevention in-
volves avoiding eating potentially infected foods 
and drinking contaminated water.

A typical ultrasound appearance of spargana has 
been described (Kim 2001; Kim et al. 2007). A poorly 
defi ned infl ammatory mass is identifi ed, contain-
ing multiple elongated tubular hypoechoic struc-
tures and serpiginous echogenic lesions, consistent 
with empty tracts caused by the migration of the 
sparganum larvae, and with presence of the larvae 
themselves. Intermittent whirling movements can 
be observed during the ultrasound examination 
(Fig. 20.8).

Fig. 20.8a,b. Penile sparganosis. a Longitudinal scan show-
ing an ill-defi ned lesion (arrowheads) containing an elon-
gated hyperechoic area (curved arrows) and a hypoechoic 
tubular structure (*). b Photograph of the removed mass 
showing a white live worm (curved arrow). [Reprinted with 
permission from: Kim SH (2001) Imaging for evaluation of 
erectile dysfunction. J Korean Soc Med Ultrasound 20:1-13]

a

b
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20.8  
Urethral Manipulation Syndrome

Ventral penile deviation following any kind of ure-
thral manipulation is known by the name of ure-
thral manipulation syndrome or Kelami syndrome 
(Kelami 1984). This condition is due to fi brosis and 
scarring of the corpus spongiosum. Ventral penile 
deviation is noticed only in sexually active patients. 
Partial, gradual disappearance of glans engorge-
ment and irregularities palpable along the penile 
urethra are constant fi ndings. Surgical treatment is 
indicated when the deformity interferes with sexual 
intercourse or is accompanied by severe urethral 
strictures.

Diagnosis of Kelami syndrome is based on clinics 
and the history of iatrogenic urethral manipulation 
and confi rmed by identifi cation at ultrasonography 
of circumscribed fi brotic changes within the corpus 
spongiosum (Fig. 20.9).
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21.1  
Background

Contrast-enhanced ultrasonography of superfi cial 
organs has long been considered unlikely because 
the main resonance frequency of these agents, which 
depends mainly on the size of microbubbles, is in 
the range of abdominal ultrasound applications. It 
has been suggested that microbubble contrast agents 
would not produce useful non-linear signals at the 
frequencies needed to provide the spatial resolu-
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tion required for evaluation of superfi cial structures 
(Cosgrove 2004). 

Ultrasound contrast agents, however, contain 
microbubbles of different sizes whose resonance 
frequency range covers the whole range of frequen-
cies used for ultrasound imaging (Greis 2004). In 
particular, in microbubble distribution there is a 
substantial tail of small bubbles, which resonate at 
high frequencies, making possible contrast-specifi c 
imaging at high frequencies as well.

However, contrast-specifi c modes have been 
implemented in small-part probes only recently. 
High-performance contrast-specifi c modes are 
needed to obtain images of diagnostic quality since 
the amount of microbubbles that resonates at high 
frequencies is relatively low, and signal from small 
resonating particles is much lower than for larger 
bubbles. While relatively low insonation frequen-
cies of approximately 4–5 MHz have been initially 
used in small-part probes as well to collect signal 
from a larger percent of resonating bubbles, trans-
ducers operating with frequencies of 7 MHz or 
higher are now available for clinical use ( Cosgrove 
2004).

Preliminary investigations on superfi cial struc-
tures show that contrast-enhanced ultrasonography 
may prove useful for assessing superfi cial lymph 
nodes (Rubaltelli et al. 2004), thyroid and para-
thyroid disease (Cosgrove 2004), muscle and joint 
pathologies (Krix et al. 2005; Weber et al. 2006), 
and breast masses (Cassano et al. 2006). 

Little has been written on contrast-enhanced ul-
trasonography of penile disease. Only few prelimi-
nary investigations have been done in which fi rst 
generation microbubble contrast agents and con-
ventional Doppler techniques have been used. To the 
best of our knowledge, use of the latest generation 
microbubble contrast agents with contrast-specifi c 
ultrasound modes has been reported in a very lim-
ited number of cases.
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21.2  
Microbubble Contrast Agents

Contrast agents for ultrasound are microbubbles, 
1–7 µm in diameter, which are mainly used as in-
travascular contrast media, though other ways of 
administration exist. For instance, these agents can 
be instilled into the urinary bladder to look for ure-
teric refl ux and into the uterus to check for tubal 
patency. Though detectable with Doppler systems, 
special multipulse insonating sequences have been 
developed that selectively display their presence, 
whether in large vessels or in the microvasculature 
(Cosgrove 2006).

The choice of size for clinical microbubbles is de-
termined by the diameter of the pulmonary capil-
laries, since they must be able to cross the lung bed 
to produce systemic enhancement after intravenous 
injection. In practice, this means that they must be 
smaller than 7 µm in diameter. 

Gas microbubbles are by far the most effective 
scatterers to use in an ultrasound contrast agent, 
due to their large differences in acoustic imped-
ance compared with the surrounding blood. How-
ever, free bubbles smaller than 7 µm can only persist 
intact for a few seconds in the blood. This is much 
less than the required time to reach the target or-
gan from the site of injection. In order for the agent 
to achieve suffi ciently long persistence, gas bubbles 
have to be stabilized with an outer shell.

All ultrasound contrast agents are encapsulated 
microbubbles. Both stabilizing shell properties and 
the gas contained in the microbubbles are critical to 
their effectiveness as contrast agents and to render-
ing them suffi ciently stable (Cosgrove 2006). 

Contrast-enhanced ultrasonography is safe 
( Piscaglia and Bolondi 2006), fast, and easy to 
perform. What contrast agents really do is to modify 
the characteristic signature of the echo from blood. 
When properly insonated, microbubbles work by 
resonating, rapidly contracting and expanding in 
response to the pressure changes of the sound wave. 
Multiple harmonic signals are produced, which can 
be recorded using specialized “non-destructive” 
modes. Since signal intensity does not depend on 
the speed of blood, but only on the amount of mi-
crobubbles that are insonated, also very slow fl ows, 
and stationary blood can be evaluated. 

Levovist (Shering, Berlin) was the fi rst agent ap-
proved for general clinical use. It is made of galac-
tose microcrystals whose surfaces provide nidation 

sites on which air bubbles form when they are sus-
pended in water; they are then stabilized by a trace 
of palmitic acid, which acts as a surfactant. Per-
fl uorocarbon or octafl uoropropane gas-contain-
ing agents such as SonoVue (Bracco, Milan, Italy) 
and Defi nity (Bristol-Meyers Swibb, Billerica, NJ) 
are the most currently used in the clinical practice. 
These agents use phospholipids as a stabilizing 
membrane. 

21.3  
Examination Technique

Different examination techniques should be used to 
image penile vasculature with microbubble contrast 
agents. While patients with penile malformations, 
primary penile tumors, and Peyronie’s disease are 
evaluated after cavernosal injection of vasoactive 
drugs to obtain erection, patients with trauma, isch-
emic priapism, and penile metastases are examined 
in basal condition. 

Microbubbles can be injected intravenously or 
directly into the corpora cavernosa. In our clinical 
practice, we use SonoVue (BR1, Bracco, Milan, Italy), 
a sulfur hexafl uoride-fi lled microbubble contrast 
agent licensed for liver imaging in most European 
countries. When SonoVue is injected intravenously, 
a bolus of 4.8 ml is needed to image the penis with 
currently available small-part probes. When Son-
oVue is injected into the corpora cavernosa, a much 
lower dose of microbubbles is needed. Typically, 200 
µl of contrast agent is diluted to a total volume of 
20 ml, and about 0.5 ml of this microbubble suspen-
sion is injected in one corpus cavernosum by using 
a 27-gauge needle. Digital cine clips should be regis-
tered during contrast-enhanced ultrasonography to 
allow accurate retrospective evaluation of the entire 
study.

21.4  
Normal Penile Anatomy

When microbubble contrast agents are injected in-
travenously, enhancement of the corpora cavernosa 
depends on penile infl ow and intracavernosal pres-
sure. 
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In patients with normal erection, maximum en-
hancement is obtained during the onset of erection, 
when penile blood infl ow is maximum, and blood 
pressure within the corpora cavernosa is still low. 
In this phase the entire cavernosal artery tree can 
be evaluated. Cavernosal arteries and their branches 
enhance within 15–30 s, followed by rapid refi ll of 
the cavernosal sinusoids starting from the central 
portion towards the periphery (Fig. 21.1).

During rigid erection, penile blood infl ow is lim-
ited, and blood pressure within the corpora caver-
nosa is high. When microbubbles are injected in 
this phase, cavernosal arteries and the most proxi-
mal portions of their branches enhance, while only 
limited enhancement of the corpora cavernosa is 
observed (Fig. 21.2). Homogeneous enhancement of 

the glans and of the corpus spongiosum is obtained 
both during penile turgescence and when the penis 
is fully erect. In patients with erectile dysfunction, 
enhancement of the corpora cavernosa is less depen-
dent on the phase of erection.

When microbubble contrast agents are injected 
directly within one corpus cavernosum, enhance-
ment of both corpora is obtained (Fig. 21.3). Micro-
bubbles spread from the site of injection fi lling the 
entire corpus, and then the contralateral corpus. 
Homogeneous enhancement is obtained faster in 
the tumescent penis, while penile manipulation 
may be necessary to obtain homogeneous distribu-
tion of microbubbles in patients with full erection. 
The glans and the corpus spongiosum do not en-
hance.

Fig. 21.1a–c. Normal penile anatomy at contrast-enhanced 
ultrasonography during the onset of erection after intrave-
nous injection of SonoVue microbubbles. a Sagittal scan ob-
tained 30 s after microbubble injection shows enhancement 
of the cavernosal arteries (curved arrows) and helicine arte-
rioles (arrowheads). b Sagittal scan on the tip of the penis 
obtained 160 s after microbubble injection shows enhance-
ment of the corpora cavernosa (CC) and of the glans (*). c 
Axial scan on the midshaft obtained 220 s after microbubble 
injection shows homogeneous enhancement of both corpora 
cavernosa (CC). The penile septum (open arrows) is identi-
fi ed by the presence of acoustic shadow

a b

c
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Fig. 21.3. Normal penile anatomy at contrast-enhanced ultra-
sonography after intracavernosal injection of SonoVue micro-
bubbles showing homogeneous enhancement of the corpora 
cavarnosa. The corpus spongiosum (*) does not enhance

Fig. 21.2a–c. Normal penile anatomy at contrast-enhanced 
ultrasonography during full erection after intravenous in-
jection of SonoVue microbubbles. a Sagittal scan obtained 
27 s after microbubble injection shows enhancement of the 
cavernosal arteries (curved arrows) and of the proximal por-
tion of some helicine arterioles (arrowheads). b Sagittal scan 
on the tip of the penis obtained 140 s after microbubble in-
jection shows faint enhancement of the corpora cavernosa 
(CC) and intense enhancement of the glans (*). c Axial scan 
on the midshaft obtained 160 s after microbubble injection 
shows faint enhancement of both corpora cavernosa (CC). 
The cavermosal arteries (curved arrows) are identifi ed as 
enhancing spots

a

c

b
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21.5  
Penile Malformations

Complete penile corporeal septation is a rare malfor-
mation in which the corpora cavernosa are completely 
isolated. Although asymmetrical penile turgescence 
after prostaglandin E1 injection strongly suggests 
complete penile corporeal septation, other patholo-
gies such as localized fi brosis or hypoplasia of the 
corpora cavernosa should be considered. Final diag-
nosis is usually accomplished with cavernosography, 
which demonstrates that injection of iodinated con-
trast agent in one corpus cavernosum fails to fi ll the 
contralateral cavernosal body. Contrast-enhanced 
ultrasonography is as effective as cavernosography 
to obtain the fi nal diagnosis of complete penile corpo-
real septation showing unilateral enhancement after 
cavernosal injection of microbubbles (Fig. 21.4).

21.6  
Impotence

Contrast-enhanced US was used to evaluate helicine 
arterioles in subjects with normal erection and with 
erectile dysfunction (Lencioni et al. 1998). Conven-
tional Doppler techniques have been used. After 
Levovist injection distal ramifi cations of helicine 
arterioles were betted evaluated. Visibility of heli-
cine arteries is reduced in patients with arteriogenic 
erectile dysfunction and arteriolar damage, such as 

heavy smokers, diabetic patients, and patients with 
severe hypertension. As occurs for non-enhanced 
color Doppler and power Doppler evaluation, how-
ever, visibility of helicine arteries strongly depends 
on penile arterial infl ow and on corporeal pressure 
(Bertolotto and Neumaier 1999). In fact, this 
evaluation has a limited clinical value.

21.7  
Peyronie’s Disease

Microbubble contrast agents have been temptatively 
used to obtain information on the infl ammatory state 
of the albugineal plaques in patient with Peyronie’s 
disease (Carbone et al. 1999). A preliminary study 
performed with conventional Doppler techniques af-
ter intravenous administration of Levovist microbub-
bles suggests that contrast-enhanced ultrasonogra-
phy could improve detection of color signals around 
and within the plaque. Evidence of microvascular-
ization around the plaque should be a sign of active 
infl ammation and evolving disease, while absence 
of fl ow signal should be a sign of disease stabiliza-
tion. Other investigators, however, failed to confi rm 
these fi ndings (Sarteschi et al. 2003). In fact, con-
ventional Doppler techniques are not able to evaluate 
signals from microvessels (Bruce et al. 2004). Signal 
from leakage pathways and emissary veins passing 
through the plaque, blooming, and twinkling arti-
facts produced by small plaque calcifi cations may be 
mistaken for plaque vascularization. It is conceivable 
that these limitations could be overcome using con-
trast-specifi c modes that allow evaluation of very low 
fl ow in microvessels as well (Cosgrove 2006). In fact, 
using these modes, enhancement can be occasionally 
demonstrated in painful plaques (Fig. 21.5). Differen-
tiation of these signals from those of adjacent vessels, 
however, remains problematic. 

21.8  
Traumas

In patients with penile fracture, ultrasonography is 
able to detect the site of the tear as an interruption of 
the echogenic line of the tunica albuginea. Small de-
fects, however, could be overlooked. In case of doubt, 

Fig. 21.4. Complete penile corporeal septation. Microbubble 
injection in the right corpus cavernosum produces unilat-
eral corporeal enhancement
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alone when microbubbles are detected outside the 
urethral lumen. No investigation is currently avail-
able, however, confi rming this hypothesis.

21.9  
Penile Malignancies

Contrast-enhanced ultrasonography allows differ-
entiation between enhancing solid tumors of the 
penis and non-enhancing masses, such as complex 
cystic lesions. Evaluation of patients with penile 
masses improves when the penis is turgescent, be-
cause the relationship between the lesion and the 
surrounding structures is better delineated. Full 
erection is not recommended, because enhance-
ment of the corpora cavernosa reduces. Most 
malignant penile tumors are squamous-cell car-
cinomas. After intravenous microbubble adminis-
tration, tumor tissue usually displays early inho-
mogeneous enhancement, usually less intense than 
the corporal bodies, and rapid wash out. When 
a good enhancement of the corpora cavernosa is 
obtained, tumor spreading within the corpora 
cavernosa can be evaluated as areas with poor 
contrast enhancement starting from 1–2 min after 
microbubble injection. Similar information can be 
obtained after cavernosal microbubble adminis-
tration (Fig. 21.6). 

Metastatic involvement of the penis can pres-
ent with distinct tumor nodules or diffuse infil-
tration of the penile shaft. In patients with diffuse 
secondary involvement of the shaft, the lesions 
can be barely visible at ultrasound except for mild 
alteration of the penile echotexture, diffuse or fo-
cal infiltration of the tunica albuginea, or irregu-
lar bulking of the penis. Occasionally, isoechoic 
distinct nodules cannot be identified at grey-scale 
ultrasonography. After intravenous microbubble 
administration, patients with secondary involve-
ment of the penis present with profound altera-
tion of penile vasculature. A variable early arte-
rial enhancement is followed by a washout phase 
in which the corpora cavernosa present with inho-
mogeneous enhancement. Distinct isoechoic nod-
ules may become appreciable after microbubble 
administration (Fig. 21.7) because they present 
with different enhancement characteristics, com-
pared with cavernous tissue (Bertolotto et al. 
2005). 

Fig. 21.5a,b. Patient with Peyronie’s disease and painful 
erection. Sagittal scans at the level of a large dorsal plaque 
(arrowheads) obtained during the maximum erection phase 
reached by the patient after intravenous microbubble ad-
ministration. a At 32 s after microbubble injection arterial 
vessels enhance. Note a portion of the dorsal artery (open 
arrow) that must be differentiated by plaque enhancement. 
b At 40 s after microbubble injection enhancement of the 
plaque and surrounding tissue is appreciable. 

a

b

contrast-enhanced ultrasonography after cavernosal 
microbubble injection can be useful to confi rm di-
agnosis and to identify the site of the albugineal tear 
when contrast extravasation from the corpora cav-
ernosa is observed. It is conceivable that associated 
urethral injury could be detected by retrograde con-
trast-enhanced sonourethrography with increased 
sensitivity compared to grey-scale ultrasonography 
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21.10  
Acute Penile Ischemia

No enhancement of the cavernosal arteries or fill-
ing of the central portion of the corpora cavernosa 
is detected in patients with ischemic priapism. 
Occasionally, the outer portion of the corpora 
cavernosa may enhance via collateral pathways. 
Conversely, enhancement of the glans, of the cor-

pus spongiosum, and of the soft tissues surround-
ing the corpora cavernosa is usually appreciable 
(Fig. 21.8).

Cavernosal blood aspiration followed by intra-
cavernous microbubble injection allows identifi ca-
tion of non-enhancing cavernosal blood clots. In 
patients who had undergone shunting procedure, 
shunt patency can be evaluated when microbubbles 
injected in the corporal bodies are observed fl owing 
outside the corpora cavernosa (Fig. 21.9).

Fig. 21.6a,b. Penile cancer involving the tip of the corpora cavernosa. a Sagittal scan obtained on the right corpus caver-
nosum after intravenous microbubble injection showing enhancement of the glans (G) and of the corpus cavernosum (C). 
Tumor (T) enhancement is lower compared with enhancement of the erectile bodies. The tip of the right corpus cavernosum 
(*) presents with irregular borders and poor enhancement by presence of tumor infi ltration. b Sagittal scan of the same 
corpus cavernosum obtained after intracavernosal injection of microbubbles confi rms infi ltration of the corporeal tip (*)

a b

Fig. 21.7a,b. Advanced prostate cancer spreading in the penile shaft. Axial scans. a Conventional grey-scale ultrasonography showing 
infi ltration of the corpora cavernosa. The tumor tissue is isoechoic to the cavernous tissue, but can be identifi ed by focal infi ltration 
(arrowheads) of the tunica albuginea. b Contrast-enhanced ultrasonography. Axial scan obtained after intravenous microbubble 
injection demonstrates distinct secondary nodules as areas displaying poor contrast enhancement within the cavernosal bodies

a b
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Acute penile ischemia secondary to calciphylaxis 
in end-stage renal disease (Barthelmes et al. 2002), 
vasculitis, metabolic disease, iatrogenic procedures 
or trauma is very rare. In fact, collateral circula-
tion usually prevents cavernosal tissue ischemia, 
also after bilateral occlusion. We observed a patient 
with Fabry’s disease who developed acute penile 
ischemia. After intravenous microbubble injection, 
no enhancement of the corpora cavernosa was ob-
served, while only mild enhancement of the soft tis-
sues surrounding the corpora occurred, refl ecting 
compromise of the general circulation. 

21.11  
Cavernosal Tissue Scar and Fibrosis

Contrary to gadolinium-based and to iodinated con-
trast agents, microbubbles do not diffuse out of the 
blood circulation. As a consequence, after intravenous 
microbubble administration fi brotic tissue shows no 
enhancement in all vascular phases. At contrast-en-
hanced ultrasonography, localized cavernosal tissue 
fi brosis presents as a circumscribed perfusion defect. 
Diffuse fi brotic changes present with inhomogeneous 
enhancement of the corpora cavernosa. Contrary to the 
normal cavernosal tissue, delayed peripheral enhance-
ment of variable degree is often appreciable, probably 
by the presence of viable subalbugineal cavernosal tis-
sue fed by peripheral vascular pathways, while poor or 
no contrast enhancement is appreciable in the central 
portion of the corpora cavernosa (Fig. 21.10). 

Fig. 21.8. Acute penile ischemia in a patient with low fl ow 
priapism and bilateral cavernosal artery occlusion. After 
intravenous microbubble injection, no enhancement of 
the corpora cavernosa and of the cavernosal arteries is ap-
preciable, while enhancement of the corpus spongiosum
(arrowheads) and of the soft tissues surrounding the corpora 
cavernosa is appreciable 

Fig. 21. 9. Al-Ghorab shunting in a patient with ischemic pri-
apism. Patency of the shunt is assessed at contrast-enhanced 
ultrasonography after intracavernosal contrast injection 
by presence of microbubbles fl owing via the shunt (open
arrows) towards the glans

Fig. 21.10a,b. Cavernosal tissue scar and fi brosis. Axial scans 
obtained after intravenous microbubble injection. a Caver-
nosal tissue scar within the left corpus cavernosum present-
ing as a circumscribed area (*) in which contrast enhance-
ment is lacking. b Diffuse penile fi brosis following ischemic 
priapism. Peripheral enhancement of the corpora cavernosa 
is appreciable, while the central portion does not enhance

b

a
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21.12  
Urethral Pathology

Usually microbubble administration is not required 
for evaluation of the anterior urethra because sono-
urethrography after introduction of normal saline 
solution provides enough clinically useful infor-
mation (Pavlica et al. 2003). Use of sonographic 
contrast medium intra-urethrally, however, can be 
indicated in selected cases to improve the defi ni-
tion of long narrow strictures (Babnik Peskar and 
Visnar Perovic 2004) and reduce artifacts such 
as those produced by shadowing caused by severe 
fi brosis.

Cystosonography with microbubble contrast 
agents has proved to be a reliable method for the 
identifi cation and grading of vesicoureteral refl ux 
without the use of ionizing radiation (Berrocal et 
al. 2001). The main limitation of contrast-enhanced 
cystosonography compared with conventional void-
ing cystourethrography was considered to be its dif-
fi culty in accurately imaging the urethra (Mentzel 
et al. 1999). In the latest studies, however, it has been 
demonstrated that voiding ultrasonography can ad-
equately assess the female, as well as the male, ure-
thra (Berrocal et al. 2005). 

Ultrasound evaluation of the posterior urethra 
is obtained during the voiding phase of contrast-
enhanced cytosonography by using a 3.5- or 5-MHz 
sector array or a 7.5-MHz linear transducer. The 
examination is often performed in conventional 
grey-scale ultrasound (Berrocal et al. 2005) us-
ing the tissue harmonic mode, when available, 
but contrast-specific modes, either destructive or 
non-destructive, can be used as well (Mate et al. 
2003; Ascenti et al. 2004) with the advantage of 
increased sensitivity in detection of signal from 
microbubbles. The entire procedure is videotaped 
to allow review of the complete examination in 
real time. Using this approach, posterior urethral 
valves are diagnosed at voiding ultrasonography 
when a dilated posterior urethra is observed with 
poor distention of the valve area and a reduced 
caliber of the anterior urethra. A urethral steno-
sis is diagnosed when a difference in caliber of at 
least one-third is observed between the pre- and 
post-stenotic areas (Berrocal et al. 2005). Retro-
grade contrast-enhanced sonourethrography can 
be useful for evaluation of complex strictures of 
the anterior urethra, especially in the bulbar por-
tion (Fig. 21.11). 
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New Technologies in Radiation Oncology
Edited by W. Schlegel, T. Bortfeld, 
and A.-L. Grosu

Technical Basis of Radiation Therapy
4th Revised Edition
Edited by S. H. Levitt, J. A. Purdy, 
C. A. Perez, and S. Vijayakumar

CURED I • LENT  
Late Eff ects of Cancer Treatment 
on Normal Tissues 
Edited by P. Rubin, L. S. Constine, 
L. B. Marks, and P. Okunieff

Clinical Practice of Radiation Therapy for 
Benign Diseases
Contemporary Concepts and Clinical 
Results
Edited by M. H. Seegenschmiedt, 
H.-B. Makoski, K.-R. Trott, and 
L. W. Brady

123

Medical Radiology Diagnostic Imaging and Radiation Oncology
   Titles in the series already published


	a.pdf
	front-matter.pdf
	01 Instrumentation and Technical Requirements.pdf
	02 Penile Anatomy.pdf
	03 Physiology of Penile Erection and Pathophysiology of Erectile Dysfunction.pdf
	04 Clinical Evaluation of Erectile Dysfunction in the Era of PDE-5 Inhibitors- The Residual Role of Penile Color Doppler US.pdf
	05 US Anatomy of the Penis- Common Findings and Anatomical Variations.pdf
	06 US Evaluation of Erectile Dysfunction.pdf
	07 Peyronie’s Disease- Etiology and Treatment.pdf
	08 US Evaluation of Patients with Peyronie’s Disease.pdf
	09 Pathophysiology and Treatment of Priapism.pdf
	10 Imaging Priapism- The Diagnostic Role of Color Doppler US.pdf
	11 Penile Injuries- Mechanism, Presentation and Management.pdf
	12 US Evaluation of Patients with Penile Traumas.pdf
	13 Penile Tumors- Classification, Clinics and Current Therapeutic Approach.pdf
	14 Penile Tumors- US Features.pdf
	15 Surgical Treatment of Penile Disease- Current Indications.pdf
	16 US of the Postoperative Penis.pdf
	17 Penile Inflammation.pdf
	18 Penile Scar and Fibrosis.pdf
	19 US Imaging of the Male Urethra.pdf
	20 Miscellaneous Benign Diseases.pdf
	21 Contrast-Enhanced US of the Penis.pdf
	back-matter.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


