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    Foreword   

 Hark! Sound belongs to the masses! Similarly, ultrasound is not the private 
domain of the designated “imagers” in medicine but belongs to all members 
of the healing arts to the extent they wish to learn and employ it. Sound is the 
great equalizer providing a measure of social equality within medicine that 
unlike its royal sisters of imaging (i.e.,  fl uoroscopic, computed tomographic, 
or magnetic resonance) is available equally and inexpensively    (portable units 
are now <$50,000) to all. 

 As with endoscopy, urologists have the opportunity to be leaders in this 
 fi eld, and within the chapters of this book are the tickets for admission. Within 
these 14 chapters, all aspects of ultrasonographic urology are addressed. Drs. 
Pat Fulgham and Bruce Gilbert have graced us with a “labor of love,” three 
years in the making; such is their belief, which I share, that ultrasound is the 
future of urology and needs to be accepted as an essential part of the urolo-
gist’s training and practice. This is “opportunity come knocking”. 

 The organs of our specialty are largely hidden from “view”—ultrasound 
makes them all visible, uncloaking the future and empowering physicians to 
favorably alter time’s course on behalf of each patient.    Will more renal, tes-
ticular, and possibly bladder tumors be “discovered?” Absolutely. Will their 
early discovery and treatment lead to a state much like we have seen with 
PSA and prostate cancer, in which the incidence of metastatic disease dra-
matically decreases and the longevity curve for each cancer is Turned 
“upward?” Only carefully done studies will tell, but already this technology 
is proving its worth as now follow-up studies for renal stones can be done 
with the ultrasound unit in the of fi ce, thereby saving the patient the time, 
money, and X-ray exposure of numerous “low-dose” CT scans. 

 I urge each urologic surgeon to embrace this technology in the fullest 
sense of its potential, for it is the ticket to a new realm of medicine, one in 
which we predict and thus prevent the disease before it occurs, proactively 
diagnose an impending illness prior to the development of debilitating symp-
toms, and treat/cure a malady in the most minimalist fashion, for the earlier 
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the diagnosis, the less the cost in dollars and human suffering for the cure. 
With apologies, here be at long last a non-Macbethian future in which:

  Life’s de fi ned in a passing shadow, a skilled imager 
 Who scans and sets this 10 minutes upon the stage. 
 And then recorded evermore. 
 It is a tale. 
 Told by a transducer, full of sound—not fury, 
 Signifying everything. 

 August 9, 2012 Ralph V. Clayman     



ix

    Preface 

   The genesis of this book was the con fl icted conviction that ultrasound has a 
critical role to play in the management of urologic patients but that it would 
never be considered an integral part of the specialty of urology until there was 
a body of scholarly literature on the subject generated by urologists. 

 Urologists had been performing and interpreting transrectal ultrasound of 
the prostate for many years and routinely interpreting ultrasound examina-
tions of the kidneys, bladder, and male genitalia, but comparatively few urol-
ogists were both performing and interpreting all of these studies on their 
patients. Therefore, the necessary preamble to this work was the identi fi cation 
of a group of urologists who were clinical experts in all aspects of urologic 
ultrasound. This group, the American Urological Association’s (AUA) 
National Urologic Ultrasound Faculty, founded in 2007, began the ambitious 
project of educating themselves about the fundamentals of ultrasound phys-
ics, the biologic effects of ultrasound, patient safety, and scanning 
technique. 

 A standard curriculum was developed to transmit this enhanced informa-
tion about ultrasound to practicing urologists, many of whom had already 
been performing transrectal ultrasound for two decades. The American 
Urological Association Of fi ce of Education has offered this curriculum, 
including hands-on training, to thousands of urologists in the United States 
and around the world. 

 The anticipated and hoped for consequence of clinicians acquiring a thor-
ough understanding of ultrasound technology and technique was the rapid 
extension of ultrasound to new applications and clinical procedures. This has 
come to pass. As a consequence, there has been a heightened interest in estab-
lishing accepted indications for imaging procedures and guidelines for per-
forming high-quality studies. With the guidance of the AUA, the American 
Institute of Ultrasound of Medicine (AIUM) has established  Practice 
Guidelines for the Performance of Ultrasound in the Practice of Urology ™ 
published in 2012. The AIUM now offers, for the  fi rst time, practice accredi-
tation for urologic ultrasound. 
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 Urologists have now begun to publish original research on the basic 
 science of ultrasound as well as many clinical studies. Ultrasound education 
has become a more formal component of residency training in urology. 

 With these foundational pieces in place, we felt it was time to bring the 
information together in a single work conceived and written exclusively by 
clinical urologists. As such, we hope the information will be both authorita-
tive and practical.   

    Dallas ,  TX   , USA          Pat   F.   Fulgham ,  MD, FACS        
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    Preface 

   Imaging in medicine has been, and will likely remain, the primary modality 
for identi fi cation of altered structure due to disease processes. As a noninva-
sive, safe, and relatively inexpensive imaging modality, ultrasound has been 
embraced by many medical specialties as the “go to” technology. 

 With ever-changing technology and regulatory requirements, this book 
was envisaged to provide a compendium of information for the practicing 
urologist, beginning with the physical science of ultrasound and continuing 
through clinical applications in urology. It is our hope that this will be the  fi rst 
of many literary endeavors of urologists for urologists interested in perform-
ing and interpreting urologic ultrasound studies. 

 Ultrasound has often been referred to as the urologist’s stethoscope 
because much of the genitourinary system is not easily evaluated by physical 
examination and requires imaging for diagnosis. Therein lies one of the 
unique aspects of ultrasound studies performed and interpreted by urologists. 
The mandate to examine the patient coupled with the urologist’s experience 
in both surgical and medical treatment engenders an unparalleled ability to 
meld the healer’s art with advanced imaging technology. It is our fervent hope 
that this text might encourage more urologists to embrace the art and science 
of ultrasound in their mission to provide excellence in patient care.   

             New Hyde Park ,  NY ,   USA Bruce  R.  Gilbert, MD, PhD, FACS          
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 Ultrasound is the portion of the acoustic spectrum 
characterized by sonic waves that emanate at fre-
quencies greater than that of the upper limit of 
sound audible to humans, 20 kHz. A phenomenon 
of physics that is found throughout nature, ultra-
sound is utilized by rodents, dogs, moths, dolphins, 
whales, frogs, and bats for a variety of purposes, 
including communication, evading predators, and 
locating prey  [  1–  4  ] . Lorenzo Spallazani, an eigh-
teenth-century Italian biologist and physiologist, 
was the  fi rst to provide experimental evidence that 
non-audible sound exists. Moreover, he hypothe-
sized the utility of ultrasound in his work with bats 
by demonstrating that bats use sound rather than 
sight to locate insects and avoid obstacles during 
 fl ight; this was proven in an experiment where 
blind-folded bats were able to  fl y without naviga-
tional dif fi culty while bats with their mouths cov-
ered were not. He later determined through operant 
conditioning that the  Eptesicus fuscus  bat can per-
ceive tones between 2.5 and 100 kHz  [  5,   6  ] . 

 The human application of ultrasound began in 
1880 with the work of brothers Pierre and Jacques 
Curie, who discovered that when pressure is 
applied to certain crystals, they generate electric 
voltage  [  7  ] . The following year, Gabriel Lippmann 

demonstrated the reciprocal effect that crystals 
placed in an electric  fi eld become compressed 
 [  8  ] . The Curies demonstrated that when placed in 
an alternating electric current, the crystals either 
underwent expansion or contraction and pro-
duced high-frequency sound waves, thus creating 
the foundation for further work on piezoelectric-
ity. Pierre Curie met his future wife, Marie—with 
whom he later shared the Nobel Prize for their 
work on radioactivity  [  9  ] —in 1894, when Marie 
was searching for a way to measure the radioac-
tive emission of uranium salts. She turned to the 
piezoelectric quartz crystal as a solution, combin-
ing it with an ionization chamber and quadrant 
electrometer; this marked the  fi rst time piezo-
electricity was used as an investigative tool  [  10  ] . 

 The sinking of the RMS Titanic in 1912 drove 
the public’s desire for a device capable of echolo-
cation, or the use of sound waves to locate hidden 
objects. This was intensi fi ed 2 years later with 
the beginning of World War I, as submarine war-
fare became a vital part of both the Central and 
Allied Powers’ strategies. Canadian inventor 
Reginald Aubrey Fessenden—perhaps most 
famous for his work in pioneering radio broad-
casting and developing the Niagara Falls power 
plant—volunteered during World War I to help 
create an acoustic-based system for echolocation. 
Within 3 months he developed a high-power 
oscillator consisting of a 20 cm copper tube 
placed in a pattern of perpendicularly oriented 
magnetic  fi elds that was capable of detecting an 
iceberg 2 miles away and being detected under-
water by a receiver placed 50 miles away  [  11  ] . 
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 A contemporary of Fessenden and student of 
Pierre Curie, Paul Langevin was similarly inter-
ested in using acoustic technology for the detec-
tion of submarines in World War I. Using 
piezoelectricity, he developed an ultrasound gen-
erator in which the frequency of the alternating 
 fi eld was matched to the resonant frequency of the 
quartz crystals. This resonance evoked by the crys-
tal produced mechanical waves that were transmit-
ted through the surrounding medium in ultrasonic 
frequency and were subsequently detected by the 
same crystals  [  12,   13  ] . Dubbed the “hydrophone,” 
this represented the  fi rst model of what we know 
today as sound navigation and ranging, or SONAR. 
Although there were only sporadic reports on the 
use of SONAR in sinking German U-boats, 
SONAR was vital to both the Allied and Axis 
Powers during World War II  [  14  ] . 

 In 1928, Russian scientist Sergei Sokolov 
 further advanced the applicability of ultrasound 
in his experiments at Ulyanov Electrotechnical 
Institute. Using a “re fl ectoscope,” Sokolov 
directed sound waves through metal objects, 
which were re fl ected at the opposite side of the 
object and traveled back to the re fl ectoscope. He 
determined that  fl aws within the metals would 
alter the otherwise predictable course of the sound 
waves. Sokolov also proposed the  fi rst “sonic 
camera,” in which a metal’s  fl aw could be imaged 
in high resolution. The actual output, however, 
was not adequate for practical usage. These early 
experiments describe what we now know as 
through transmission  [  15  ] . Sokolov is regarded by 
many as the “Father of Ultrasonics” and was 
awarded the Stalin prize for his work  [  13  ] . 

 In 1936, German scientist Raimar Pohlman 
described an ultrasonic imaging method based on 
transmission via acoustic lenses, with conversion 
of the acoustic image into a visual entity. Two 
years later, Pohlman became the  fi rst to describe 
the use of ultrasound as a treatment modality 
when he observed its therapeutic effect when 
introduced into human tissues  [  16  ] . Austrian neu-
rologist Karl Dussik is credited with being the 
 fi rst to use ultrasound as a diagnostic tool. In 1940 
in a series of experiments attempting to map the 
human brain and potentially locate brain tumors, 
transducers were placed on each side of a patient’s 

head, which along with the transducers was par-
tially immersed in water. At a frequency of 
1.2 MHz, Dussik’s “hyperphonography” was able 
to produce low-resolution “ventriculograms”  [  17  ] . 
Other investigators were unable to reproduce the 
same images as Dussik, sparking controversy that 
his may have not been true images of the cerebral 
ventricles, but rather, acoustic artifact. Dussik’s 
work led MIT physician HT Ballantyne to con-
duct similar experiments, where they demon-
strated that an empty skull produces the same 
images obtained by Dussik. They concluded that 
attenuation patterns produced by the skull were 
contributing to the patterns that Dussik had previ-
ously thought resulted from changes in acoustic 
transmission caused by the ventricles. These 
 fi ndings led the United States Atomic Energy 
Commission to conclude that ultrasound had no 
role in the diagnosis of brain pathology  [  18,   19  ] . 

 In 1949, John Wild, a surgeon who had spent 
time in World War II treating numerous soldiers 
with abdominal distention following explosions, 
used military aviation-grade ultrasonic equipment 
to measure bowel thickness as a noninvasive tool to 
determine the need for surgical intervention. He 
later used A-mode comparisons of normal and can-
cerous tissue to demonstrate that ultrasound could 
be useful in the detection of cancer growth. Wild 
teamed up with engineer John Reid to build the  fi rst 
portable “echograph” for use in hospitals and also 
to develop a scanner that was capable of detecting 
breast and colon cancer by using pulsed waves to 
allow display of the location and re fl ectivity of an 
object, a mode that would later be described as 
“brightness mode,” or simply B-mode  [  13,   20,   21  ] . 

 Following the post-World War II resurgence of 
interest in cardiac surgery, Inge Edler and Hellmuth 
Hertz began to investigate noninvasive methods of 
detecting mitral stenosis, a disease with relatively 
poor results at the time. Using an ultrasonic 
re fl ectoscope with tracings recorded on slowly 
moving photographic  fi lm designed by Hertz, they 
were able to capture moving structures within the 
heart. Dubbed “ultrasound cardiography,” this rep-
resented the  fi rst echocardiogram, which was capa-
ble of differentiating mitral stenosis from mitral 
regurgitation and detecting atrial thrombi, myxo-
mas, and pericardial effusions  [  22,   23  ]  (Fig.  1.1 ).  
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 With the support of the Veterans Administration 
and United States Public Health Service, Holmes 
et al. described the use of ultrasound to detect 
soft tissue structures with an ultrasonic “sonas-
cope.” This consisted of a large water bath in 
which the patient would sit, a sound generator 
mounted on the tub, and an oscilloscope which 
would display the images. The sonascope was 
capable of identifying a cirrhotic liver, renal cyst, 
and differentiating veins, arteries, and nerves in 
the neck. Consistent with the results of their pre-
decessors, however, they were unable to produce 
meaningful ultrasound images of the brain  [  24  ] . 

 The use of ultrasound in obstetrics and gyne-
cology began in 1954 when Ian Donald became 
interested in the use of A-mode, or amplitude-
mode, which uses a single transducer to plot 
echoes on a screen as a function of depth; one of 
the early uses of this was to differentiate solid 
from cystic masses. Using a borrowed  fl aw-
detector, he initially found that the patterns of the 
two masses were sonically unique. Working with 
the research department of an atomic boilermaker 
company, he led a team that developed the  fi rst 
contact scanner. Obviating the need for a large 
water bath, this device was hand-operated and 
kept in contact with skin and coupled with olive 
oil. Captured on Polaroid  fi lm with an open shut-
ter, abdominal masses could be reliably and 
reproducibly differentiated using ultrasound. 

Three years later, Donald collaborated with his 
team of engineers to develop a means to measure 
distances on the output on a cathode ray tube, 
which was subsequently used to determine fetal 
head size  [  13,   25,   26  ] . 

   History of Doppler Ultrasound 

 In 1842, Christian Johann Doppler theorized that 
the frequency of light received at a distance from 
a  fi xed source is different than the frequency 
emitted if the source is in motion  [  27  ] . More than 
100 years later, this principle was applied to 
sound by Satomura in his study on cardiac valvu-
lar motion and peripheral blood vessel pulsation 
 [  28  ] . In 1958, Seattle pediatrician Rushmer and 
his team of engineers further advanced the tech-
nology with their development of transcutaneous 
continuous-wave  fl ow measurements and spec-
tral analysis in peripheral and extracranial brain 
vessels  [  29  ] . Real-time imaging—developed in 
1962 by Holmes—was born out of the principle    
of “compounding,” which allowed the sonogra-
pher to sweep the transducer across the target to 
continuously add information to the scan; the 
phosphor decay display left residual images from 
the prior transducer position on the screen, allow-
ing the entire target to be visualized  [  13  ] . The 
 fi rst commercially available real-time scanner was 

  Fig. 1.1    First “motion-mode,” or M-mode, tracing displaying ultrasonic tracings of moving cardiac structures. From  [  23  ]        
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produced by Siemens, and its  fi rst published use 
was in the diagnosis of hydrops fetalis  [  30,   31  ] . 

 Bernstine and Callagan were the  fi rst to report 
the obstetric utility of Doppler in their 1964 
report on ultrasonic detection of fetal heart move-
ment, thus laying the foundation for continuous 
fetal monitoring  [  32  ] . The same year, Buschmann 
was the  fi rst to report “carotid echography” for 
the diagnosis of carotid artery thrombosis  [  33  ] , 
although debate ensued as to whether ultrasound 
was capable of identifying the carotid bifurcation 
or its branches into the internal and external 
carotid arteries  [  34–  37  ] . 

 In 1966, Kato and Izumi developed directional 
Doppler that was capable of determining direction 
of  fl ow  [  31,   38  ] . The following year, McLeod in 
the United States reported similar  fi ndings using 
phase shift in the United States  [  31,   39  ] . By 1967, 
the use of Doppler ultrasound had spread to Europe, 
where continuous-wave ultrasound (which does not 
allow precise spatial localization) was being used to 
diagnose occlusive disease of neck and limb arteries, 
venous thrombosis, and valvular insuf fi ciency with 
accuracy  [  40  ] . Pulsed Doppler soon provided the 
capability of sampling speci fi c Doppler signals in 
target tissues, a function that quickly became clini-
cally applicable in the detection of valvular motion 
and differential  fl ow rates within the heart  [  41  ] . 

 The addition of color  fl ow mapping to Doppler 
ultrasound allowed real-time mapping of blood 
 fl ow patterns  [  42  ] . The limitations of color  fl ow, 
including angle dependence and dif fi culty assess-
ing  fl ow in slow- fl ow states, were soon appreci-
ated. These were overcome with the advent of an 
alternative form of Doppler, termed “Power 
Doppler.” This alternative to routine color  fl ow 
was found to be useful in con fi rming or exclud-
ing dif fi cult cases of testicular or ovarian torsion 
and vascular thrombosis  [  43  ] . 

 In 1989, Baba and colleagues reported on the 
 fi rst production of a three-dimensional ultrasonic 
image. Using a real-time straight or curved trans-
ducer, they were able to obtain positional informa-
tion with an ultrasound device that was connected 
to a microcomputer, which reconstructed the data 
into a three-dimensional output. The authors 
hypothesized that this system would be ideal for 
the screening of fetal anomalies and abnormalities 

in intrauterine growth  [  43  ] . Following the develop-
ment of von Ramm’s three-dimensional ultrasound 
device, Sheikh et al. published the  fi rst use of real-
time three-dimensional acquisition and presenta-
tion of data in the United States in 1991. This 
proved to be useful in cardiology for assessment of 
perfusion and ventricular function  [  44  ] .  

   History of Ultrasound in Urology 

   Prostate 

 In 1963, Japanese urologists Takahashi and Ouchi 
became the  fi rst to attempt ultrasonic examination 
of the prostate. However, the image quality that 
resulted was not interpretable and thus carried 
little medical utility  [  45  ] . Wild and Reid also 
attempted transrectal ultrasound, but were met 
with the same result. Progress was not made until 
Watanabe et al. demonstrated radial scanning that 
could adequately identify prostate and bladder 
pathology. Using a purpose-built device modeled 
after a museum sculpture entitled “Magician’s 
Chair,” Watanabe seated his patients on a chair 
with a hole cut in the center such that the trans-
ducer tube could be passed through the hole and 
into the rectum of the seated patient  [  46  ] . Images 
from Watanabe’s seated probe are displayed below; 
it is evident in Fig.  1.2b  (demonstrating an area of 
circumscribed symmetric echogenicity, represent-
ing BPH) and Fig.  1.2c  (demonstrating an asym-
metric area of hyperechogenicity, representing 
prostate cancer) that resolution was poor and 
images displayed extreme contrast. Subsequent 
development of biplane, high-frequency probes 
has created increased resolution and has allowed 
for transrectal ultrasound to become the standard 
for diagnosis of prostatic disease (Fig.  1.2a–c ).  

 In 1974, Holm and Northeved introduced a 
transurethral ultrasonic device that would be 
 interchangeable with conventional optics during 
cystoscopy for the purpose of imaging the pros-
tate and bladder. Their    goals for this device 
included the ability to determine the depth of 
bladder tumor penetration, prostatic volume, 
 prostatic tumor progression, and to assist with 
transurethral resection of prostate  [  47  ] .  
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   Kidney 

 In 1971, Goldberg and Pollack, frustrated with 
the inability of IVP to differentiate benign from 
malignant lesions, turned to A-mode ultrasound. 
In their report on “nephrosonography,” they 
demonstrated in a series of 150 patients the 
capability of ultrasound to discern solid, cystic, 

and complex masses with an accuracy of 96%. 
The diagrammatic representation of the three 
ultrasound patterns they found is depicted in 
Fig.  1.3  above  [  48  ] . In cystic lesions, the  fi rst 
spike represents the striking of the front wall of 
the cyst, and the second spike represents the 
striking of the back wall. More complex lesions, 
therefore have return of more spikes.   

  Fig. 1.2    ( a ) Watanabe’s chair, ( b ) display of patient with 
BPH, ( c ) display of prostate cancer. This material is repro-
duced with permission of John Wiley & Sons, Inc. Watanabe 

H, et al. Development and application of new equipment for 
transrectal ultrasonography. J Clin Ultrasound. 1974; 2(2): 
p. 91–8. Copyright 1957 John Wiley & Sons, Inc       

  Fig. 1.3    RCC. Reprinted from The Journal of Urology, 2, Barry B. Goldberg, Howard M. Pollack, T Differentiation of 
renal masses using a-mode ultrasound, 2002, with permission from Elsevier       
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   Scrotum 

 Perri et al. were the  fi rst to use Doppler as a sonic 
“stethoscope” in their workup of patients with an 
acute scrotum. While they were able to identify 
patients with epididymitis and torsion of the 
appendix testis as having increased  fl ow, and 
patients with spermatic cord torsion as having no 
blood  fl ow, they also reported that false negatives 
in cases of torsion could result from increased 
 fl ow secondary to reactive hyperemia  [  49,   50  ] .   

   Further Advancements 

 Watanabe et al. demonstrated that Doppler could 
be used to identify the renal arteries in a noninva-
sive way in 1976  [  51  ] , and 5 years afterward, 
Greene et al. documented that Doppler could 
adequately differentiate stenotic from normal 
renal arteries  [  52  ] . In 1982, Arima et al. used 
Doppler to differentiate acute from chronic rejec-
tion in renal transplant patients, noting that acute 
rejection is characterized by the disappearance of 
diastolic phase, with reappearance being indica-
tive of recovery from rejection. The authors con-
cluded that Doppler could guide the management 
of rejection as an index for steroid therapy  [  53  ] . 

 In the early 1990s, a number of authors inves-
tigated the therapeutic uses of high-intensity 
focused ultrasound, or HIFU. Following prior 
reports of histologic changes following HIFU 
 [  54  ] , Madersbacher et al. were the  fi rst to report 
the safety and ef fi cacy of HIFU in symptomatic 
BPH patients  [  55  ] . Its utilities in the treatments 
of testicular cancer  [  56  ] , early prostate cancer 
 [  57  ] , recurrent prostate cancer  [  58  ] , and renal cell 
cancer (transcutaneously  [  59  ]  and laparoscopi-
cally  [  60  ] ) were soon explored as well. 

 The  fi eld of urology continues to demand and 
discover novel uses for ultrasound technology. 
Chen et al. used transrectal ultrasound guidance 
to inject botulinum toxin into the external urethral 
sphincters of a series of patients with detrusor 
external sphincter dyssynergia  [  61  ] . Ozawa et al. 
used perineal ultrasound videourodynamics to 
accurately diagnose bladder outlet obstruction in 
a new, noninvasive method  [  62  ] . The possibilities 

for the application of ultrasound in diagnosing or 
treating urologic patients remain endless.  

   Conclusion 

 Ultrasound is a cost-effective, accurate, easy to 
use, and nearly ubiquitous diagnostic tool that 
produces meaningful results instantly. As a stan-
dard in the urologist’s of fi ce armamentarium, it 
can be applied to the work-up of pathology of the 
genitalia, pelvic  fl oor, bladder, prostate, and kid-
neys. Speci fi c uses within each organ system will 
be detailed throughout this book. 

 The history of ultrasound is quite extensive 
and has involved a number of groundbreaking 
discoveries and new applications of basic physi-
cal principles. This homage to the innovators of 
the past serves both to recognize prior achieve-
ments and to acknowledge that future work in the 
development of new applications for ultrasound 
will always be needed.      
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         Introduction    

 The use of ultrasound is fundamental to the prac-
tice of urology. In order for urologists to best use 
this technology on behalf of their patients, they 
must have a thorough understanding of the physi-
cal principles of ultrasound. Understanding how 
to tune the equipment and to manipulate the 
transducer to achieve the best-quality image is 
crucial to the effective use of ultrasound. The 
technical skills required to perform and interpret 
urologic ultrasound represent a combination of 
practical scanning ability and knowledge of the 
underlying disease processes of the organs being 
imaged. Urologists must understand how ultra-
sound affects biological tissues in order to use 
this modality safely and appropriately. When the 
physical principles of ultrasound are fully under-
stood, urologists will recognize both the advan-
tages and limitations of ultrasound.  

   The Mechanics of Ultrasound Waves 

 The image produced by ultrasound is the result of 
the interaction of mechanical ultrasound waves 
with biologic tissues and materials. Because ultra-
sound waves are transmitted at frequent intervals 

and the re fl ected waves received by the transducer, 
the images can be reconstructed and refreshed rap-
idly, providing a real-time image of the organs 
being evaluated. Ultrasound waves are  mechani-
cal waves  which require a physical medium (such 
as tissue or  fl uid) to be transmitted. Medical ultra-
sound imaging utilizes frequencies in the one mil-
lion cycles per second (or MHz) range. Most 
transducers used in urology vary from 2.5 to 
18 MHz, depending on the application. 

 Ultrasound waves are created by applying 
 alternating current to piezoelectric crystals within 
the transducer. Alternating expansion and contrac-
tion of the piezoelectric crystals creates a mechan-
ical wave which is transmitted through a coupling 
medium (usually gel) to the skin and then into the 
body. The waves that are produced are  longitudi-
nal waves . This means that the particle motion is 
in the same direction as the propagation of the 
wave (Fig.  2.1 ). This longitudinal wave produces 
areas of rarefaction and compression of tissue in 
the direction of travel of the ultrasound wave.  

 The compression and rarefaction of mole-
cules is represented graphically as a sine wave 
alternating between a positive and negative 
de fl ection from the baseline. A  wavelength  is 
described as the distance between one peak of 
the wave and the next peak. One complete path 
traveled by the wave is called a  cycle . One cycle 
per second is known as 1 Hz (Hertz). The  ampli-
tude  of a wave is the maximal excursion in the 
positive or negative direction from the baseline, 
and the  period  is the time it takes for one com-
plete cycle of the wave (Fig.  2.2 ).  
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 The velocity with which a sound wave travels 
through tissue is a product of its frequency and its 
wavelength. The velocity of sound in tissues is 
constant. Therefore, as the frequency of the sound 
wave changes, the wavelength must also change. 
The average velocity of sound in human tissues is 
1,540 m/s. Wavelength and frequency vary in an 
inverse relationship. Velocity equals frequency 
times wavelength (Fig.  2.3 ). As the frequency 
diminishes from 10 to 1 MHz the wavelength 
increases from 0.15 to 1.5 mm. This has impor-
tant consequences for the choice of transducer 
depending on the indication for imaging.   

   Ultrasound Image Generation 

 The image produced by an ultrasound machine 
begins with the transducer.  Transducer  comes 
from the Latin  transducere , which means to con-
vert. In this case, electrical impulses are con-
verted to mechanical sound waves via the 
 piezoelectric effect  .  

 In ultrasound imaging the transducer has a dual 
function as a sender and a receiver. Sound waves 
are transmitted into the body where they are at 
least partially re fl ected. The piezoelectric effect 
occurs when alternating current is applied to a 
crystal containing dipoles  [  1  ] . Areas of charge 
within a piezoelectric element are distributed in 
patterns which yield a “net” positive and negative 
orientation. When alternating charge is applied to 
the two element faces, a relative contraction or 
elongation of the charged areas occurs resulting in 
a mechanical expansion and then a contraction of 
the element. This results in a mechanical wave 
which is transmitted to the patient (Fig.  2.4 ).  

 Re fl ected mechanical sound waves are 
received by the transducer and converted back 
into electrical energy via the piezoelectric effect. 
The electrical energy is interpreted within the 
ultrasound instrument to generate an image which 
is displayed upon the screen. 

 For most modes of ultrasound, the transducer 
emits a limited number of wave cycles (usually two 
to four) called a pulse. The frequency of the two 
to four waves within each cycle is usually in the 
2.5–14 MHz range. The transducer is then “silent” 
as it awaits the return of the re fl ected waves from 
within the body (Fig.  2.5 ). The transducer serves as 
a receiver more than 99 % of the time.  

 Pulses are sent out at regular intervals usually 
between 1–10 kHz which is known as the  pulse 
repetition frequency   (  PRF  ) . By timing the pulse 
from transmission to reception it is possible to 

  Fig. 2.1    Longitudinal 
waves. The expansion and 
contraction of piezoelectric 
crystals caused by the 
application of alternating 
current to the crystals 
causes compression and 
rarefaction of molecules in 
the body       

  Fig. 2.2    Characteristics of a sound wave: the amplitude 
of the wave is a function of the acoustical power used to 
generate the mechanical compression wave and the 
medium through which it is transmitted       

  Fig. 2.3    Since the velocity of sound in tissue is a con-
stant, the frequency and wavelength of sound must vary 
inversely       
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calculate the distance from the transducer to the 
object re fl ecting the wave. This is known as 
 ultrasound ranging  (Fig.  2.6 ). This sequence is 
known as  pulsed  -  wave ultrasound .  

 The amplitude of the returning waves deter-
mines the brightness of the pixel assigned to the 
re fl ector in an ultrasound image. The greater the 
amplitude of the returning wave, the brighter the 
pixel assigned. Thus, an ultrasound unit produces 
an “image” by  fi rst causing a transducer to emit a 
series of ultrasound waves at speci fi c frequencies 
and intervals and then interpreting the returning 
echoes for duration of transit and amplitude. This 
“image” is rapidly refreshed on a monitor to give 
the impression of continuous motion. Frame 
refresh rates are typically 12–30 per second. The 
sequence of events depicted in Fig.  2.7  is the 

basis for all “scanned” modes of ultrasound 
including the familiar gray-scale ultrasound.   

   Interaction of Ultrasound 
with Biological Tissue 

 As ultrasound waves are transmitted through 
human tissue they are altered in a variety of ways 
including loss of energy, change of direction, and 
change of frequency. An understanding of these 
interactions is necessary to maximize image qual-
ity and correctly interpret the resultant images. 

  Attenuation  refers to a loss of kinetic 
energy as a sound wave interacts with tissues 
and  fl uids within the body  [  2  ] . Speci fi c tissues 
have different potentials for attenuation. For 

  Fig. 2.4    Piezoelectric effect. Areas of “net” charge within a crystal expand or contract when current is applied to the 
surface, creating a mechanical wave. When the returning wave strikes the crystal, an electrical current is generated       

  Fig. 2.5    The pulsed-wave 
ultrasound mode depends 
on an emitted pulse of 2–4 
wave cycles followed by a 
period of “silence” as the 
transducer awaits the 
return of the emitted pulse       
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example, water has an attenuation of 0.0 
whereas kidney has an attenuation of 1.0 and 
muscle an attenuation of 3.3 Therefore, sound 
waves are much more rapidly attenuated as 
they pass through muscle than as they pass 
through water (Fig.  2.8 ). (Attenuation is mea-
sured in dB/cm/MHz.)  

 The three most important mechanisms of 
attenuation are absorption, re fl ection, and scatter-
ing. Absorption occurs when the mechanical 
kinetic energy of a sound wave is converted to 
heat within the tissue. Absorption is dependent 

on the frequency of the sound wave and the 
 characteristics of the attenuating tissue. Higher 
frequency waves are more  rapidly attenuated by 
absorption than lower frequency waves. 

 Since sound waves are progressively attenu-
ated with distance traveled, deep structures in the 
body (e.g., kidney) are more dif fi cult to image. 
Compensation for loss of acoustic energy by 
attenuation can be accomplished by the appropri-
ate use of gain settings (increasing the sensitivity 
of the transducer to returning sound waves) and 
selection of a lower frequency. 

  Fig. 2.6    Ultrasound 
ranging depends on 
assumptions about the 
average velocity of 
ultrasound in human tissue 
to locate re fl ectors in the 
ultrasound  fi eld. The 
elapsed time from pulse 
transmission to reception 
of the same pulse by the 
transducer allows for 
determining the location 
of a re fl ector in the 
ultrasound  fi eld       

  Fig. 2.7    Schematic 
depiction of the sequence 
of image production by an 
ultrasound device       
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 Refraction occurs when a sound wave 
encounters an interface between two tissues at 
any angle other than 90°. When the wave strikes 
the interface at an angle, a portion of the wave is 
re fl ected and a portion transmitted into the adja-
cent media. The direction of the transmitted 
wave is altered (refracted). This results in a loss 
of some information because the wave is not 
completely re fl ected back to the transducer, but 
also causes potential errors in registration of 
object location because of the refraction (change 
in direction) of the wave. The optimum angle of 
insonation to minimize attenuation by refraction 
is 90° (Fig.  2.9 ).  

 Re fl ection occurs when sound waves strike an 
object or an interface between unlike tissues or 
structures. If the object has a relatively large  fl at 
surface, it is called a  specular re fl ector , and sound 
waves are re fl ected in a predictable way based on 
the angle of insonation. If a re fl ector is small or 
irregular, it is called a  diffuse re fl ector . Diffuse 
re fl ectors produce scattering in a pattern which 
produces interference with waves from adjacent 
diffuse re fl ectors. The resulting pattern is called 
“speckle” and is characteristic of solid organs 
such as the testes and liver (Fig.  2.10 ).  

 When a sound wave travels from one tissue to 
another, a certain amount of energy is re fl ected at 

the interface between the tissues. The percentage 
of energy re fl ected is a function of the difference 
in the  impedance  of the tissues. Impedance is a 
property of tissue related to its “stiffness” and the 
speed at which sound travels through the tissue 
 [  3  ] . If two adjacent tissues have a small differ-
ence in tissue impedance, very little energy will 

  Fig. 2.8    Attenuation of tissue (Adapted from Diagnostic 
Ultrasound, Third Ed., Vol 1). The attenuation of a tissue 
is a measure of how the energy of an ultrasound wave is 

dissipated by that tissue. The higher the attenuation value 
of a tissue, the more the sound wave is attenuated by pass-
ing through that tissue       

  Fig. 2.9    A wave which strikes the interface between two 
tissues of differing impedance is usually partially re fl ected 
and partially transmitted with refraction. A portion of the 
wave is re fl ected (  q R ) at an angle equal to the angle of 
insonation (  q i ); a portion of the wave is transmitted at a 
refracted (  q t ) angle into the second tissue       
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be re fl ected. The impedance difference between 
kidney (1.63) and liver (1.64) is very small so 
that if these tissues are immediately adjacent, it 
may be dif fi cult to distinguish the interface 
between the two by ultrasound (Table  2.1 ).  

 Fat has a suf fi cient impedance difference from 
both kidney and liver that the borders of the two 
organs can be distinguished from the intervening 
fat (Fig.  2.11 ).  

 If the impedance differences between tissues 
are very high, complete re fl ection of sound waves 
may occur, resulting in acoustic shadowing 
(Fig.  2.12 ).  

   Artifacts 

 Sound waves are emitted from the transducer 
with a known amplitude, direction, and frequency. 

Interactions with tissues in the body result in 
alterations of these parameters. Returning sound 
waves are presumed to have undergone altera-
tions according to the expected physical princi-
ples such as attenuation with distance and 
frequency shift based on the velocity and direc-
tion of objects they encountered. The timing of 
the returning echoes is based on the expected 
velocity of sound in human tissue. When these 
expectations are not met, it may lead to image 
representations and measurements which do not 
re fl ect actual physical conditions. These misrep-
resentations are known as “artifacts.” Artifacts, if 
correctly identi fi ed, can be used to aid in 
diagnosis. 

  Increased through transmission  occurs when 
sound waves pass through tissue with less attenua-
tion than occurs in the surrounding tissues. For exam-
ple, when sound waves pass through a  fl uid- fi lled 

  Fig. 2.10    ( a ) Demonstrates a diffuse re fl ector. In this 
image of the testis small parenchymal structures scatter 
sound waves. The pattern of interference resulting from 
this scattering provides the familiar “speckled” pattern of 
testicular echo architecture. ( b ) Demonstrates a specular 

re fl ector. A specular re fl ector re fl ects sound waves at an 
angle equal to the incident angle without producing a pat-
tern of interference caused by scattering. In this image of 
the kidney the capsule of the kidney serves as a specular 
re fl ector       

   Table 2.1    Impedance of tissue (Adapted from Diagnostic Ultrasound, 3rd Ed, Vol. 1)   

 Tissue  Density (kg/m 3 )  Impedance (Rayles) 

 Air and other gases        1.2  0.0004 
 Fat tissue    952  1.38 
 Water and other clear liquids  1,000  1.48 
 Kidney (average of soft tissue)  1,060  1.63 
 Liver  1,060  1.64 
 Muscle  1,080  1.70 
 Bone and other calci fi ed objects  1,912  7.8 

  Impedance ( Z ) is a product of tissue density ( p ) and the velocity of that tissue ( c ). Impedance 
is de fi ned by the formula:  Z  (Rayles) =  p  (kg/m 3 ) ×  c  (m/s)  
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structure such as a renal cyst, the waves experience 
relatively little attenuation compared to that expe-
rienced in the surrounding renal parenchyma. Thus 
when the waves reach the posterior wall of the cyst 
and the renal tissue beyond it, they are more ener-
getic (have greater amplitude) than the adjacent 
waves. The returning echoes have signi fi cantly 
greater amplitude than waves returning through 
the renal parenchyma from the same region of the 

kidney. Therefore, the pixels associated with the 
region distal to the cyst are assigned a greater 
“brightness.” The tissue appears hyperechoic com-
pared to the adjacent renal tissue even though it is 
histologically identical (Fig.  2.13 ). This artifact can 
be overcome by changing the angle of insonation 
or adjusting the time-gain compensation settings.  

  Acoustic shadowing  occurs when there is 
signi fi cant attenuation of sound waves at a tis-
sue interface causing loss of information about 
other structures distal to that interface. This 
attenuation may occur on the basis of re fl ection 
or absorption, resulting in an “anechoic” or 
“hypoechoic” shadow. The signi fi cant attenua-
tion or loss of the returning echoes from tissues 
distal to the interface may lead to incorrect con-
clusions about tissue in that region. For instance, 
when sound waves strike the interface between 
testicular tissue and a testicular calci fi cation, 
there is a large impedance difference and 
signi fi cant attenuation and re fl ection occur. 
Information about the region distal to the inter-
face is therefore lost or severely diminished 
(Fig.  2.14 ). Thus, in some cases spherical objects 
may appear as crescenteric objects, and it may 
be dif fi cult to obtain accurate measurements of 
such three-dimensional objects. Furthermore, 
 fi ne detail in the region of the acoustic shadow 
may be obscured. The problems with acoustic 

  Fig. 2.11    Image ( a ) demonstrates that when kidney and 
liver are directly adjacent to each other, it is dif fi cult to 
appreciate the boundary (arrow) between the capsules of 
the kidney and liver. Image ( b ) demonstrates that when 

fat (which has a signi fi cantly lower impedance) is inter-
posed, it is far easier to appreciate the boundary between 
liver capsule (arrow) and fat       

  Fig. 2.12    In the urinary bladder, re fl ection of sound 
waves as the result of large impedance differences between 
urine and the bladder calculus ( thin arrow ). Acoustic 
shadowing results from nearly complete re fl ection of 
sound waves ( arrows )       
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shadowing are most appropriately overcome by 
changing the angle of insonation.  

  Edging artifact  occurs when sound waves 
strike a curved surface or an interface at a critical 
angle. A  critical angle  of insonation is one 
which results in propagation of the sound wave 
along the interface without signi fi cant re fl ection 
of the wave to the transducer. Thus, information 
distal to the interface is lost or severely dimin-
ished. This very common artifact in urology 
must be recognized and can, at times, be helpful. 
It is seen in many clinical situations but very 

commonly seen when imaging the testis. Edging 
artifacts often occur at the upper and lower pole 
of the testis as the sound waves strike the rounded 
testicular poles at the critical angle. This artifact 
may help differentiate between the head of the 
epididymis and the upper pole of the testis. The 
edging artifact is also prominently seen on 
 transrectal ultrasound where the two rounded 
lobes of the prostate come together in the mid-
line. This produces an artifact that appears to 
arise in the vicinity of the urethra and extend 
distally. Edging artifact may be seen in any situ-
ation where the incident wave strikes an inter-
face at the critical angle (Fig.  2.15 ). Edging 
artifact may be overcome by changing the angle 
of insonation.  

 A  reverberation artifact  results when an 
ultrasound wave bounces back and forth 
 (reverberates) between two or more re fl ective 
interfaces. When the sound wave strikes a 
re fl ector and returns to the transducer, an object 
is registered at that location. With the second 
transit of the sound wave the ultrasound equip-
ment interprets a second object that is twice as 
far away as the  fi rst. There is ongoing attenua-
tion of the sound wave with each successive 
reverberation resulting in a slightly less intense 
image displayed on the screen. Therefore, 
echoes are produced which are spaced at equal 
intervals from the transducer but are progres-
sively less intense (Fig.  2.16 ).  

  Fig. 2.13    Increased 
through transmission with 
hyperechogenicity ( arrow ) 
as the result of decreased 
attenuation by the 
 fl uid- fi lled cyst. This is an 
example of artifactual 
misrepresentation of tissue 
characteristics and must be 
recognized to avoid 
incorrect clinical 
conclusions       

  Fig. 2.14    Acoustic shadowing occurs distal to a 
calci fi cation in the testis ( large arrows ). Information 
about testicular parenchymal architecture distal to the area 
of calci fi cation is lost       
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 The reverberation artifact can also be seen in 
cases where the incident sound wave strikes a 
series of smaller re fl ective objects (such as the 
gas– fl uid mixture in the small bowel) which 
results in multiple re fl ected sound waves of vari-
ous angles and intensity (Fig.  2.17 ).  

 This familiar artifact may obscure important 
anatomic information and is frequently encoun-
tered during renal ultrasound. It may be over-
come by changing the transducer location and 
the angle of insonation.   

   Modes of Ultrasound 

   Gray-Scale, B-Mode Ultrasound 

 Gray   -scale, B-mode ultrasound (brightness 
mode) is the image produced by a transducer 
which sends out ultrasound waves in a care-
fully timed, sequential way (pulsed wave). The 
re fl ected waves are received by the transducer 
and interpreted for distance and amplitude. 
Time of travel is re fl ected by position on the 
image monitor and intensity by “brightness” of 
the corresponding pixel. Each sequential line-
of-sight echo is displayed side by side and the 
entire image refreshed at 15–40 frames/s. This 
results in the illusion of continuous motion or 
“real-time” scanning. The intensity of the 
re fl ected sound waves may vary by a factor of 
10 12  or 120 dB. Although the transducer can 
respond to such extreme variations in intensity, 
most monitors or displays have an effective 
range of only 10 6  or 60 dB. Each of 512 × 512 
or 512 × 640 pixels may display 2 8  or 256 
shades of gray  [  3  ] . Most ultrasound units 
 internally process and compress ultrasound 
data to allow it to be displayed on a standard 
monitor. Evaluation of gray-scale imaging 
requires the ability to recognize the normal pat-
terns of echogenicity from anatomic structures. 

  Fig. 2.15       Edging artifact (arrows) seen in this transverse 
image of the prostate is the result of re fl ection of the sound 
wave along the curved lateral surface of the transition 

zone ( a ). Edging artifact (arrows) caused by the rounded 
upper pole of the kidney ( b )       

  Fig. 2.16    A reverberation artifact occurs when a sound 
wave is repeatedly re fl ected between re fl ective surfaces. 
The resultant echo pattern is a collection of hyperechoic 
artifactual re fl ections distal to the structure with progres-
sive attenuation of the sound wave       
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Variations from these expected patterns of 
echogenicity indicate disorders of anatomy or 
physiology or may represent artifacts.  

   Doppler Ultrasound 

 The Doppler ultrasound mode depends on the 
physical principle of frequency shift when sound 
waves strike a moving object. The basic principle 
of Doppler ultrasound is that sound waves of a 
certain frequency will be shifted or changed 
based on the direction and velocity of the moving 
object as well as the angle of insonation. This 
phenomenon allows for the characterization of 
motion, most commonly the motion of blood 
through vessels, but may also be useful for detect-
ing the  fl ow of urine. 

 The Doppler Effect is a shift in the fre-
quency of the transmitted sound wave based on 
the velocity of the re fl ecting object that it 
strikes. If the re fl ecting object is stationary 
relative to the transducer, then the returning 
frequency will be equal to the transmitted fre-
quency. However, if the echo-generating object 
is traveling toward the transducer, the returning 

frequency will be higher than the transmitted 
frequency. If the object generating the echo is 
traveling away from the transducer, then the 
re fl ected frequency will be lower than the trans-
mitted frequency. This is known as the frequency 
shift, or Doppler shift (Fig.  2.18 ).  

  Fig. 2.17    ( a ) Reverberation artifact produced when 
sound waves strike a mixture of  fl uid and gas in the bowel. 
( b ) This type of reverberation (multipath artifact) is char-

acterized by hyperechoic areas ( open arrow ) and distal 
attenuation of the incident wave ( closed arrows )       

  Fig. 2.18    Dopper effect. FT is the transmitted frequency. 
When the FT strikes a stationary object, the returning fre-
quency FR is equal to the FT. When the FT strikes a mov-
ing object, the FR is “shifted” to a higher or lower 
frequency       
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 The frequency shift of the transmitted wave is 
also dependent on the angle of the transducer rela-
tive to the object in motion. The maximum Doppler 
frequency shift occurs when the transducer is ori-
ented directly on the axis of motion of the object 
being insonated. That is, when the transducer is ori-
ented parallel (angle   q   = 0°) to the direction of 
motion, the shift is maximal. Conversely, when the 
transducer face is oriented perpendicular to the 
direction of motion (angle   q   = 90°), there will be no 
shift in Doppler frequency detected (Fig.  2.19 ).  

 An accurate calculation of velocity of  fl ow 
depends on the angle   q   between the transducer 
and the axis of motion of the object being 
insonated (Fig.  2.20 ).  

  Color Doppler  ultrasonography allows for an 
evaluation of the velocity and direction of an 
object in motion. A color map may be applied to 
the direction. The most common color map uses 
blue for motion away from the transducer and red 
for motion toward the transducer (Fig.  2.21 ).  

 The velocity of motion is designated by the 
intensity of the color. The greater the velocity of 
the motion, the brighter is the color displayed. 
Color Doppler may be used to characterize blood 
 fl ow in the kidney, testis, penis, and prostate. It 
also may be useful in the detection of “jets” of 
urine emerging from the ureteral ori fi ces. An 
accurate representation of  fl ow characteristics 
requires attention to transducer orientation rela-
tive to the object in motion. Therefore, in most 

clinical circumstances the angle between the 
transducer and the direction of motion should be 
less than or equal to 60° (Fig.  2.22 ).  

 When it is not possible to achieve an angle of 
60° or less by manipulation of the transducer, the 
beam may be “steered” electronically to help cre-
ate the desired angle   q   (Fig.  2.23 ).  

  Power Doppler  ultrasonography is a mode 
which assigns the amplitude of frequency change 
to a color map. This does not permit evaluation of 
velocity or direction of  fl ow but is less affected 
by backscattered waves. Power Doppler is there-
fore less angle-dependent than color Doppler and 
is more sensitive for detecting  fl ow  [  4  ] . 

 When a sound wave strikes an object within 
the body, the sound wave is altered in a variety of 
ways including changes in frequency and changes 
in amplitude (Fig.  2.24 ).  

 While color Doppler assigns the changes in 
frequency to a color map, power Doppler assigns 
changes in integrated amplitude (or power) to a 
color map. It is possible to assign low-level back-
scattered information to a color which is unobtru-
sive on the color map, thereby allowing increased 
gain without interference from this backscattered 
information (Fig.  2.25 ). Power Doppler may be 
more sensitive than color Doppler for the detec-
tion of diminished  fl ow  [  4  ] .  

  Fig. 2.19    ( A ) Maximum frequency shifts are detected 
when the transducer axis is parallel to the direction of 
motion. ( B ) No frequency shift is detected when the trans-
ducer axis is perpendicular to the direction of motion       

  Fig. 2.20    Angle of insonation. The calculated velocity of 
an object using Doppler shift is dependent on the trans-
ducer angle (  q  ). If the transducer axis is perpendicular to 
the direction of  fl ow (90°), then the    cosine of   q   is 0. Based 
on this formula for Doppler shift ( D  F ), the detected fre-
quency change would be 0. Adapted from Radiographics 
1991;11:109–119       
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 The integrated amplitude (power) of the 
Doppler signal is signi fi ed by the brightness of 
the color. Because frequency shift is not dis-
played in standard power Doppler, the direction 
and velocity of  fl ow are not indicated. 

  Color Doppler with spectral display  is a 
mode which allows the simultaneous display of a 
color Doppler image and representation of  fl ow 
as a wave form within a discrete area of interro-
gation. This mode is commonly used to evaluate 
the pattern and velocity of blood  fl ow in the kid-
ney and testis (Fig.  2.26 ).  

 The  spectral waveform  provides information 
about peripheral vascular resistance in the  tissues. 

The most commonly used index of these 
 velocities is the resistive index (Fig.  2.27 ).  

 The resistive index may be helpful in character-
izing a number of clinical conditions including 
renal artery stenosis and ureteral obstruction. Since 
the velocity is represented on a scaler axis, it is nec-
essary to set appropriate scaler limits to prevent 
artifacts. Therefore, it is necessary to know the 
expected velocity within vessels pertinent to uro-
logic practice (Table  2.2 ). The clinical use of resis-
tive index is described in subsequent chapters.   

   Artifacts Associated with Doppler 
Ultrasound 

 The  twinkle artifact  is produced when a sound 
wave encounters an interface which produces 
an energetic re fl ection of the sound wave. In 
ultrasound modes such as power and color 
Doppler, this can cause a distortion in the 
returning sound wave that gives the appearance 
of motion distal to that interface. The resulting 
Doppler signal appears as a trailing acoustic 
“shadow” of varying intensity and direction 
known as twinkle artifact. Although this arti-
fact may be seen in a variety of clinical circum-
stances (e.g., twinkle artifact produced by the 

  Fig. 2.21    In this image of the radial artery, blood is 
 fl owing through the curved vessel from ( A ) to ( C ). Flow 
toward the transducer ( A ) is depicted in  red . Flow in the 
middle of the vessel ( B ) is perpendicular to the transducer 

axis and produces no Doppler shift; thus, no color is 
assigned even though the velocity and intensity of  fl ow are 
uniform through the vessel. Flow away from the trans-
ducer ( C ) is depicted in  blue        

  Fig. 2.22    The transducer angle should be  £ 60° relative 
to the axis of  fl uid motion to allow a more accurate calcu-
lation of velocity of  fl ow       
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interaction of an ultrasound wave with a Foley 
catheter  balloon in the bladder), it is most often 
helpful  clinically in evaluating hyperechoic 
objects in the kidney. Stones often have a twinkle 

artifact (Fig.  2.28 ) whereas arcuate vessels and 
other hyperechoic structures in the kidney usu-
ally do not. Not all calci fi cations display the 
twinkle artifact. Calci fi cations of the renal 
artery and calci fi cations within tumors and 
cysts may also produce the twinkle artifact  [  8  ] .  

  Aliasing  is an artifact which occurs when the 
ultrasound interrogation (determined by PRF) of 
an event occurs at a frequency which is insuf fi cient 
to accurately represent the event. When interro-
gation occurs at infrequent intervals, only por-
tions of the actual event are depicted. Aliasing 
occurs when the interrogation frequency is less 
than twice the shifted Doppler frequency 
(Fig.  2.29 ).  

 Normal laminar unidirectional blood  fl ow is 
depicted as a single color on color Doppler. 
Spectral Doppler shows a complete waveform 
(Fig.  2.30 ). During color Doppler scanning, 

  Fig. 2.23    Beam steering. In image ( A ) the angle of 
insonation is 75° ( yellow circle ) which is unfavorable for 
accurate velocity calculations. This is because the axis of 
the transducer is perpendicular to the vessel. In image ( B ) 

the beam has been “steered” to produce an angle of 55° 
( yellow circle ) without changing the physical position of 
the transducer. The resultant velocity calculation is more 
accurate at 55°       

  Fig. 2.24    Backscatter is de fi ned as a combination of 
changes in frequency and amplitude which occur in the 
re fl ected sound wave of a primary frequency       
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 aliasing is most commonly seen as apparent tur-
bulence and change in direction of blood  fl ow 
within a vessel. During spectral Doppler scan-

ning the aliasing phenomenon is seen as trunca-
tion of the systolic velocity peak with projection 
of the peak below the baseline (Fig.  2.31 ).   

  Fig. 2.25    ( a ) For power Doppler the intensity of color is 
related to changes in amplitude (power) rather than 
changes in frequency. ( b ) In this sagittal image of the 
kidney, power Doppler blood  fl ow is demonstrated. Note 

that the color map depicted to the upper right does not 
have a scale since quantitative measurement of velocity is 
not displayed with standard power Doppler       

  Fig. 2.26    In this example, the radial artery is shown in 
real-time gray-scale ultrasound with color Doppler overlay. 
The interrogation box or gate ( A ) is positioned over the ves-
sel of interest. The gate should be positioned and sized to 

cover about 75 % of the lumen of the vessel. The angle of 
insonation is indicated by marking the orientation of the 
vessel with a cursor ( B ). The velocity of the  fl ow within the 
vessel is depicted quantitatively in the spectral display ( C )       
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 This artifact can be overcome by decreasing the 
frequency of the incident sound wave, increasing 
the angle of insonation (  q  ), or increasing the PRF.   

   Harmonic Scanning 

 Harmonic scanning makes use of aberrations 
related to the nonlinear propagation of sound 
waves within tissue. These asymmetrically prop-
agated waves generate fewer harmonics but those 
which are generated have greater amplitudes 
(Fig.  2.32 ).  

 Since these harmonics are less subject to 
scattering associated with the incident wave, 
there is less noise associated with the signal. By 
selectively displaying the harmonic frequencies 
which are produced within the body and 
re fl ected to the transducer, it is possible to pro-

duce an image with less artifact and greater 
resolution. 

  Spatial compounding  is a scanning mode 
whereby the direction of insonation is sequen-
tially altered electronically to produce a compos-
ite image. This technique reduces the amount of 
artifact and noise producing a scan of better clar-
ity  [  9  ]  (Fig.  2.33 ).  

  Three  -  dimensional   (  3  -  D  )  scanning produces 
a series of images (data set) which can then be 
manipulated to generate additional views of the 

  Fig. 2.27    The resistive index (RI) is the peak systolic velocity ( A ) minus the end-diastolic velocity ( B ) over the peak 
systolic velocity ( A )       

  Fig. 2.28    Twinkle artifact. The effect produced by the 
interaction of sound waves at an interface with high 
impedance differences (in this case a renal calculus) which 
produces an artifact suggesting turbulent motion ( large 
arrows )       

   Table 2.2    Expected velocity in urologic vessels   

 Vessel  Velocity 

 Penile artery  >35 cm/s (after vasodilators)  [  5  ]  
 Renal artery  <100 cm/s  [  6  ]  
 Scrotal capsular artery  5–14 cm/s  [  7  ]  

  The measured velocity will depend on a variety of physi-
ologic and anatomic variants  
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anatomy in question (Fig.  2.34 ). 3-D rendering 
may be important in procedural planning and 
precise volumetric assessments  [  10  ] . 3-D scan-
ning may allow the recognition of some tissue 
patterns which would otherwise be inapparent on 
two-dimensional scanning  [  11  ] .   

   Contrast Agents in Ultrasound 

 Intravenous compounds containing microbubbles 
have been used for enhancing the echogenicity of 
blood and tissue. Microbubbles are distributed in 

  Fig. 2.29    Aliasing. In this illustration where a sine wave 
is the real-time event and the vertical  arrows  in the  top  
panel represent the frequency of interrogation, we see 
that frequent interrogation produces an accurate repre-
sentation of the event. An accurate depiction of an ultra-
sound event must meet the condition: fs  ³  2b, where fs is 

the sampling frequency and 2b is the highest frequency 
in the event. This is known as the Nyquist limit. Less 
 frequent sampling (on the right) results in an incorrect 
interpretation of the event. (Diagram adapted from 
Diagnostic Ultrasound, 3rd Ed., Figs. 1–40, p. 33)       

  Fig. 2.30    Spectral Doppler. (a) Blood  fl ow appears unidirectional on color mapping in this color Doppler image with 
spectral  fl ow analysis. (b) The waveform is accurately depicted on spectral analysis       
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  Fig. 2.31    In this color Doppler ultrasound with spectral 
 fl ow, aliasing is demonstrated by apparent changes in 
velocity and direction on the color map assigned to the 

vessel ( a ). Aliasing of the spectral waveform is seen as 
truncation of the peak systolic velocity ( b ) with projection 
of the peak below the baseline ( c )       

  Fig. 2.32    Nonlinear propagation of sound waves in tissue 
results in fewer but more energetic harmonics which may 
be selectively evaluated in the returning echo       

  Fig. 2.33    Spatial compounding results in a composite 
image by combining data from multiple scanning angles 
produced by automated beam steering. The resulting 
image is more detailed with less artifact       
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the vascular system and create strong echoes with 
harmonics when struck by sound waves. The bub-
bles themselves are rapidly degraded by the inter-
action with the sound waves. Machine settings 
producing a low mechanical index (see Chap.   4    ) 
are desirable to reduce destruction of the microbub-
bles. Contrast agents may be useful in prostatic 
ultrasound by enhancing the ability to recognize 
areas of increased vascularity  [  12  ] . The use of 
intravenous ultrasound contrast agents is consid-
ered investigational but has shown promise in a 
number of urologic scanning situations. The abil-
ity to demonstrate vascular enhancement without 
exposure to potential toxic contrast agents or ion-
izing radiation makes contrast-enhanced ultra-
sound a promising urologic imaging modality.      
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 Urologists who perform and interpret ultrasound 
in their of fi ce must have a thorough knowledge of 
the potential bioeffects of ultrasound in human 
tissues and how to maintain the ultrasound equip-
ment to protect patient safety. Diagnostic ultra-
sound transmits energy into the patient which has 
the potential to produce biological effects. The 
maximum output of ultrasound energy by ultra-
sound devices is regulated by the US Food and 
Drug Administration (FDA)  [  1  ] . In general, these 
regulations allow enough energy to accomplish 
diagnostic goals but prescribe a margin of safety. 
The total energy imparted during an ultrasound 
examination is controlled by the operator through 
(1) acoustic output, (2) selection of frequency, (3) 
mode of ultrasound, (4) technique, and (5) dura-
tion of the examination. 

   Bioeffects of Ultrasound    

 As ultrasound waves enter biological tissues, some 
of the energy is transmitted, some is re fl ected, and 
some is dissipated as heat. The interaction of ultra-
sound with human tissue produces  thermal effects  
and  mechanical effects . 

   Thermal Effects 

 The most important thermal effect of ultrasound 
is tissue heating. Tissue heating from ultrasound 
is a result of  scattering  and  absorption , two 
mechanisms of attenuation. Absorption of ultra-
sound by tissue results in the conversion of 
mechanical acoustic energy into heat. The amount 
of heat generated is directly proportional to the 
frequency of the wave, the amplitude of the wave, 
and the duration of exposure. 

 The work performed by ultrasound as it passes 
through tissue is given in Watts ( W ) which is a 
measure of acoustic power per unit of time. The 
distribution of acoustic power over area is  inten-
sity  .  Intensity ( I ) is expressed in w/cm 2 . Intensity 
is in fl uenced by the cross-sectional area of the 
ultrasound beam. The same amount of acoustic 
power distributed in a smaller area results in 
increased intensity. The amount of heating which 
occurs in human tissue as the result of ultrasound 
exposure is directly proportional to the intensity. 
Thus, beam focusing in a speci fi c anatomic region 
will result in more heating in that area because of 
increased acoustic intensity at that location. 

 Temporal factors also in fl uence the amount of 
tissue heating. The fraction of time that the trans-
ducer is producing pulses (called the  duty factor ) 
and the total amount of time a tissue is exposed 
to the beam (called the  duration time ) in fl uences 
tissue heating. A low duty factor and a short 
duration time reduce tissue heating. In standard 
scanned modes of ultrasound (e.g., gray scale, 
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power, and color Doppler), the transducer is 
being moved at frequent intervals, reducing 
duration time and limiting imaging of speci fi c 
tissue areas. Blood  fl ow in tissues also tends to 
dissipate heat, resulting in less temperature 
increase in the tissue. 

 The type of tissue being insonated in fl uences 
tissue heating. Tissues which rapidly attenuate 
sound (i.e., tissue with high impedance, such as 
bone) experience more heating. Thus, soft tissue 
immediately adjacent to bony structures may be 
more prone to tissue heating. Soft tissue heating 
may also occur when less attenuated waves strike 
these tissues. This may occur in tissue distal to a 
 fl uid- fi lled structure such as a cyst (Fig.  3.1 ).  

 Tissue heating of up to 1°C may occur during 
diagnostic imaging at tissue/bone interfaces. 
Localized tissue heating seems to be safe up to 
about 2–5°C  [  2  ] . In most diagnostic scanning 
applications the amount of tissue heating is neg-
ligible. The bene fi cial effects of tissue heating 
are utilized in therapeutic ultrasound for joints 
and muscles. At high intensity levels (e.g., with 
high-intensity focused ultrasound (HIFU)), the 
biological effects of heating and cavitation are 
used to destroy tissue  [  3  ] . 

 Standard gray-scale imaging generates the 
least tissue heating because the pulse duration is 
short and pulse-repetition frequencies (PRFs) are 
low. Color  fl ow Doppler and power Doppler pro-
duce immediate tissue heating. Spectral Doppler 
imaging is an unscanned mode which uses longer 
pulse durations and higher PRFs (to avoid arti-
facts such as aliasing) and therefore has an 
increased potential for heating. Spectral Doppler 
also involves longer duration times as individual 

vessels are interrogated in a  fi xed scanning posi-
tion (Fig.  3.2 )  [  4  ] . Tissue heating associated with 
routine diagnostic ultrasound is not known to 
produce tissue damage or to cause denaturation 
of proteins or to have teratogenic effects as long 
as scanning times are not prolonged and acoustic 
output restrictions are observed  [  5  ] .   

   Mechanical Effects 

 Ultrasound energy generates an  acoustic  fi eld  in 
tissue. The acoustic  fi eld generates mechanical 
forces which affect tissue at the microscopic 
and macroscopic levels. Pressure exerted by the 
 fi eld creates  torque  and induces motion called 
 streaming . These forces may potentially damage 
cells or tissues and also contribute secondarily to 
tissue heating. 

 One phenomenon associated with acoustical 
 fi elds,  cavitation , deserves special attention 
since it has been shown to cause tissue damage 
in animal models  [  1  ] . Cavitation occurs when 
gas bubbles within tissue begin to  fi rst oscillate 

  Fig. 3.1    Testicular cyst. 
The tissue distal to this 
testicular cyst ( gridded 
area ) is prone to more 
tissue heating because 
sound waves passing 
through the cyst are less 
attenuated than those 
passing through adjacent 
testicular parenchyma       

  Fig. 3.2    Potential for tissue heating. Relative likelihood of 
tissue heating by mode of ultrasound is based in part on 
pulse-repetition frequency and duration of tissue exposure       
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or vibrate in response to ultrasound and then to 
collapse. This collapse causes a violent move-
ment of individual adjacent particles within the 
tissue which, in turn, causes tissue damage. This 
damage may take the form of ruptured cells and 
blood vessels or may cause chromosomal 
 (ultrastructural) damage. In addition, the heat 
generated by the rapid collapse of gas bubbles 
may result in the formation of toxic chemical 
by-products (Fig.  3.3 )  [  6  ] .  

 The detrimental mechanical effects of acous-
tic  fi elds are most likely to occur at gas/ fl uid 
interfaces. Thus cavitation effects (such as pete-
chia formation) would most likely be seen in the 
lung or bowel. The threshold for cavitation is 
approximately 1 kw/cm 2  (far higher than the 
average intensity of 100 mw/cm 2  generated by 
most clinical scanners)  [  6  ] .   

   Patient Safety 

 For most urologic applications, ultrasound pro-
duces energies in human tissues which are 
within recognized safe limits.  The single most 
important factor in minimizing potential adverse 
effects of ultrasound is the well-informed ultra-
sound operator   [  7  ] . 

 The proper selection of acoustic output, trans-
ducer frequency, and mode of ultrasound for a 
speci fi c indication will mitigate risks. Expeditious 
and ef fi cient scanning technique is critical to 

limiting overall exposure. To assist the sonogra-
pher in monitoring the bioeffects of ultrasound, 
the ultrasound community has adopted the output 
display standard (ODS)  [  8  ] . Two values are typi-
cally displayed, the  mechanical index    (MI) and 
the  thermal index   (  TI  )  (Fig.  3.4 ). These indices 
are calculated estimates of the potential for bioef-
fects of ultrasound based on the mode of ultra-
sound being used, frequency, power output, and 
time of insonation. The MI and TI are typically 
displayed on the monitor during ultrasound 
examinations and all practitioners should be 
familiar with the location. It is important to 
understand that these indices are not safety limits 
and are not direct measurements.  

   Mechanical Index 

 The MI indicates the probability that cavitation 
will occur. For tissues not containing stabilized 
gas bodies (lung and intestine), the risk of cavi-
tation is low as long as the MI is  £ 0.7. For 
structures adjacent to lung or intestine, scan-
ning time should be limited if the MI exceeds 
0.4 (Fig.  3.5 ).   

   Thermal Index 

 The TI indicates the probability that tissue 
temperature within the sonographic  fi eld will be 

  Fig. 3.3    Cavitation. ( a ) 
The oscillation and 
collapse of gas bodies (g) 
is cavitation. ( b ) The result 
of the collapse of gas 
bodies is the release of 
energy (E) and chemical 
toxins which may cause 
tissue damage       
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increased by 1°C. The precise consequences of 
tissue heating are not completely understood, but 
even tissue temperature elevations of up to 6°C 
are not likely to be dangerous unless exposure 
time exceeds 60 seconds  [  2  ] .  

   ALARA 

 In general, ultrasound performed by urologists 
has a low risk for patient harm as long as stan-
dard protocols are followed. Although tissue 

  Fig. 3.4    Mechanical and thermal index. The MI and TI 
( yellow  cycle) are calculated estimates of the potential for 
cavitation and tissue heating, based on study parameters 

and time of study. These are not direct measurements of 
either heating or pressures in the acoustical  fi eld       

  Fig. 3.5    The risk for 
cavitation is higher in 
tissues which are in 
proximity to gas-containing 
bodies such as the bowel. 
Here, bowel gas ( open 
arrow ) and the resultant 
distal acoustic shadowing 
(white arrows) obscures 
the  lower  pole of the  right  
kidney ( arrow )       
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heating may occur, there are no con fi rmed 
 biologic effects of tissue heating in non-fetal 
scanning except when they are sustained for 
extended periods. “No independently con fi rmed 
adverse effects caused by exposure from present 
diagnostic ultrasound instruments have been 
reported in human patients in the absence of con-
trast agents. Biological effects (such as localized 
pulmonary bleeding) have been reported in 
mammalian systems at diagnostically relevant 
exposures but the clinical signi fi cance of such 
effects is not yet known. Ultrasound should be 
used by quali fi ed health professionals to provide 
medical bene fi t to the patient”  [  9  ] . Nevertheless, 
all urologists should endeavor to follow the 
 principles of  ALARA  which stands for “As Low 
As Reasonably Achievable.” The ALARA prin-
ciple is intended to limit the total energy imparted 
to the patient during an examination. This can be 
accomplished by (1) keeping power outputs low, 
(2) using appropriate scanning modes, (3) limit-
ing exam times, (4) adjusting focus and fre-
quency, and (5) using the cine function during 
documentation.   

   Scanning Environment 

 The physical environment where ultrasound 
examinations are performed should have ade-
quate room for ultrasound equipment with the 
ability to control lighting and temperature. The 
exam table should have a height adjustment for 
sonographer comfort and ease of patient access. 
If there are windows in the exam room, they 
should have adjustable coverings to reduce the 
light and glare on the monitor and to preserve 
patient privacy. Workspace design should include 
adequate space to allow for safe handling of 
biopsy needles and specimens. Since the lighting 
in the room is dimmed, it may be necessary to 
provide a separate lighting source for the work 
area where biopsy samples are being transferred 
into specimen containers. 

 The goals of the optimum scanning environ-
ment should be to protect patient safety and to 
maximize operator ef fi ciency and reduce the 
risk for work-related musculoskeletal disorders 

(MSDs). Occupational Safety and Health 
Administration (OSHA). OSHA has established 
an e-tool to  provide guidance on operator safety 
in the  performance of ultrasound  [  10  ] . Urologists 
should personally arrange the ultrasound equip-
ment and monitor the environment in pursuit of 
these goals. Policies and procedures should be in 
place to provide for the safety of patients and 
personnel. Infection control policies and proce-
dures should be in place including adherence to 
universal precautions and proper care, cleaning, 
and maintenance of ultrasound equipment.  

   Patient Identi fi cation 
and Documentation 

 Patient identi fi cation should be veri fi ed prior to 
performing ultrasound procedures. When 
biopsy specimens are taken, a time-out should 
be conducted to verify patient identity and the 
accurate labeling of ultrasound images and 
specimen containers. It is estimated, based on 
DNA evidence, that up to 1% of prostate biopsy 
specimens may be subject to incorrect patient 
identi fi cation  [  11  ] . Documentation and image 
labeling is addressed in further detail in Chap. 
  2    . An ultrasound report should be generated. 
The report and images should be included in 
the patient’s medical record.  

   Equipment Maintenance 

 Ultrasound equipment should be in good operat-
ing condition and undergo routine calibration at 
least once a year  [  12  ] . Equipment manufacturer 
speci fi cations and federal and state  guidelines for 
the maintenance of ultrasound equipment should 
be followed. Equipment should be routinely 
inspected and tested for electrical safety. When 
transporting ultrasound equipment, care should 
be taken to ensure that transducers are secured to 
the machine. The transducers are delicate and 
should not be dropped. Transducer cables and 
power cords should be secured to the machine 
and off the ground to prevent damage to the 
cables by the machine rolling over them.  

http://dx.doi.org/10.1007/978-1-59745-351-6_2
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   Cleaning and Disinfection 
of Ultrasound Equipment 

 The ultrasound transducers, cables, and the 
machine itself should be cleaned immediately 
following each study. Ultrasound transducers 
have delicate parts which can be damaged by 
inappropriate handling, so equipment manu-
facturer guidelines should be followed when 
cleaning. The cleaning method and level of 
disinfection for transducers will depend on the 
speci fi cs of the procedures and the nature of 
tissue encountered. The Centers for Disease 
Control (CDC) publishes guidelines for disin-
fection and sterilization in healthcare facilities 
which should be followed  [  13  ] . 

 Applications such as abdominal, pelvic, or 
scrotal ultrasound are considered  noncritical  since 
they are performed on intact skin. The transducers 
and transducer holders should be cleaned immedi-
ately following the procedure. Allowing gel to dry 
on the probe makes cleaning more dif fi cult. Staff 
should wear gloves when cleaning the probes and 
equipment. The probe should be disconnected 
from the ultrasound unit when cleaning. Ultrasound 
gel may be removed from the probe by wiping 
with a soft cloth. The transducer should be cleaned 
with mild soap and water or a commercial spray or 
wiped after every use. The ultrasound manufac-
turer-approved disinfectant should be used to avoid 
damaging the probe. When placing the probe 
under running water, care should be taken to keep 
water away from the junction of the probe and the 
cable. The entire body of the transducer may be 
immersed, but care should be taken to avoid the 
junction between the transducer body and the 
cable. Each manufacturer provides speci fi c instruc-
tions about the proper immersion levels for probes. 
A small soft brush may be used to clean crevices 
where gel may accumulate. 

 When an ultrasound procedure is performed 
in which the probe comes into contact with 
mucous membranes (e.g., with transrectal ultra-
sound), a  high-level disinfection  process should 
be followed. Even when the probe covers are 
used, high-level disinfection after the procedure 
is still necessary. When cleaning the transrectal 

probe and attachments, staff should wear per-
sonal protective equipment including gloves and 
glasses. The FDA has published guidelines for 
the reprocessing of reusable ultrasound trans-
ducer assemblies used for biopsy procedures 
which should be followed  [  14  ] . The AIUM has 
issued guidelines on the cleaning and preparing 
of endocavitary ultrasound transducers between 
patients  [  15  ] . Transducer covers and biopsy 
attachments should be removed and discarded in 
a biohazard container. The probe should be placed 
under warm running water to remove residual 
debris and a small amount of nonabrasive liquid 
soap used to thoroughly cleanse the probe. Using 
a small brush, areas of angulation and crevices 
may be brushed clean. The probe should be rinsed 
with warm running water prior to being placed in 
sterilizing liquid. When immersing in a liquid, 
care should be taken to follow the manufacturer’s 
recommended immersion level so as to not dam-
age the probe. The transducer should be immersed 
in a disinfectant approved for high-level disinfec-
tion and for the speci fi ed time recommended by 
the manufacturer to achieve high-level disinfec-
tion. The transducer should not remain immersed 
in the disinfectant solution for longer than the 
recommended time as prolonged exposure may 
damage the transducer. A published list of 
approved high-level disinfectants for use in pro-
cessing reusable medical devices is available at 
US Food and Drug Administration website  [  16  ] . 
The CDC publishes guidelines on the cleaning of 
medical devices on their website  [  13  ] . After high-
level disinfection has been performed, the trans-
ducer should be rinsed thoroughly with sterile 
water, dried with a paper towel, and stored in a 
clean environment until its next use. 

  Critical disinfection  is required when blood 
or body  fl uids come in contact with the trans-
ducer or needle guide. Because blood and tissue 
pass through prostate biopsy guides, reusable 
prostate biopsy guides should be heat sterilized. 
If reusable biopsy guides are not able to be heat 
sterilized, then chemical sterilization should be 
performed  [  17  ] . Attachments which are labeled 
“onetime use” should not be reused and should 
be disposed of in a biohazard container. When 
cleaning reusable biopsy attachments, they should 
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be placed immediately into a solution of mild 
soap and water. A clean and properly sized brush 
should be used to clean the biopsy channel and 
lumen of the device checking to make sure no 
debris remains in the channel or lumen. The 
attachment should be rinsed and placed in a bag 
for heat sterilization. Heat sterilization should be 
performed, and the attachments should remain in 
the sterile bag until ready for use.      
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         Introduction 

 Ultrasound is a tool used for the diagnosis and 
management of urologic disease. An ultrasound 
examination performed and interpreted by the 
clinician combines a knowledge of the underly-
ing anatomy and disease processes with techni-
cal expertise to produce images of superior 
quality which answer a speci fi c clinical question. 
The interpretation of urologic images is an 
 integral part of the training of all urologists. The 
technical performance of the study and the abil-
ity to maximize image quality are learned skills. 
Current ultrasound equipment is a sophisticated 
combination of mechanical equipment and soft-
ware which is capable of producing exquisitely 
detailed anatomic images. Almost all current 
ultrasound equipment includes preset applica-
tions which optimize machine settings for imag-
ing of speci fi c organs or regions of the body. 
These presets save a great deal of time because 
they set scanning parameters which are favor-
able for most patients. However, there are many 
clinical circumstances in which these presets 
will need to be adjusted by the individual per-
forming the ultrasound examination. An under-
standing of the underlying physical principles of 

ultrasound, proper probe selection, and machine 
settings is critical to making appropriate adjust-
ments to the equipment.  

   Tuning the Instrument 

 The goal of adjusting machine settings is to pro-
duce “a good-quality image.” Accepted charac-
teristics of a good-quality image include (1) 
suf fi cient and uniform brightness, (2) sharp and 
in focus, (3) adequate size, and (4) oriented and 
labeled for documentation purposes. Desired 
attributes of an image may vary from individual 
to individual, but these general principles should 
always apply. 

 Several machine settings can be manipulated 
by the sonologist. These include but are not 
 limited to gain, time-gain compensation (TGC), 
frequency, focal zones, depth/size,  fi eld of view, 
and cine function (Fig.  4.1 ).  

 This chapter will explore the use of each of 
these “user-controlled” variables emphasizing 
the underlying physical principles and de fi ning 
the clinical circumstances under which these 
adjustments may be necessary.  

   Transducer Selection 

 Selection of the transducer is critical to maximiz-
ing image quality. The physical shape of the trans-
ducer may be important in certain circumstances. 
The image that is produced by a transducer may 
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be recognized by its shape. A linear array trans-
ducer produces a rectangular image whereas a 
curved array transducer produces an image which 
is trapezoidal in shape (Fig.  4.2 ).  

 Linear array transducers are most commonly 
used in urology for imaging of the testes and male 
genitalia. The curved array transducer is more fre-
quently used for abdominal scanning. The curved 
nature of the probe allows gentle pressure on the 
patient’s abdomen or  fl ank resulting in contact of 
the entire transducer face with the skin. Curved 
array transducers are useful for imaging between 
ribs or angling beneath the pubic symphysis. 

 Transducers are usually multifrequency, 
meaning the frequency can be switched electroni-
cally over a range of frequencies (e.g., 2.5–6 mHz 
for an abdominal transducer). It is important to 
select the highest frequency which has adequate 
depth of penetration for the anatomic area of 
interest. The higher the frequency of the trans-
ducer, the greater the axial resolution and the bet-
ter the anatomic representation of the image. 
However, there is a trade-off between frequency 
and depth of penetration. Imaging of the kidneys 
requires a lower frequency to penetrate to a depth 
of 6–14 cm below the surface of the skin. Thus, 
renal scanning is usually performed with a curved 
array transducer between 2.5 and 6 mHz. By con-
trast, because of the close proximity of the testes 
to the surface of the skin, scanning of the testis 
can be performed with high frequency transducer, 
producing excellent axial resolution. A linear 
array transducer at 12 mHz is often used for 

testicular ultrasound. Transrectal ultrasound of 
the prostate often employs a transducer of 
7.5 mHz since it offers an optimal combination of 
depth of penetration and axial resolution for the 
average-sized gland (Fig.  4.3 ).   

   Interfaces 

 To produce the best-quality image, the sonogra-
pher should arrange the scanning environment so 
that the interfaces between patient, sonographer, 
and equipment are optimized. The patient should 
be positioned at a height which allows the sonog-
rapher to stand or sit in a comfortable position so 
that the sonographer is able to stabilize the trans-
ducer against the patient’s body. This minimizes 
unwanted movement of the transducer and allows 
the sonographer to maintain the orientation and 
position of the transducer while adjusting machine 
features (Fig.  4.4 ).  

 The sonographer must have the ability to 
comfortably reach the physical console or 
touch screen in order to adjust the machine set-
ting. Many ultrasound units provide the ability 
to freeze and unfreeze the transducer via a but-
ton on the transducer itself or by a foot switch. 
In either case the sonographer must be able to 
scan the patient with one hand while manipu-
lating the console and documenting with the 
other hand. 

 The sonographer must have a clear direct view 
of the monitor. The angle of the monitor should 
be adjusted for viewing by the sonographer. The 
brightness settings on the monitor need to be 
adjusted for the conditions under which the scan 
is being performed. In general, dimming the room 
lights improves the ability to evaluate the image 
on the monitor.  

   Monitor Display 

 It is important when performing an ultrasound 
examination to understand the information that is 
available on the monitor. Patient demographic 
information, type of exam, and facility should 
be entered. The monitor will usually display 

  Fig. 4.1    There are a large number of parameters and set-
tings which may be modi fi ed by the user. These seven 
represent commonly used adjustments and functions for 
manipulating image quality       
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information regarding which probe is active, the 
frequency of the probe, and the magni fi cation of 
the image. Information regarding overall gain 
and other settings is available on the monitor. 
Typically there will be a TGC curve displayed on 
one side of the image as well as color bar which 
demonstrates the range of pixel brightness or 
hues available. In addition, there will be gradient 
markings on one side so that depth of  fi eld can be 
appreciated (Fig.  4.5 ).  

 By convention, when scanning organs in the 
sagittal view, the upper pole of the organ (e.g., 

kidney or testis) is to the left of the screen and the 
lower pole is to the right of the screen (Fig.  4.6 ).  

 In transverse scanning the right side of an ana-
tomic structure is displayed on the left side of the 

  Fig. 4.2    ( a ) The linear array transducer produces a  rectangular  image  fi eld. ( b ) The curved array transducer produces a  trapezoi-
dal  or  pie-shaped  image. The shape of the transducer affects the divergence of the sound wave as it propagates in the body       

  Fig. 4.3    The selection of a transducer with the frequency 
of 7.5 mHz re fl ects the trade-off between depth of pene-
tration and good axial resolution. In this axial image of a 
large prostate, a  lower  scanning frequency may be needed 
to adequately visualize the anterior prostate       

  Fig. 4.4    The con fi guration of the equipment and proximity 
to the patient are critical in maximizing comfort, ef fi ciency, 
and accuracy during scanning and documentation       
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image just as it would be when evaluating a con-
ventional radiograph. These conventions should 
always be followed when documenting an ultra-
sound examination; however, it may be useful to 
also demonstrate the orientation of the probe using 
graphics or icons. When paired structures such as 
the kidneys or testes are imaged, it is particularly 
important to designate the organ as right or left. 

   User-Controlled Variables 

 One of the most commonly required adjustments 
during ultrasound scanning is an adjustment to 
the overall  gain . The gain is a control which 
determines the degree to which the electrical sig-
nal produced by a returning sound wave when it 
strikes the transducer will be ampli fi ed for 
 display. This needs to be differentiated from 
 acoustic output  which is de fi ned as the power or 
amplitude of the afferent wave which is gener-
ated by the transducer (Fig.  4.7 ).  

 Both gain and acoustic power can be con-
trolled by the operator; however, acoustic output 
is limited by the manufacturer in compliance with 

  Fig. 4.5       Some of the machine settings are displayed on the monitor. Knowing where these settings are displayed and 
what they mean assists in optimizing image quality       

  Fig. 4.6    In this sagittal image of the  right  testis, the supe-
rior pole of the testis ( A ) is to the  left  and the inferior pole 
of the testis ( B ) is to the  right . The anterior aspect of the 
testis ( C ) is at the  top  of the image and the posterior aspect 
( D ) at the  bottom . Without the label, there would be no 
way to distinguish the  right  from the  left  testis       
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industrial safety standards  [  1  ] . In general, when 
the gain is increased the resultant image is 
brighter or more hyperechoic. When there is 
excessive overall gain, the image often appears 
bright and washed out. When there is insuf fi cient 

overall gain, the image is often dark and it is 
dif fi cult to distinguish between adjacent struc-
tures (Fig.  4.8 ).  

 It is generally more desirable to increase or 
decrease the gain rather than manipulate the 

  Fig. 4.7    A typical console interface showing common 
user-controlled variables. The acoustic output ( A ) controls 
the amplitude or power of the generated sound wave while 

overall gain ( B ) controls the degree to which the returning 
echo-generated electrical impulse will be ampli fi ed       

  Fig. 4.8    ( a ) Excessive gain settings make it dif fi cult to 
distinguish the stone ( black arrow ) in the  upper  pole of 
the kidney. ( b ) Insuf fi cient gain makes it dif fi cult to 

appreciate the distinction between the medial renal cap-
sule ( white arrow ) and the perinephric fat       
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acoustic output. However, there may be circum-
stances (e.g., a very thin or a very heavy patient) 
where increases or decreases in acoustic output 
would be appropriate. In every case, manipula-
tions of gain or acoustic output are made to 
improve image quality. The principle of ALARA 
(as low as reasonably achievable) should always 
be honored when making these adjustments, 
imparting as little acoustic energy into the patient 
as will provide an adequate image. 

  Time-gain compensation  is another way to con-
trol the ampli fi cation of the signal from a return-
ing sound wave. As opposed to overall gain, the 
ampli fi cation of these signals can be adjusted 
independently by region of the scanned  fi eld. 
That is, the electrical signal generated by sound 
waves returning from a speci fi c region inside the 
patient can be individually ampli fi ed using TGC 
controls. TGC controls usually involve a set of 
sliding switches which can increase or decrease 
the ampli fi cation of a signal at a particular depth 
in the scanned  fi eld. This is often displayed 
graphically on the monitor as a line or a curve 
which corresponds to the position of the physical 
slides on the console (Figs.  4.9  and  4.10 ).   

 TGC is most commonly used to amplify the 
signal strength from regions of the image where 

there is high attenuation of the sound waves or to 
decrease the ampli fi cation of the signal strength 
when there are areas where sound waves are unat-
tenuated. One frequent use of TGC in urologic 
scanning is to compensate for the hyperechoge-
nicity of tissue distal to a  fl uid- fi lled structure 
such as the bladder or a large renal cyst. It is often 
necessary to decrease the TGC for that region of 
the image distal to the  fl uid- fi lled structure so that 
structures in that location can be accurately rep-
resented (Fig.  4.11 ).  

  Frequency  adjustment allows a multifre-
quency probe to be switched between two or 
three main frequency ranges during scanning. 
For instance, a curved array probe for abdominal 
scanning will often have the ability to adjust from 
2–4 to 3.5–5 to 4–6 mHz. These ranges are 
speci fi cally designed to take advantage of greater 
axial resolution with the higher frequencies and 
greater depth of penetration with lower frequen-
cies. It is useful during scanning to change 
between frequencies to determine which fre-
quency range provides the best overall image 
quality (Fig.  4.12 ).  

 The frequency determines the axial resolution 
of the scan. Axial resolution is the ability to iden-
tify as separate, two objects in the direction of the 

  Fig. 4.9    TGC (time-gain compensation). The signal from 
a re fl ected (returning) sound wave can be ampli fi ed or 
diminished based on the depth of the re fl ector within the 

scanned  fi eld. The physical “sliders” ( open arrows ) cor-
respond to the shape of the “TGC curve” ( white arrow ) on 
the monitor       
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traveling sound wave. The higher the frequency, 
the better the axial resolution. The pulse that is 
sent from a transducer usually consists of two or 
three wavelengths and, as such, has a physical 
length. This pulse must  fi t completely between 
two objects in the axial plane in order to discrimi-
nate those objects as separate (Fig.  4.13 ).  

 Therefore, a pulse using a higher frequency 
wave has a shorter physical length than a pulse 
using a lower frequency wave. The shorter the 
pulse length, the better the axial resolution. 
A 5 mHz transducer produces a pulse length 
suf fi cient to produce an axial resolution of approx-
imately approximately 1 mm (see insert Box). 

  Fig. 4.10    Note how the shape of TGC curve ( black arrow s 
in the image on the left) corresponds to the pixel brightness 
at given regions of the scanned  fi eld. When the TGC curve is 
deviated to the right, (large arrows in the image on the right) 

the signals produced by sound waves returning from that 
corresponding region of the ultrasound  fi eld are ampli fi ed 
and displayed as “brighter” pixels. Acoustic output is 
unchanged by adjustments in time-gain compensation       

  Fig. 4.11    ( a ) The  fl uid- fi lled bladder results in a region 
of decreased attenuation which produces a hyperechoic 
appearance of tissue posterior to the urinary bladder. 

( b ) This artifact called “increased through transmission” 
can be corrected by decreasing the TGC curve in this 
region ( brackets )       
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  Fig. 4.12    The relative 
relationship between 
frequency and depth of 
penetration. Notice that to 
image a kidney 12 cm 
beneath the skin, a 
frequency of 2–4 mHz 
would be required to 
achieve an adequate depth 
of penetration       

  Fig. 4.13    ( a ) The shorter 
pulse length associated 
with this higher frequency 
wave is able to  fi t between 
the two objects in the axial 
plane providing good axial 
resolution. ( b ) The longer 
pulse length is unable to  fi t 
between the objects, thus 
depicting the two distinct 
objects as a single 
“blurred” echogenic focus       

  Axial Resolution    
 1 pulse = 3  l   
   n   = ƒ  l   
 For normal tissue velocity of 1,540 m/s and a frequency of 5 mHz, 
   l   =   n  /ƒ 
   l   = 1,540 m/s/5 mHz 
   l   = 0.34 mm 
 3  l   = 1.02 mm 
 ∴ 1 pulse = 1.02 mm 
 Therefore, axial resolution at 5 mHz  ³  1.02 mm.    
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  Focal zone adjustments  are made in an 
attempt to bring the narrowest portion of the 
ultrasound beam into the location where maximal 
lateral resolution is desired. Lateral resolution is 
de fi ned as the ability to discriminate as separate, 
two points which are equidistance from the 
 transducer (Fig.  4.14 ).  

 Lateral resolution is a function of the width of 
the sound wave beam. The more focused the 
beam, the better the lateral resolution; that is, even 
closely spaced objects can be differentiated. Most 
transducers have a focal point producing the best 

lateral resolution and a focal range producing 
adequate lateral resolution (Fig.  4.15 ).  

 The width of the beam can be controlled by 
setting the location of focal zones. However, the 
thickness of the beam (known as the elevation or 
azimuth) is determined by the characteristics of the 
transducer crystals and design. In general, the focal 
zone should be placed at or just distal to the area 
that is of maximum clinical interest (Fig.  4.16 ).  

 It is possible to set multiple focal zones; how-
ever, this requires the software to sequentially 
interpret returning sound waves from speci fi c 
locations of the scanning  fi eld (Fig.  4.17 ).  

 Multiple focal zones result in a slower frame 
refresh rate and may result in a display motion 
that is discontinuous. In most urologic scanning 
applications a slower refresh rate is not a 
signi fi cant liability. Multiple focal zones are most 
useful in urologic scanning when  fi ne anatomic 
detail throughout a solid structure is desirable 
(notably, in testicular scanning). When it is desir-
able to produce and interpret a twinkle artifact 
during Doppler scanning, it is useful to place the 
focus just at or distal to the object producing the 
twinkle artifact (Chap.   5    ,     page 57). 

  Depth/size function  allows the user to select 
that portion of the scanned  fi eld which will be dis-
played on the monitor. By adjusting the depth of 
 fi eld, it is possible to allow the structure of interest 
to occupy the appropriate proportion of the visual 
 fi eld. By limiting the area of the scanned  fi eld 
from which returning echo signals will need to be 

  Fig. 4.14    Lateral 
resolution is optimized 
when beam width is 
narrow enough to  fi t 
between two objects 
equidistant from the 
transducer. In ( a ) the 
objects would be correctly 
displayed as separate 
objects. In ( b ) the beam 
width is too thick to  fi t 
between the objects, and 
they would be displayed as 
a single “blurred” focus       

  Fig. 4.15    The shape of the ultrasound beam determines its 
lateral resolution. The narrowest portion of the beam is its 
focal point or focal zone. The location of the narrowest 
point of the beam can be adjusted by manually setting foci       
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interpreted and displayed, the amount of work 
performed interpreting that returning informa-
tion will be diminished and frame refresh rates 
will be improved. The depth/size function has no 
effect on the axial resolution of the image. 
Appropriate depth of  fi eld adjustments can 

improve the ability to visually discriminate 
 certain structures during urologic scanning and 
improves the overall performance of the equip-
ment (Fig.  4.18 ).  

  Field of view  is an adjustment to limit the 
width of an image so that only a portion of the 

  Fig. 4.16    The shape of the 
ultrasound beam is 
simulated in this drawing 
( purple ). The focal zone 
( A ) is located to produce 
the best lateral resolution 
of the medial renal cortex 
( white arrows ). The 
location of the focal zone 
is designated by the 
 arrowhead  ( B ). The 
location of the focal zone 
can be adjusted by the 
operator       

  Fig. 4.17    In this sagittal 
renal ultrasound two focal 
zones ( arrowheads ) are set 
to correspond to the ( A ) 
lateral renal cortex and ( B ) 
the medial renal vortex       
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available ultrasound information is interpreted. 
As with changes in depth of  fi eld, narrowing the 
 fi eld of view will reduce the amount of work nec-
essary to interpret the returning echo data and 
improve frame refresh rate. It also limits the 
visual distraction of tissues which are irrelevant 
to a speci fi c exam (Fig.  4.19 ).  

 The  cine function  of most machines pro-
vides an opportunity to save a sequence of 
frames from the most recent scanning session 
and allows these frames to be played back one 
by one. This is a very useful feature when scan-
ning organs such as the kidney which may be 
affected by respiratory motion. When a subtle 

  Fig. 4.18    ( a ) Depth of  fi eld has been set so that the testis 
 fi lls the available display space but produces a grainy 
image. ( b ) Depth of  fi eld has been increased so that the 

testis occupies a very small portion of the available dis-
play. Tissue posterior to the testis which is not relevant 
occupies a large percentage of the display       

  Fig. 4.19    The full ultrasound  fi eld is displayed in ( a ). Limiting the  fi eld of view to the kidney ( b ) decreases the time 
necessary to interpret returning echo information and improves the frame refresh rate       
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 fi nding is identi fi ed, the machine can be placed 
in the freeze mode and then the sequential 
images captured in the cine memory can be 
scanned backwards until the most appropriate 
image for measurement and documentation is 
identi fi ed. The cine function is invaluable in 
clinical of fi ce urology because it signi fi cantly 
decreases the time necessary to perform and 
document a complete examination.  

   Conclusion 

 Ultrasound equipment has preset applications 
for imaging of the prostate, kidneys, bladder, and 
testes. These presets allow scanning of most 
patients without the need to make individual 
adjustments. However, there are many clinical 
circumstances where the ability to make indi-
vidual adjustments is invaluable to making a 
clinical diagnosis or clarifying an artifact. Most 
equipment allows users to store a large number 
of additional scanning protocols to account for 

commonly encountered challenges such as obese 
patients or pediatric patients.    

   Summary 

 A good-quality image is recognized by certain 
generally agreed upon characteristics (Fig.  4.20 ).  

 Ultrasound is ultimately an exercise in image 
recognition. Clinicians tend to see what they 
know and are familiar with. Great care must be 
taken to ensure optimal image quality so that the 
unexpected and unfamiliar may also be recog-
nized and correctly diagnosed.      
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         Introduction    

 Technical innovations have resulted in the cre-
ation of lower-cost and portable ultrasound 
machines that have the potential to provide a 
valuable tool to assist in bedside evaluation. 
Point-of-service ultrasound is well suited for the 
expeditious diagnosis of renal disorders while 
facilitating subsequent therapeutic interventions 
such as percutaneous procedures and ablations. 
The combination of an accurate diagnostic tool 
with the clinical acumen of a well-trained urolo-
gist is likely to improve health-care delivery 
while reducing the cost of providing that care. 

 Renal ultrasound has been found to be a highly 
sensitive and speci fi c test for hydronephrosis in 
both the adult and pediatric population, augment-
ing the clinical toolbox of the on-call urologist 
 [  1  ] . Additionally, renal ultrasound is valuable in 
the initial evaluation of hematuria and urolithia-
sis  [  2  ] . Asynchronous patient care (i.e., an initial 
history and physical examination separated in 
time and space from the ultrasound examination) 
requires that the physician have access to and 
remembers to review the imaging study at a sec-

ond visit. Integration of ultrasound, performed by 
the urologist, into the initial clinical evaluation 
improves the ef fi ciency of patient care while 
avoiding the pitfalls of segregating the diagnostic 
process into metachronous episodes. 

 This chapter details the applications and tech-
niques of renal ultrasound necessary to integrate 
ultrasound into the daily practice of urology. The 
reader will be able to explore the technical process 
of generating an ultrasound image of the renal 
units in response to a speci fi c clinical question.  

   Indications 

 The indications for renal ultrasound include  [  3  ] :
   Flank and/or back pain  • 
  Hematuria  • 
  Further evaluation of abnormal  fi ndings of the • 
kidney on other imaging studies  
  Planning and guidance for intraoperative pro-• 
cedures, i.e., transcutaneous renal biopsies, 
cyst aspiration, and ablation of renal masses  
  Evaluation of postoperative renal transplant • 
patients  
  Intraoperative renal parenchymal and vascular • 
imaging for ablation or resection of renal masses  
  Abdominal trauma  • 
  Follow-up of known or suspected abnormali-• 
ties in the kidney  
  Evaluation of asymptomatic microscopic • 
hematuria in patients who are not candidates 
for IVP, CT, or MRI  [  4  ]   
  Evaluation for and monitoring of urolithiasis  [  • 5  ]      
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   Equipment 

 Adequately performing and documenting a renal 
ultrasound requires familiarity with basic features 
of the ultrasound machine. For renal imaging in 
adults, a curved array transducer is used as seen in 
Fig.  5.1 . A smaller-width transducer can offer 
superior contact with the body surface in very thin 
patients and may make it easier, than with a wide 
transducer, to scan between the ribs. Both types 
work well for most patients. Renal ultrasound 
scanning is performed at frequencies between 2.5 
and 6 MHz. The kidney lies several centimeters 
below the skin surface so the lower frequencies 
will give superior penetration. For thin patients a 
higher frequency should be used. For patients with 
a large abdominal girth, a lower frequency should 
be used. With the lower frequencies penetration is 
improved but results in a decrease in the quality of 
linear (axial) resolution.  

 Most commonly, one or two focal zones are 
used for renal imaging. The focal zone should 
correspond to the area of interest in the  fi eld of 
view. The focal zone corresponds to the narrow-
est part of beam and gives the best lateral resolu-
tion at the region of interest. Adding focal zones 
slows down the refresh rate of the image. Other 
machine features commonly used during renal 
ultrasound exams are the measurement calipers, 
cine loop, and Doppler mode. 

   Patient Preparation 

 Patient preparation is helpful to facilitate an 
ef fi cient exam. Fasting decreases intestinal con-
tents and can allow for a more anterior approach to 
imaging the kidney, away from the thicker  fl ank 
musculature. In the urology of fi ce, however, renal 
imaging is often used on short notice to investigate 
an acute problem during the appointment. Thus, it 
is usually impractical to have the patient fast sev-
eral hours prior to the exam. For planned exams, 
such as upper tract imaging for hematuria workup 
or screening for postoperative hydronephrosis 
after impacted stone removal, one would ask the 
patient to fast for 6 h prior to the exam. 

 The exam room should have the capability 
to dim the room lights and reduce the glare 
from natural light. The ultrasound image detail 
on the screen is dramatically improved by dim 
ambient light. 

 Patient positioning will depend on the indica-
tion for the exam to be performed. A focused uni-
lateral follow-up exam such as for post-ESWL 
hematoma or for renal trauma can be done 
ef fi ciently with the patient in the supine position. 
A bilateral exam will likely involve the patient’s 
moving from supine to right lateral decubitus posi-
tions to allow access to the left kidney. Ultrasound 
for urolithiasis will involve imaging from the high 
posterior  fl ank then moving anteriorly and inferi-
orly all the way to the ureterovesical junction 
(UVJ) looking for distal stones and ureteral jets. 

 The ultrasound machine should be positioned 
so the screen is easily seen by the operator and 
the keyboard and patient can be reached comfort-
ably. Extreme care should be taken to avoid falls 
when rolling patients from side to side on stan-
dard exam tables. Typical exam tables are narrow 
and have no side rails. The examiner’s attention 
will be focused on the ultrasound screen, so 
unsteady patients should be moved onto a 
stretcher with side rails or guarded on the oppo-
site side by ancillary staff.   

  Fig. 5.1    Curved array transducers are used for the per-
formance of renal ultrasound. Seen in this image are two 
different widths of curved array transducers, small foot-
print ( left ) and a large footprint ( right )       
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   Anatomic Considerations for Renal 
Imaging 

 Consider the orientation of the kidney in the 
retroperitoneum. The lower pole is 15° lateral 
to the upper pole in the coronal plane (Fig.  5.2a ). 
In the transverse coronal plane, the hilum of the 
kidney is about 30° posteriorly rotated off the 
true coronal plane (Fig.  5.2b ). Lifting of the 
kidney by the psoas muscle causes the lower 
pole to be more anterior than the upper pole 
(Fig.  5.2c ). For longitudinal views of the kid-
ney, the orientation of the ultrasound probe 
should match the long axis of the kidney 
(Fig.  5.3 ). This also allows for identi fi cation of 
the true midsagittal plane of the kidney.    

   Imaging the Right Kidney 

   Technique 

 Ultrasound of the right kidney is typically per-
formed with the patient in the supine position. The 
transducer is placed in the mid-clavicular line at 
the level of the costal margin. Bowel gas in the 
transverse colon will often be encountered ini-
tially. The transducer is swept laterally using the 
liver as an acoustic window to image the upper 
pole of the right kidney. Figure  5.4  is an example 
of a right kidney viewed through a liver window. 
The homogenous composition of the liver offers 
excellent transmission of the sound waves with 
minimal distortion. As the transducer is moved 

  Fig. 5.2    ( a ) Coronal MRI showing that the lower pole is 
15° lateral to the vertical plane. ( b ) Transverse MRI at the 
level of the renal hila showing that the axis of the kidney 

is 30° posterior to the true coronal plane. ( c ) MRI demon-
strating that the lower pole of the kidney is anterior to the 
upper pole       

  Fig. 5.3    Image of an MRI 
demonstrating the 
anatomical position of the 
kidney in the abdomen and 
proper position and angle 
of the ultrasound probe for 
imaging the left kidney. 
This probe position would 
generate a true midsagittal 
ultrasound image of the 
left kidney       
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more laterally the kidney can be more completely 
imaged without interference from bowel gas. An 
attempt should be made to  fi nd the true midsagittal 
plane of the right kidney. This serves as an ana-
tomic landmark from which the remainder of the 
complete scan can be performed. The midsagittal 
plane of the kidney is characterized by the longest 
measureable sagittal axis of the kidney. The renal 
parenchyma is discontinuous medially at the level 
of the entry and exit of the renal vessels and the 
exit of the renal pelvis from the renal sinus.  

 Once the midsagittal plane is localized, the 
kidney should be scanned anteriorly and posteri-
orly until the entirety of the renal parenchyma has 
been evaluated. The upper pole and mid kidney 
can usually be viewed through the liver window. 
The lower pole frequently has to be viewed 
directly via a more lateral or posterior location. 
Figure  5.5  is an example of the lower pole of the 
left kidney viewed directly from the  fl ank rather 
than through the spleen as an acoustic window. In 
the midsagittal plane the transducer should be 
rotated 90° counterclockwise to achieve the mid-
transverse plane of the kidney. This is character-
ized by a horseshoe-shaped renal parenchyma 
discontinuous on the medial aspect at the level of 
the renal sinus. It is often possible to see the renal 
vein sonographically in this view. The renal artery 

is more dif fi cult to visualize. Once the mid-trans-
verse plane has been identi fi ed, the kidney is 
scanned through the upper pole and through the 
lower pole. This evaluation can be accomplished 
by moving the probe cephalad and caudad and by 
having the patient take a deep inspiration to bring 
the upper pole of the kidney into view.  

 Once the kidney has been completely evalu-
ated in both planes, attention is turned to identi-
fying and documenting normal and abnormal 
 fi ndings.   

   Imaging the Left Kidney 

   Technique 

 Ultrasound of the left kidney is typically per-
formed with the patient in the right lateral decu-
bitus position. Having the patient raise the left 
arm overhead will further open the intercostal 
spaces to allow for better imaging. The trans-
ducer is placed at the mid axillary or posterior 
axillary line. Bowel contents commonly prevent 
an anterior approach to viewing the left kidney. 
The left kidney image is often of less crisp detail 
due to attenuation and scattering by muscle in the 
 fl ank and back. The spleen is frequently seen 

  Fig. 5.4    Right kidney viewed using the liver as an acoustic window       
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anterior and superior to the left kidney, but is not 
usually well positioned to use as an acoustic win-
dow (Fig.  5.6 ). The true midsagittal view of the 
left kidney is then located. This will be the plane 
of the longest sagittal length of the kidney (mid-
sagittal). The renal capsule will appear discon-
tinuous at the mid kidney medially at the site of 
the renal hilum. In the coronal view, cortical tis-
sue is seen as a continuous ring around the hyper-

echoic pelvic sinus fat except at the renal hilum. 
Once the anterior and posterior surfaces have 
been fully imaged in the sagittal plane, one rotates 
the probe 90° counterclockwise to image in the 
axial plane. The left kidney assumes a horseshoe 
shape with the discontinuity of the parenchyma 
oriented medially at the location of the renal 
sinus. The upper and lower poles of the left kid-
ney are imaged completely by moving the probe 

  Fig. 5.5    Left kidney viewed directly via lateral  fl ank approach (true midsagittal plane)       

  Fig. 5.6    The spleen is seen on this image cephalad to the left kidney       
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cephalad and caudad and with targeted breathing 
by the patient as necessary. A deep inspiration 
and expiration will move the kidney several cen-
timeters. Once the kidney has been completely 
evaluated in both planes, attention is turned to 
identifying and documenting normal and abnor-
mal  fi ndings.  

 The goal of the ultrasound exam is to view the 
entirety of the kidney, including every capsular 
surface. When imaging in the transverse plane, 
the entire length of the kidney must be viewed. 
Through the use of directed patient breathing, 
scan from just above the superior pole of the kid-
ney all the way inferior through the entire kidney 
to just below the lower pole. The cross-sectional 
diameter of the renal capsule becomes smaller as 
one reaches each pole, then disappears as the 
imaging beam goes beyond the edge of kidney. 
A good analogy is the way one would view the 
axial imaging of a CT scan. One would scroll 
through the kidney from just above the kidney to 
just below the kidney to avoid missing any exo-
phytic lesions at the poles. When imaging in the 
longitudinal plane, one would fan the probe ante-
riorly and posteriorly to fully view the kidney 
from the anterior surface, through midline and on 
through the posterior surface. Seen in Fig.  5.7  is 
an example of the type of small exophytic periph-
eral lesion which could be missed with incom-
plete imaging of the full anterior and lateral 
surface of the left kidney.    

   Normal Findings 

 Renal contours should be smooth and of an oval 
reniform shape. Any deviation from a smooth 
uniform contour should be noted and a represen-
tative image saved. All surfaces of the kidney 
should be scanned from top to bottom and from 
anterior to posterior. 

 The kidney measurements should be recorded. 
The transverse view of the mid kidney should be 
measured and the image saved. An image of the 
midline longitudinal length should be measured 
and the image saved. Care should be taken to 
ensure that the true midline longitudinal view of 
the kidney is obtained for accurate measurement 

of length. If the transducer is aligned in the true 
midsagittal plane, the longitudinal kidney image 
should be displayed in a horizontal plain on the 
screen. Thus positioned, there is less distortion 
related to the angle of insonation. Figure  5.8  
demonstrates that there may be a substantial dif-
ference in the measurement of the long axis of 
the kidney if the kidney is imaged in a parasagit-
tal plane vs. a true midsagittal plane. The true 
midsagittal plane is characterized by a medial 
discontinuity of the renal parenchyma represent-
ing the hiatus through which the renal vessels and 
collecting system enter and exit. Normal adult 
kidneys measure 10–12 cm longitudinally, 
5–7 cm transversely, and 3 cm in the anteroposte-
rior dimension  [  6,   7  ] . A table of normal pediatric 
age-adjusted renal sizes should be readily acces-
sible for reference if one does pediatric imaging 
 [  8  ] . The right and left kidneys should be of simi-
lar size. Any size discrepancy should be noted in 
the report. A discrepancy in the long axis of over 
1.5 cm is considered abnormal  [  9  ] .  

 Renal cortical thickness should be relatively 
uniform throughout the kidney. Any bulges or 
indentations in the cortex should be noted on the 
report and captured as an image. Parenchymal 

  Fig. 5.7    This MRI demonstrates a small exophytic renal 
cyst ( arrow ) that could easily be missed on ultrasound if 
the full anterior and lateral surface of the left kidney is not 
evaluated       
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and cortical thickness should be noted. The corti-
cal thickness is measured from the renal capsule 
to the base of the triangular medullary pyramids. 
The parenchymal thickness is measured from the 
renal capsule to the edge of the renal sinus. In 

adults, the medullary pyramids are often indis-
tinct on ultrasound imaging, and thus measuring 
an accurate cortical thickness can be dif fi cult  [  10  ] . 
Parenchymal thickness is often easier to measure 
in general. A renal parenchymal thickness under 

  Fig. 5.8    An accurate measurement of renal length 
depends upon obtaining a truly midline renal image in the 
sagittal plane. In ultrasound image ( a ) the right kidney is 
in the true midline as noted by the medial discontinuity of 
the renal parenchyma. This represents the hiatus through 

which the renal vessels and collecting system enter and 
exit ( arrow ). The kidney on this view measures 9.53 cm. 
Ultrasound image ( b ) demonstrates the measurement of 
the same right kidney when it is not in the true midline. 
The kidney measures 7.71 cm       
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1 cm is considered to be abnormal  [  10  ] . Figure  5.9  
demonstrates cortical vs. parenchymal thickness 
measurements.  

 The echotexture of the kidney should be noted. 
The normal adult renal cortex should appear 
hypoechoic or iso-echoic relative to the normal 
liver or normal spleen. The normal renal cortex 
should appear homogenous in echogenicity. The 
medullary pyramids should be hypoechoic com-
pared to the renal cortex. This is much more pro-
nounced in children than adults. 

 The renal sinus is hyperechoic compared to 
the renal cortex in normal kidneys. The renal 
sinus is highly echogenic due to its many differ-
ent re fl ectors including blood vessels, sinus fat, 
and the collecting system.  

   Adjacent Structures 

 Renal ultrasound by urologists is usually per-
formed for a speci fi c clinical indication and is 
focused on the kidneys. Adjacent organs will be 
in the  fi eld of view and any remarkable  fi ndings 
of those organs should be noted. 

 The adrenal gland in adults is not normally 
visualized on ultrasound. A prominent adrenal 

gland seen on ultrasound should be consid-
ered potentially abnormal and further imaging 
with CT or MRI as appropriate should be 
considered. 

 It is not the intention of a focused urologi-
cal examination to provide complete imaging 
of the liver, gallbladder, spleen, or aorta, but 
any abnormalities noted on these organs dur-
ing the renal exam should be documented and 
pursued with further testing as appropriate. 
Often the urologist has an ongoing relation-
ship with the patient. The urologist can both 
draw upon other relevant preexisting imaging 
and communicate the  fi ndings to the patient. 
As the clinical situation indicates, further fol-
low-up imaging and/or referrals to appropri-
ate specialists can be ordered.  

   Ultrasound Report 

 Report generation is a critical component of all 
renal ultrasound exams. The ultrasound report 
should be clearly identi fi ed as such in the medical 
record and should be signed by the interpreting 
physician. The report has four components: indi-
cations, equipment,  fi ndings, and impression. 

  Fig. 5.9    Image demonstrating the difference between the measurement of the cortical thickness and parenchymal 
thickness       
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   Indications 

 The clinical history and reason for performing 
the study should be documented in the indication 
section.  

   Equipment 

 Each ultrasound report should identify the make 
and model of the machine and the probe used for 
the exam.  

   Findings 

 The  Findings  section should include a succinct 
description of the normal  fi ndings as well as any 
notable abnormalities. It should include measure-
ments. Formal ultrasound terminology should be 
used. The ultrasound  fi ndings should be described 
in this section with diagnoses being reserved for 
the impression section of the report. For example, 
one should report “a 9 mm brightly hyperechoic 
focus in the lower pole of the right kidney with 
strong posterior acoustic shadowing” in the 
 Findings  and report “consistent with the appear-
ance of a stone” in the  Impression .  

   Impression 

 The  Impression  portion of the report should include 
an interpretation of the sonographic  fi ndings based 
on the clinical history and physical  fi ndings. When 
the urologist is the performing and interpreting 
physician, the impression may also include a  plan  
for subsequent imaging or intervention.   

   Image Documentation 

 Representative images of the exam should be 
saved in the permanent patient record. These can 
be digital or hard copy images. Minimum image 
documentation will vary based on the clinical 
indication for the study but for a full evaluation 
of both kidneys it should include:

    1.    Right kidney:
   (a)    Longitudinal view including length 

measurement.  
   (b)    Transverse view of the upper pole.  
   (c)    Transverse view of the renal pelvis.  
   (d)    Transverse view of the lower pole.  
   (e)    View showing the liver and right kidney 

on the same image, if possible.      
    2.    Left kidney:

   (a)    Longitudinal view including length 
measurement.  

   (b)    Transverse view of the upper pole.  
   (c)    Transverse view of the renal pelvis.  
   (d)    Transverse view of the lower pole.  
   (e)    View showing the spleen and left kidney 

on the same image, if possible.      
    3.    Appropriate views of abnormalities, with 

measurements if indicated.      

   Doppler 

 Color and power Doppler are useful tools in renal 
imaging. The ability to con fi rm normal blood 
 fl ow in the kidney can be useful in the follow-up 
of trauma, partial nephrectomy, and obstruction. 
The ability to characterize hypoechogenic struc-
tures in the kidney is useful. Renal hilar vessels 
can mimic the hypoechoic appearance of a dis-
tended renal pelvis. The use of the Doppler mode 
can quickly distinguish between vessels and 
hydronephrosis (Fig.  5.10 ). The use of Doppler 
to demonstrate renal artery stenosis is generally 
beyond the scope of of fi ce urologic practice.   

   Resistive Index 

 Resistive indices are calculated by quantifying 
the velocity of blood  fl ow from the Doppler 
waveform of intrarenal arteries. The arcuate 
arteries running along the junction of the cortex 
and medulla or the interlobar arteries running 
between the medullary pyramids are targeted. 
Color or power Doppler can be used to identify 
a suitable vessel. The Doppler angle indicator 
is aligned with the long axis of the blood vessel 
being interrogated and the gate should be set at 
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no greater than 75% of the inner diameter of the 
vessel. The angle of insonation (  q  ) should 
always be  £ 60°. The resultant waveform is ana-
lyzed (Fig.  5.11 ). The peak diastolic and end 
systolic velocities are marked. The formula to 
calculate RI is peak systolic velocity (PSV) 
minus the end-diastolic velocity (EDV) divided 
by the PSV [(PSV-EDV)/PSV]. A value of <0.7 
is generally accepted as normal. Higher RIs can 
be seen in children and the elderly. Comparing 
side-to-side RIs, called resistive ratio, may be 

useful. A resistive ratio is the ratio between the 
RI of the affected kidney and the contralateral 
unaffected kidney. However, a difference in the 
RI of  ³ 0.1 on the symptomatic side compared 
to the asymptomatic side may be more impor-
tant than a resistive ratio clinically  [  11–  13  ] . 
Studies have shown acceptable sensitivity and 
speci fi city for RI in evaluating obstruction  [  14  ] . 
Ureteral obstruction causes elevated arterial 
resistance even preceding the development of 
signi fi cant hydronephrosis. Nonobstructive 

  Fig. 5.10    The anechoic area ( arrow ) seen centrally in 
image ( a ) which has an appearance consistent with hydro-
nephrosis is found to represent hilar vessels by color 
Doppler in image ( b ). In a different kidney, the central 

anechoic area ( arrows ) in the transverse image ( c ) remains 
anechoic ( arrow ) during application of Doppler indicating 
a dilated collecting system       

  Fig. 5.11    The accurate calculation of the resistive index 
depends on ( a ) aligning the angle indicator ( yellow line ) 
with the long axis of the vessel being imaged and ( b ) 
ensuring that the gate (two parallel  green lines ) is set to 

about 3/4 of the vessel width. The goal is to achieve an 
angle of insonation (  q  ) of  £ 60°. In this image the angle is 
50° ( circle ). The resistive index is calculated as 0.73       
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causes of renal pelvis dilation tend to demon-
strate normal RIs. For example, pregnant 
women were shown to have normal RIs despite 
the development of hydronephrosis of preg-
nancy  [  15  ] . Studies show promise for evaluat-
ing renal colic in pregnancy when ionizing 
radiation is to be avoided  [  16,   17  ] .    But the 
inability to distinguish acute vs. chronic obstruc-
tion limits the clinical utility of resistive indices 
in this setting. 

 The RI seems to rise reliably only in complete 
obstruction. Studies which included patients with 
partial obstruction showed much less ability to dis-
criminate anatomic obstruction from functional ure-
teral dilation  [  18  ] . The resistive index is not reliable 
as an isolated  fi nding to prove or disprove a clinically 
signi fi cant obstruction. Rather, it can be another use-
ful  fi nding to support or refute a working diagnosis 
during an ongoing clinical evaluation.  

   Artifacts 

 Imaging the retroperitoneum with ultrasound is a 
challenging task due to anatomic hurdles to sound 
wave transmission. It is necessary to recognize and 
account for several common ultrasound artifacts. 
Ribs may cause posterior acoustic shadowing. 

Positioning the transducer between the ribs may 
be necessary to obtain a complete view of the kid-
ney. Probe manipulation techniques such as fan-
ning (see Chap.   2    ) may be helpful for directing the 
beam between the ribs. A small-width curved array 
transducer is often helpful for imaging between 
the ribs. Positioning the patient in the lateral decu-
bitus position with their ipsilateral arm extended 
above the head opens the intercostal spaces ade-
quately in most patients. If additional extension is 
needed for particularly narrow intercostal spaces, 
a rolled towel or pillow under the contralateral side 
may facilitate further extension. Figure  5.12  dem-
onstrates a persistent rib shadow. If a more favor-
able window cannot be found, then the examiner 
will have to move the kidney above and below the 
shadow with coached breathing to accomplish 
complete imaging of the kidney.  

 Stones 5 mm or larger will reliably be seen on 
ultrasound as a hyperechoic focus and will usually 
produce a posterior acoustic shadow. Small or nar-
row stones may fail to produce a strong acoustic 
shadow. Some calculi may display  twinkle artifact  
during interrogation with color Doppler. Twinkle 
artifact is a mixed color  fl ow signal around and 
behind a bright specular re fl ector. Twinkle artifact 
can be very useful when imaging a hyperechoic 
focus. Blood vessels near the collecting system such 

  Fig. 5.12    Rib causing posterior acoustic shadowing ( arrows ) across this midsagittal image of the kidney       
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as arcuate arteries often appear hyperechoic and can 
be very dif fi cult to differentiate from small stones. 
Application of color Doppler will often produce a 
multicolored trail posterior to a stone (Fig.  5.13 ).  

 Stones appear differently on ultrasound com-
pared to CT scan. Larger stones will appear as an 
intensely hyperechoic leading edge rim with com-
plete shadowing posterior on ultrasound. Therefore, 
it can be dif fi cult to accurately determine the three-
dimensional shape and size of a stone (Fig.  5.14 ).  

 Reverberation artifact is the indistinct hazy 
shadow created by bowel gas. The colon lies ante-
rior to each kidney and so this  fi nding is often 
encountered anterior or medial to the kidney. 
Figure  5.15a, b  demonstrate the reverberation arti-
facts typical of bowel gas. If shadowing from 
bowel gas is interfering with visualization of the 
kidney, the probe may be moved laterally and even 
posteriorly to image around it. Alternatively, the 
patient may be turned to the decubitus position.  

 Edging artifact is often strikingly demon-
strated at the poles of the kidney. This artifact can 
also be seen off the edges of renal cysts (Fig.  5.16 ). 
Edging artifact occurs when sound waves strike a 
rounded surface at an angle which prevents 
re fl ection back to the probe.  

 Side lobe artifact, also called slice thickness 
artifact, can be seen as  fi ne, hyperechoic echoes 

within a renal cyst. To differentiate this artifact 
from a complex cyst with tissue on the edge of 
the cyst, one can change the angle of insonation. 
If the  fi nding is due to an anatomic structure, the 
 fi nding on that surface of the cyst wall will persist 
regardless of the angle of insonation. The side 
lobe artifact may be minimized by adjusting the 
time gain compensation curve (Fig.  5.17 ).   

   Renal Findings 

 Renal scanning requires a good foundation of 
knowledge of both normal and abnormal  fi ndings. 
The kidney has a few normal variations which 
might be discovered on renal sonography. Some 
well-known normal variants are reviewed here. 
Pathologic  fi ndings in the kidney are quite famil-
iar to urologists and may need to be further stud-
ied with additional imaging modalities.  

   Parapelvic Cysts 

 Parapelvic cysts are anechoic structures of vary-
ing size adjacent to or within the renal sinus. 
They are easily mistaken for hydronephrosis. 
The cysts sometimes penetrate deeply into the 

  Fig. 5.13    Twinkle artifact ( arrow ) is the result of the interaction of sound waves with a highly echogenic object or an 
interface of signi fi cantly different impedance       
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renal sinus mimicking dilated calyces (Fig.  5.18 ). 
One helpful difference is the location of the cyst 
in relation to the medullary pyramid. In hydro-
nephrosis the long axis of the hypoechoic struc-
ture tends to line up pointing towards the renal 
papilla and pyramid (Fig.  5.19 ). Parapelvic cysts 
tend to have their long axis pointing in between 
pyramids. A CT scan or retrograde pyelogram 
may be necessary to differentiate parapelvic 
cysts from hydronephrosis.   

 An extrarenal pelvis can also be confused for 
hydronephrosis. Careful examination should 
demonstrate lack of dilation of the infundibuli 
and calyces. Ancillary imaging is often necessary 
to con fi rm the diagnosis. 

 A dromedary hump can be seen on the mid 
portion of the lateral surface of a small percent 
of left kidneys. This altered shape is believed to 
be the result of pressure from the spleen above 

this area molding the kidney during develop-
ment, making the mid portion below the spleen 
bulge out. It is very rarely seen on the right mid 
kidney and in that case believed to be molding 
from the adjacent liver. This normal variant 
involves a bulging of the mid left lateral kidney 
contour; however, uniformity of the parenchy-
mal thickness should be preserved (Fig.  5.20 ). 
The echotexture of the cortex of the bulge should 
also be unchanged from adjacent tissue. Any 
bulge in this location which distorts the paren-
chymal thickness or is varied in echogenicity 
compared to adjacent tissue should be consid-
ered pathologic.  

 Hypertrophied columns of Bertin are exten-
sions of renal cortical tissue protruding deeply into 
the renal sinus. These columns are always located 
in between medullary pyramids and have the same 
echotexture as adjacent renal cortex (Fig.  5.21 ).  

  Fig. 5.14       ( a ) CT demonstrating two large caliceal stones 
in the right kidney (arrows). ( b ) Same stones on a plain 
radiograph. The stone is seen to be a partial staghorn cal-
culus ( arrow ). ( c ) Ultrasound of the stone demonstrating 

bright leading edge (top three arrows) with posterior 
acoustic shadowing (bottom arrow) making it dif fi cult to 
determine the three-dimensional structure of the stone       
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 Junctional defects are areas of discontinu-
ity in the parenchymal rim found most com-
monly in the anterior superior portion of the 
right kidney. They can rarely be seen on the 
posterior-inferior portion of the right kidney. 
The defect has a hyperechoic appearance, 

indents the renal surface slightly, and runs 
from edge of renal capsule to the renal sinus. 
It is often triangular in shape (Fig.  5.22 ). It is 
believed to be the result of an incomplete 
fusion of the upper and lower pole parenchy-
mal masses during embryologic development. 

  Fig. 5.15    ( a ) The characteristic shadow of bowel gas in 
the transverse colon shows a hyperechogenic focus cor-
responding to air bubbles in the bowel contents ( open 

arrows ) and a tracking black shadow of mixed echogenic-
ity ( closed arrows ). ( b ) Bowel gas (top arrow) with dark 
posterior acoustic shadowing (bottom two arrows)       
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It can be confused with a cortical scar. The 
hyperechoic junctional defect should commu-
nicate with the renal sinus, whereas cortical 
scars tend to occur over medullary pyramids 
and do not reach the sinus.  

 Persistent fetal lobulation (Fig.  5.23 ) appears 
as bulges in the capsular surface over the 
medullary pyramids and depressions of the 
surface in between the pyramids. The cortex 
is otherwise normal in thickness and uniform 
in echogenicity. This is a developmental vari-
ant of normal.   

   Renal Cysts 

 Renal cysts are extremely reliably imaged with 
ultrasound. A simple cyst is required to have three 
 fi ndings: (1) cyst contents are anechoic; (2) cyst 
walls are thin, smooth, and well de fi ned; and (3) 
there is posterior acoustic enhancement beyond 
the cyst. The Bosniak classi fi cation was devel-
oped for describing renal cysts on CT scans but is 
often extended to describing cysts seen on ultra-
sound examinations  [  19,   20  ] . The Bosniak I renal 
cyst is a simple cyst as described above (Fig.  5.24 ). 

  Fig. 5.16    Edging artifact 
(arrows) seen on the 
trailing edge of a renal cyst       

  Fig. 5.17    Echoes within 
this renal cyst represent the 
side lobe artifact ( white 
arrows ). The time gain 
compensation curve (TGC) 
could be adjusted to 
minimize this artifact       
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Bosniak II has small calci fi cations or thin septa-
tions or internal echoes (Fig.  5.25 ). Bosniak III 
contains thick calci fi cations, solid nodules, or 
thick septations (Fig.  5.26 ). Bosniak IV is a solid 
mass lesion with some cystic areas (Fig.  5.27 ). A 
renal ultrasound lacks the resolution to identify 
 fi ne abnormal features which would upstage a 
cyst from Bosniak I to Bosniak II. Furthermore, 
ultrasound will not demonstrate enhancement 

which is a key element of the Bosniak classi fi cation 
system (Table  5.1  Bosniak cysts).       

   Renal Scars 

 Parenchymal scarring appears as a sharp depres-
sion in the outline of the kidney. Scars are always 
located over renal pyramids. The cortical thickness 

  Fig. 5.18    Parapelvic cysts 
(bottom two arrows) with 
long axes which point 
between medullary 
pyramids (top arrow)       

  Fig. 5.19    The long axis 
( yellow line ) of the 
hypoechoic pelvis and 
infundibulum points to a 
medullary pyramid ( white 
arrows )       
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  Fig. 5.20    Dromedary hump (arrow). The thickness of the renal parenchyma remains constant in dromedary hump       

  Fig. 5.21    Hypertrophied column of Bertin ( white arrows ). Note the tissue of normal renal parenchymal echogenicity 
extending into the renal sinus       
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is dramatically reduced or gone altogether at the 
scar. Figure  5.28  demonstrates a renal cortical 
scar.   

   Medical Renal Disease 

 Evidence of medical renal disease may be evi-
dent on renal ultrasound in several ways. Some 
medical renal disease causes the renal paren-
chyma to become hyperechoic. The normal cor-
tex should be hypoechoic or iso-echoic to the 
liver. The increase in echogenicity is believed to 
be the result of increased collagen deposition 

common to most medical renal parenchymal 
 diseases  [  10  ] . Some medical renal disease also 
causes loss of renal mass (Fig.  5.29 )  [  21  ] . 
Parenchymal thickness and renal size decrease 
with age  [  10,   22,   23  ]  (Table  5.2 ).    

   Renal Masses 

 Renal ultrasound has a role as an adjunct to cross-
sectional imaging with CT and MRI for the man-
agement of renal masses. Ultrasound is not as 
sensitive as CT or MRI at initially detecting or 
characterizing renal masses. However, ultrasound 
can be very helpful in ongoing surveillance of 
known masses. The dangers of repeated ionizing 
radiation from CT scan is beginning to gain rec-
ognition  [  24–  26  ] . When the size of a renal mass 
is the only variable being monitored, ultrasound 
is an attractive alternative to ionizing imaging 
studies for serial observation.  

   Intraoperative Ablation 

 Ultrasound is a standard intraoperative tool for 
guiding ablative renal therapies. Traditional extra-
corporeal or intracorporeal laparoscopic ultrasound 
imaging can be used in real time to guide accurate 
placement of probes for cryotherapy or radiofre-
quency ablation of renal masses. During partial 
nephrectomy ultrasound can be used to con fi rm the 

  Fig. 5.22    Junctional 
defect with apparent 
invagination of perinephric 
fat ( arrow )       

  Fig. 5.23    The fetal kidney has 12–15 segments. The 
shape sometimes persists to adulthood as fetal lobulations 
( arrows )       
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  Fig. 5.24    Simple cyst (Bosniak I). Note the anechoic interior, bright back wall ( arrow ), and the increased posterior 
enhancement ( arrow heads )       

  Fig. 5.25    Bosniak II cyst, in this case with irregular shape and thickened posterior wall       
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absence of blood  fl ow following vascular occlusion 
and may be useful in selective vascular mapping.  

   Angiomyolipomas 

 Renal ultrasound is an excellent imaging study for 
con fi rming the diagnosis of fat-containing angio-
myolipomas (AML) of the kidney. Figure  5.30  is an 
example of the typical hyperechoic appearance of a 
fat-rich AML. Size is the main criteria for surgical 
intervention. Ultrasound is an excellent imaging 
modality for following these lesions over time.   

   Stones 

 As mentioned previously, ultrasound does not 
give the complete two-dimensional visualization 
of stones in the way that plain  fi lms or CT scans 
do. For evaluation of acute renal colic, ultrasound 
compares well with stone-protocol CT scan in 
sensitivity and speci fi city when hydronephrosis is 
present, but less well without dilation  [  27–  31  ] . 

 Ultrasound is not as helpful as CT in diagnos-
ing alternate causes of abdominal pain with the 
exception of gallstones. Furthermore, in most 
hospitals in the United States, CT is more readily 
available in the ER setting than is ultrasound. 

Ultrasound quality is also more variable depend-
ing on patient body habitus and sonographer skill 
level. Thus most cases of acute renal colic in the 
United States are initially imaged with spiral CT. 
Regardless of initial imaging study, ultrasound is 
an excellent clinical tool for subsequent follow-
up. Stones are reliably seen in the kidney at sizes 
of 5 mm and up. Stones in the upper and mid ure-
ter are usually dif fi cult to visualize directly, but if 
causing hydronephrosis can be assumed to per-
sist if the hydronephrosis remains. 

 Of fi ce ultrasound is quite useful for managing 
these patients with renal or ureteral calculi in the 
of fi ce setting  [  32  ] . 

 Patients frequently do not recover small 
stones and renal colic can be episodic in nature. 
Thus it can be dif fi cult to determine if a stone 
has passed. A targeted of fi ce ultrasound can 
quickly establish persistence or resolution of 
hydronephrosis and the presence or absence of 
an ipsilateral ureteral jet. It may require 
extended observation of the ureteral ori fi ces 
before it can be concluded that a ureteral jet is 
absent. Distal stones can often be directly 
imaged posterior to the bladder or in the intra-
mural portion of the distal ureter. Such infor-
mation will aid in formulating the appropriate 
treatment plan. Patients with resolution of the 
hydronephrosis can be reassured their stone 
has likely passed. Those with persistent hydro-
nephrosis can be scheduled for intervention or 
follow-up visits after further observation.  

   Hydronephrosis 

 Renal ultrasound has a sensitivity of 98% for the 
detection of hydronephrosis  [  33  ] . In the hands of 
the urologist, ultrasound is a useful tool for moni-
toring hydronephrotic disease processes. The sur-
geon who repaired the UPJ obstruction, performed 
the ureteral reimplant, or treated the ureteral 
stricture can use ultrasound with a high degree of 
con fi dence that hydronephrosis will be demon-
strated if present. Ultrasound has been shown to 
be an effective tool for surveillance of ureteral 
strictures after endoscopic stone surgery  [  34  ] . 
The classi fi cation of hydronephrosis is summa-
rized in Table  5.3   [  35  ] .   

  Fig. 5.26    Bosniak III cyst demonstrating a thick mural 
nodule ( arrow ) within the cyst       
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  Fig. 5.27    Bosniak IV cyst demonstrating a solid mass ( arrows ) with hypoechogenic cystic components       

   Conclusion 

 Familiarity with the patient’s history, symptoms, 
and prior imaging improves the urologist’s ability 
to derive valid conclusions from ultrasound imag-
ing. In-of fi ce ultrasound is a useful adjunct to more 

quickly move patients along their treatment path. 
Ultrasound for the evaluation of renal calculus will 
likely increase in use as the public becomes more 
cognizant of the long-term risks of imaging using 
ionizing radiation. Ultrasound offers signi fi cant 
cost savings compared to CT and MRI.      

   Table 5.1    The Bosniak renal cyst classi fi cation system  [  20  ]    

 Category  Description 

 I  A benign simple cyst with a hairline thin wall that does not contain septa, calci fi cations, or solid 
components. It measures water density and does not enhance 

 II  A benign cyst that may contain a few hairline thin septa in which “perceived” a  enhancement may be present. 
Fine calci fi cation or a short segment of slightly thickened calci fi cation may be present in the wall or septa. 
Uniformly high-attenuation lesions <3 cm (the so-called high-density cysts) that are well marginated and do 
not enhance are included in this group. Cysts in this category do not require further evaluation 

 IIF  (F for follow-up) Cysts that may contain multiple hairline thin septa or minimal smooth thickening of their 
wall or septa. Perceived enhancement of their septa or wall may be present. Their wall or septa may contain 
calci fi cation that may be thick and nodular, but no measurable contrast enhancement is present. These 
lesions are generally well marginated. Totally intrarenal nonenhancing high-attenuation renal lesions >3 cm 
are also included in this category. These lesions require follow-up studies to prove benignity 

 III  “Indeterminate” cystic masses that have thickened irregular or smooth walls or septa in which measurable 
enhancement is present. These are surgical lesions; although some will prove to be benign (e.g., 
hemorrhagic cysts, chronic infected cysts, and multiloculated cystic nephroma), some will be malignant, 
such as cystic renal cell carcinoma and multiloculated cystic renal cell carcinoma 

 IV  These are clearly malignant cystic masses that can have all the criteria of category III but also contain 
enhancing soft-tissue components adjacent to, but independent of, the wall or septum. These lesions 
include cystic carcinomas and require surgical removal 

   a Not measurable enhancement—see text for details  
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  Fig. 5.29    Small hyperechogenic kidney (arrows) as a result of medical renal disease       

  Fig. 5.28    Renal cortical scarring appears as a sharp depression ( arrow ) in the outline of the kidney usually overlying a 
calyx       

   Table 5.2    Effect of renal disease on sonographic appearance of the kidney  [  36  ]    

 Disease process  Echogenicity  Cortex  Renal size 

 Diabetic glomerulonephropathy  Normal/increased  Preserved  Enlarged 
 Renovascular disease  Increased  Thinned  Decreased 
 Obstructive uropathy  Increased  Thinned  Decreased 
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   Normal Ultrasound Anatomy of the 
Testis and Paratesticular Structures 

 The scrotum is separated into right and left 
hemiscrotal compartments by a septum called the 
median raphe. The normal scrotal wall thickness 
varies between 2 and 8 mm. The scrotal wall 
 contains the following structures: rugated skin, 
super fi cial fascia, dartos muscle, external sper-
matic fascia, cremasteric fascia, and internal 
spermatic fascia. These layers are indistinguish-
able on a normal clinical exam. The tunica vagi-
nalis consists of parietal and visceral layers 
normally separated by 2–3 mL of straw-colored 
 fl uid often referred to as a physiologic hydrocele. 
On ultrasound this  fl uid is often seen as a thin 
anechoic rim around the head of the epididymis 
 [  1  ] . The parietal and visceral layers join at the 
posterolateral aspect of the testis where the tunica 
attaches to the scrotal wall  [  2  ] . 

 The testes descend into the scrotum at approxi-
mately the 28th week of gestational age through 
the inguinal canal along with the processus 

vaginalis. The processus vaginalis gradually closes 
through infancy and early childhood. The size and 
shape of the testis change with the age. Gonadal 
hormones in fl uence testicular size in early life. 
Testicular volume gradually rises from birth to 
5 months of age due to a peak in gonadotropic 
hormones  [  3,   4  ] . After the age of 5 months, the 
testicular volume steadily declines and reaches its 
minimum volume at approximately 9 months of 
age and remains approximately the same size until 
puberty  [  5  ] . The testis is rounded in newborns and 
gradually becomes ovoid with growth. The echo-
genicity of the testis increases in puberty due to the 
development of germ cell elements  [  6  ] . 

 The adult testis is a smooth ovoid gland, 
approximately 4–5 cm long, 3 cm wide, 2–3 cm in 
the anterior–posterior (AP) dimension, and typi-
cally between 20 and 30 mL in volume. The testis 
exhibits medium homogenous echogenicity. 
A dense  fi brous capsule, the tunica albuginea, 
envelops the testis, which is apparent as a thin 
echogenic line on ultrasound. The testis has 
approximately 250–400 conical lobules, which 
comprises seminiferous tubules and are separated 
by  fi brous septa of tunica albuginea that extend 
from the mediastinum of the testis into the paren-
chyma of the testis  [  7  ] . Testicular lobules are occa-
sionally identi fi ed on ultrasound as lines radiating 
from the mediastinum testis (Fig.  6.1 ). The semi-
niferous tubules contained within the lobules open 
into dilated spaces called rete testis within the 
mediastinum. The seminiferous tubules are long 
V-shaped tubules, both ends of which usually ter-
minate in the rete testis (Fig.  6.2 ). The rete testis is 
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connected to the head (caput or globus major) of 
the epididymis with about 8–12 efferent ductules. 
The normal rete testis is sonographically evident 
in 18% of patients as a hypoechoic area with a stri-
ated con fi guration adjacent to the mediastinum 
testes  [  8  ] . The septa and mediastinum testes may 
appear as linear echogenic areas on ultrasonogra-
phy  [  1  ]  (Fig.  6.3 ).    

 The adult epididymis is 6–7 cm long and has three 
parts, the head (caput) measuring 10–12 mm in diam-
eter, the body (corpus) measuring 2–4 mm in diam-
eter, and the tail (cauda) about 2–5 mm in diameter. 
In the normal epididymis, the head is routinely 
identi fi ed located posterolateral to the upper pole of 

the testis. The caput epididymis is triangular in shape, 
often has the same echogenicity as the testis (Fig.  6.4 ). 
However, it can be heterogeneous with areas that are 
hyper or hypoechoic. The smaller corpus epididymis 
can be seen as a hypoechoic structure containing 
multiple echogenic linear structures representing the 
coiled epididymal tubule and lies posteriorly along 
the long axis of the testis.  

 The testicular appendages are the remnants of 
the mesonephric and paramesonephric ducts. 
There are four testicular appendages: the appen-
dix testis, the appendix epididymis, the vas aber-
rans, and the paradidymis (Fig.  6.5 ). The appendix 
testis and the appendix epididymis are commonly 
seen on scrotal ultrasound  [  9  ] .  

 The appendix testis (hydatid of Morgagni) is a 
small ovoid structure usually at the upper pole of 
the testis in the groove between the testis and the 
epididymis, better seen in the presence of  fl uid 
around the testis. The appendix testis is the vesti-
gial remnant of the paramesonephric (Müllerian) 
duct (Fig.  6.6 ).  

 The appendix epididymis originates from the 
mesonephric (Wolf fi an) duct and is seen associ-
ated with the epididymal head on ultrasound 
images (Fig.  6.7 ).  

 The spermatic cord is normally seen superior to 
the posteromedial aspect of the testis and contains 
the vas deferens, the testicular and cremasteric 

  Fig. 6.1    Normal adolescent testis showing testicular lob-
ules separated by  fi brous septa ( arrows )       

  Fig. 6.2    Schematic cross section of the testis showing testicular lobules, seminiferous tubules, rete testis, and mediasti-
num testis       
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and deferential arteries, the pampiniform plexus of 
veins, genital branch of the genital femoral nerve, 
testicular plexus of the sympathetic trunk, and 
lymphatic vessels  [  7  ]  (Fig.  6.8 ).  

 The blood supply to the scrotal structures is from 
the three primary arteries (Fig.  6.9 ). The testis is 
supplied by the gonadal artery or testicular artery, 
which arises from the aorta and courses through the 
scrotum with the spermatic cord.    The deferential 
artery, which arises from the superior vesical artery, 
supplies the vas deferens and epididymis. The cre-
masteric artery, a branch of the inferior epigastric 
artery, supplies the scrotal sac and coverings of the 
spermatic cord. The veins draining the testis and 
epididymis converge to form the pampiniform 
plexus at the mediastinum on the superior pole of 
the testis. The pampiniform plexus is primarily 
drained by the testicular and external pudendal 
veins  [  10  ] . The testicular vein has no valves.  

 Color  fl ow imaging can provide visual assess-
ment of intratesticular and epididymal  fl ow. 
Testicular vessels are noted to have a low imped-
ance pattern on duplex Doppler with high levels of 
diastolic  fl ow, re fl ective of the low vascular resis-
tance of the testis. Power Doppler scanning is valu-
able because of its increased sensitivity to low  fl ow 
and its independence from Doppler angle correc-
tion. Occasionally, it may be dif fi cult to visualize 
intratesticular  fl ow in the prepubertal testes, but 
capsular vessels are easy to identify. The resistive 
index of the intratesticular arteries decreases with 

age  [  1,   11  ] . Diastolic arterial  fl ow may not be 
detectable in normal testes with volumes of 4 cm 3  or 
less. The RI of the testicular parenchymal arteries is 
typically equal to 1.0 due to undetectable diastolic 
arterial  fl ow in smaller testes. Signi fi cant differences 
in mean RI between prepubertal and postpubertal 
testes has been reported  [  11  ] .  

   Scanning Protocol and Technique 

 The patient is examined in the supine position. 
There are several different techniques to support 
the scrotum. The easiest is to use the patient’s 
legs for support. Other approaches use towels 
placed across the patient’s thighs or under the 
scrotum. The phallus is positioned up on the 
pubis held by the patient and/or covered by a 
towel (Figs.  6.10  and  6.11 ).   

   Transducer Selection 

 High-frequency (7.5–18 MHz) linear array trans-
ducers are most often used for scrotal scanning. 
Broad bandwidth transducers allow for multiple 
focal zones, eliminating the need for adjustment 
during the examination. Multiple frequency trans-
ducers allow the transducer to be set at one of sev-
eral distinct frequencies. A linear array probe with 
a “footprint” able to measure the longitudinal 
length of testis is ideal. A curved array probe can 

  Fig. 6.3    The mediastinum testes appear as linear echo-
genic areas on ultrasonography ( arrow )       

  Fig. 6.4    The caput epididymis is  triangular  in shape (E) 
and is usually either isoechoic or slightly hypoechoic 
when compared to the testis       
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  Fig. 6.5    Testicular appendages: appendix testis 
(Müllerian remnant) and the appendix epididymis and 
paradidymis (Wolf fi an remnant). There are also the cra-

nial (originates from body of epididymis) and caudal 
(originates from tail of epididymis) vas aberrans not 
shown in this  fi gure       

  Fig. 6.6    Appendix testis is a small ovoid structure typically 
identi fi ed in a groove between the upper pole of the testis 
and the epididymis. It is better appreciated with hydrocele       

  Fig. 6.7    Appendix epididymis ( arrow ) is nicely visual-
ized when a small hydrocele is present. Differentiating an 
appendix epididymis from an appendix testis often 
requires the sonographer to visualize the origin of the 
structure in real time       
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be used with a thickened scrotal wall or in the 
presence of scrotal edema or for large testis. The 
curved array transducer is also useful to compare 
echogenicity of the testes. However, the frequency 
is usually lower, resulting in a less detailed image. 
Color and spectral Doppler are essential elements 
of a complete scrotal ultrasound because they pro-
vide documentation of normal testicular blood 
 fl ow and paratesticular  fi ndings.  

   Survey Scan 

 Evaluation of the scrotal contents is begun with a 
longitudinal survey scan, progressing medial to 
lateral to get an overall impression of the testis 
and paratesticular structures. The standard orien-
tation of the image should be with the superior 
pole to the left and the inferior pole to the right on 
the monitor screen. If the testis is larger than the 
footprint of the transducer views of the superior 
and inferior portions of the testis including the 
epididymis in these regions, it should be docu-
mented. At least one image should visualize both 
testes to document the presence of two testes. 

 The transverse view is obtained by rotating the 
transducer 90°. The standard orientation for the 
right testis is to have the lateral aspect to the left 
and the medial aspect to the right. Conversely, for 
the left testis, the lateral aspect should be to the 

  Fig. 6.8    Spermatic cord and paratesticular structures. 
The spermatic cord contains the vas deferens, the testicu-
lar and cremasteric and deferential arteries, the pampini-
form plexus of veins, genital branch of the genital femoral 
nerve, testicular plexus of the sympathetic trunk, and lym-
phatic vessels       

  Fig. 6.9    Blood supply of testis. The testis is supplied by 
three sources of blood supply:  1 . the testicular artery, 
which arises from the aorta;  2 . the deferential artery, which 
arises from the superior vesical artery; and  3 . the cremas-
teric artery, a branch of the inferior epigastric artery       

  Fig. 6.10    Patient is placed in a supine position with 
towel placed under scrotum       
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right and the medial aspect to the left. Using the 
mid-testis as a starting point of the survey scan, 
one should proceed  fi rst toward the superior pole 
then back to the mid-testis before scanning to the 
inferior pole. Measurements of width and AP 
dimensions are taken and documented at the mid-
testis. A measurement should also be made of the 
long axis at the mid-testis together with the mid-
transverse AP measurement. If the equipment 
being used has split-screen capabilities, compara-
tive views of echogenicity and blood  fl ow can 

easily be made and documented (Figs.  6.12 ,  6.13 , 
 6.14  and  6.15 ).     

 The use of color Doppler imaging should be 
considered an integral part of the scrotal ultra-
sound exam. Many in fl ammatory, neoplastic, and 
even benign conditions have characteristic  fl ow 
patterns that can assist in diagnosis.  

   Color and Spectral Doppler 

 Color and spectral Doppler is an invaluable compo-
nent of the scrotal US examination. There is an 
expanding literature suggesting that these modali-
ties might be a noninvasive indicator of testicular 
function. Biagiotti et al. provided data suggesting 

  Fig. 6.11    Patient position with phallus support. The 
phallus is positioned up on the pubis held by the patient       

  Fig. 6.12    Longitudinal view. Measurement should be 
made of the long axis at the mid-testis       

  Fig. 6.13    Longitudinal schematic view       

  Fig. 6.14    Transverse view, mid-transverse anterior–
posterior measurement should be documented       
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that RI and PSV were better predictors of dyspermia 
than FSH and testicular volume  [  12  ] . In a compan-
ion study they demonstrated that RI and PSV can 
differentiate obstructive azoospermia (OAS) from 
nonobstructive azoospermia (NOS)  [  12  ] . 

 It is often dif fi cult to interrogate intratesticular 
vessels when the intratesticular microcirculation 
is impaired. Unsal et al.  [  13  ]  provided data sup-
porting interrogation of the capsular vessel and 
capsular branches in lieu of the intratesticular 
vessels. They found that RI of both capsular ves-
sel and capsular branches could serve as indica-
tors of impaired testicular microcirculation. 
Pinggera et al.  [  14  ]  examined semen quality and 
the RI of intratesticular arteries in 160 men. Of 
interest, their study indicated that 80 with a nor-
mal sperm count had an RI of 0.54  +  0.05 while 
the 80 with impaired sperm counts had a statisti-
cally higher RI of 0.68  +  0.06. In addition, Balci 
et al.  [  15  ]  demonstrated that a decrease in RI, 
suggestive of an improved testicular microcircu-
lation, was found after varicocele repair in 
patients with improvements in semen quality.   

   Documentation 

 The written report and archived images are a 
re fl ection of the quality of the examination. The 
old adage “If it’s not documented, it wasn’t done” 
should guide the sonographer in developing a 
quality report. The static images obtained during 
the evolving ultrasound exam should represent 
the sonographer’s impression of the  fi ndings. If 
electronic storage space is available and the 
equipment allows, video clips, which demon-
strate important  fi ndings, can and should be 

obtained. A quality report can aid in diagnosis 
and is therefore in the best interest of patients. 

 An earlier chapter on documentation provides 
examples of a template for documenting the scro-
tal ultrasound examination. In addition to the 
measurements and anatomical  fi ndings of the 
exam, it is essential to include patient identi fi cation 
information, the exam date, and the indications 
for performing the exam. The physician who per-
formed the exam should sign the report. 

 Images should be attached to the report. Each 
image should include the date, the time, patient 
identi fi cation, and the transducer used and its fre-
quency. The area of interest should be clearly 
identi fi ed. The orientation and measurements 
should be clearly labeled along with the pertinent 
anatomy and any abnormalities. There is no min-
imum number of images that are required for 
proper documentation. It is the best practice to 
provide images that depict the measurements 
being taken and the pathology being described. It 
is also essential, when two testes are present, to 
document this on a single image that shows both 
testes. This image also provides the best com-
parison of echogenicity between the two testes.  

   Indications 

 There are many speci fi c indications for scrotal 
ultrasound (Tables  6.1  and  6.2 ). Scrotal ultra-
sound is also performed when the physical exam-
ination is inconclusive or dif fi cult to complete (or 
both) because of patient discomfort or inability 
of the examiner to precisely identify the scrotal 
structures on palpation. In these instances the 
scrotal ultrasound examination is an integral part 

  Fig. 6.15    Transverse 
schematic view       
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of the physical examination of the male genitalia. 
In other situations, ultrasound evaluation is essen-
tial to diagnosis and treatment and well supported 
in the literature.   

 The indications listed are based primarily on 
clinical experience and/or evidence obtained from 

case series and rarely from comparative series 
with historical controls. In other words the deci-
sion on whether or not to obtain imaging is discre-
tionary and not informed by a strong or clear body 
of evidence. “Appropriateness” criteria are desir-
able and high-level evidence-based studies are 
required in order to determine appropriateness. 
Part of the work of urologic imaging research in 
the future should look to assess the limitations of 
the current literature and then create an evidence 
base that will de fi ne the value of the imaging ser-
vices critical to the practice of urology  [  16,   17  ] . 
Other specialty societies have begun the process 
of developing appropriateness criteria in a rigor-
ous way in response to concerns about the use and 
misuse of imaging  [  18  ] . These efforts generate a 
more precise application of medical discoveries 
including advanced imaging technology.  

   Abnormal Ultrasound Findings 

   Scrotal Wall Lesions 

 Palpation of the scrotal contents can be dif fi cult 
in patients with a thickened scrotal wall or scrotal 
wall edema or retracted scrotum. Scrotal ultra-
sound is particularly useful in the evaluation of 
the scrotal contents in these patients. 

   Nonin fl ammatory 
 Acute idiopathic scrotal edema (AISE) is a self-
limited disease of unknown origin. It presents 
with unilateral or bilateral scrotal swelling with-
out pain and associated with unilateral or bilat-
eral inguinal lymphadenopathy. It is thought to 
be a variant of angioneurotic edema, often asso-
ciated with eosinophilia. Physical examination 
 fi ndings include scrotal skin swelling and ery-
thema also extends to the inguinal and perianal 
area. AISE is a diagnosis of exclusion. The char-
acteristic ultrasound  fi ndings for AISE, including 
edema of the scrotal wall with hypervascularity 
and compressibility, and enlargement of the 
inguinal lymph nodes with normal testis and 
epididymis  [  19,   20  ]  (Fig.  6.16 ).  

 The other nonin fl ammatory causes of scrotal 
wall edema include congestive heart failure, renal 

   Table 6.1    Indications for scrotal ultrasound   

 Assessment of scrotal mass 
  a. Scrotal wall lesions 
   1. Nonin fl ammatory 
    a. Acute idiopathic scrotal wall edema (AISE) 
    b. Anasarca 
    c. Neoplastic 
     i Squamous cell carcinoma of the scrotum 
   2. In fl ammatory 
    a. Cellulitis/scrotal wall abscess 
    b. Fournier’s gangrene 
    c. Miscellaneous scrotal lesions 
    d. Epidermoid cysts of the scrotal wall 
    e. Pseudotumor of the scrotum 
  b. Extratesticular lesions 
   1. Varicocele 
   2. Hydrocele 
   3. Hematocele/pyocele 
   4. Inguinal hernia 
   5. Tumors of the spermatic cord 
   6. Epididymal lesions 
     a. Benign epididymal lesions 
           i. Epididymo-orchitis 
         ii. Sperm granuloma 
        iii. Epididymal cysts 
         iv. Spermatocele 
          v. Appendix epididymis 
         vi. Adenomatoid tumor 
       vii. Papillary cystadenoma 
      viii. Leiomyoma 
     b. Malignant epididymal lesions 
        i. Sarcoma of the epididymis 
      ii. Clear cell carcinoma of the epididymis 
  c. Testicular Lesions 
    i. Benign lesions of the testis 
   ii. Malignant lesions of the testis 
 2. Evaluation of male infertility 
  1. Varicocele 
  2. Impaired semen quality and azoospermia 
  3. Antisperm antibodies 
  4. Testicular atrophy 
 3. Testicular trauma 
 4. Torsion 
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failure, anasarca, hepatic failure, cirrhosis, neph-
rotic syndrome, and poor nutritional status. 

 The scrotal wall appears thickened in chronic 
venous or lymphatic obstruction secondary to 
 fi lariasis, radiation, trauma, and surgery. 

 The scrotal ultrasound demonstrates scrotal 
wall thickness with layers of alternating hypo- 
and hyperechogenicity  [  21  ] .  

   In fl ammatory 
   Cellulitis/Scrotal Wall Abscess 
 Patients who are diabetic or immunocompromised 
are more susceptible to infection and scrotal wall 
cellulitis or abscess. The ultrasonography demon-
strates thickening of the subcutaneous tissue and 
heterogeneity with increased blood  fl ow on color 
Doppler study. The scrotal wall abscess appears 
on ultrasound as a well-de fi ned mass with irregu-
lar hypoechoic lesion within the scrotal wall and 
no Doppler  fl ow within the mass  [  1  ] .  

   Fournier’s Gangrene 
 Fournier’s gangrene is a polymicrobial rapidly 
progressing necrotizing fasciitis which com-
monly involves perineum and genital regions. 
Fournier’s gangrene is a urologic emergency 
with mortality up to 50%  [  22,   23  ] . Computer 
tomography remains the imaging modality of 
choice  [  24  ] . However, ultrasonography can 
provide valuable clues at the time of initial pre-
sentation. Ultrasonography shows marked 
thickening of the scrotal skin with multiple 
hyperechoic foci associated with shadowing, 
which are consistent with the presence of sub-
cutaneous gas and is characteristic of Fournier’s 
gangrene  [  25  ] .  

   Miscellaneous Scrotal Skin Lesions 
 Henoch-Schonlein purpura (HSP) is a systemic 
vasculitis of unknown origin. It is characterized 
by a palpable skin rash, abdominal pain, and pol-
yarthralgia. HSP has been reported to have scro-
tal wall swelling and ecchymosis in up to 38% of 
cases  [  26  ] .  

   Epidermoid Cysts of the Scrotal Wall 
 Epidermoid cysts (also called follicular 
infundibular cysts, epidermal cysts, or epider-
mal inclusion cysts) are the most common 
cutaneous cysts of the scrotal wall. Epidermoid 
cysts result from the proliferation of epidermal 
cells within a circumscribed space of the der-
mis. The source of this epidermis is nearly 
always the infundibulum of the hair follicle 
 [  27  ] . These cysts may become infected and 
form scrotal wall abscesses.  

  Fig. 6.16    Acute idiopathic scrotal wall edema: gray-
scale ultrasound shows edema and diffusely thickened 
scrotal wall       

   Table 6.2    Ultrasound characteristics of nonneoplastic intratesticular masses   

 Intratesticular lesion  Ultrasound  fi ndings 

 Simple testicular cyst  Well-circumscribed, anechoic, increased through transmission 
 Epidermoid cyst  Classic appearance: an onion ring due to alternating layers of 

hypoechogenicity and hyperechogenicity 
 Tubular ectasia of the rete testis (TERT)  Avascular cystic dilations in the rete testis 
 Intratesticular varicocele  Anechoic, tortuous structure with a venous waveform on Doppler 

color  fl ow study 
 Tunica albuginea cyst  Cyst at upper or lateral margin of testis, may be clinically palpable 
 Testicular hematoma  Avascular hyperechoic lesion within the testicular parenchyma 
 Congenital testicular adrenal rests  Bilateral hypoechoic or hyperechoic lesions with or without posterior 

acoustic shadowing 
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   Pseudotumor of the Scrotum 
 Scrotal  fi brous pseudotumors are uncommon and 
are thought to be reactive, benign lesions. They are 
the second most common paratesticular mass, after 
adenomatoid tumor, and they may mimic a malig-
nancy clinically. The sonographic appearance of the 
 fi brous pseudotumor of the scrotum is variable 
depending on the contributing  fi brous tissue com-
ponents, the presence or absence of calci fi cation, 
and the scrotal structure involved  [  28  ] . 

 The pseudotumor of the scrotum is a benign 
condition; local excision of the mass is the treat-
ment of choice  [  29  ] . However, preoperative diag-
nosis is seldom made in these patients due to the 
nonspeci fi c clinical and sonographic  fi ndings.   

   Scrotal Wall Malignant Lesions 
 Squamous cell carcinoma (SCC) of the scrotum is an 
uncommon neoplasm. SCC is associated with occu-
pational exposure in chimney sweepers and workers 
in the oil and chemical industries. It is also associated 
with exposure to radiation, HPV, and with immune-
related conditions such as psoriasis  [  30  ] . 

 The literature concerning scrotal SCC is lim-
ited. Ultrasound evaluation of these lesions is not 
well de fi ned.   

   Extratesticular Lesions 

   Scrotal Hernia 
 Congenital inguinal hernia is due to failure of the 
processus vaginalis to obliterate which results in 
passage of intestinal loops or omentum or perito-
neal  fl uid in the scrotal sac  [  7,   31,   32  ] . Right ingui-
nal hernias are more common as the right processus 
vaginalis closes later. Scrotal ultrasound can be 
helpful in cases of inconclusive physical examina-
tion. Clinically occult contralateral hernia can be 
assessed with ultrasound  [  33  ] . Patients with a scro-
tal hernia usually present with mesenteric fat and/or 
bowel loops seen superior to the testis. Real-time 
imaging studies can demonstrate peristaltic activity 
or bowel motion or intestinal gas bubbles with 
their characteristic echogenic interfaces. Gray-scale 
ultrasound shows characteristic  fi ndings including 
highly echogenic fat suggestive of an omental her-
nia  [  33  ]  (Figs.  6.17 ,  6.18  and  6.19 ).     

   Hydrocele 
 Hydrocele is the most common cause of pain-
less scrotal swelling. A hydrocele is a serous 
 fl uid collection between the parietal and vis-
ceral layers of the tunica vaginalis. The tunica 
vaginalis is a mesothelium-lined sac that results 
from closure of the superior portion of the pro-
cessus vaginalis. This fascial structure nor-
mally covers the entire testis except the 
posterior border. It has a visceral layer and an 
outer parietal layer that lines the internal sper-
matic fascia of the scrotal wall. Hydroceles can 
be congenital or acquired. The congenital 

  Fig. 6.17    Gray-scale ultrasound shows characteristic 
 fi ndings of highly echogenic omental fat suggestive of 
omental hernia       

  Fig. 6.18    Color Doppler study showing no increased 
blood  fl ow to the inguinal hernia       
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hydrocele or communicating hydrocele occurs 
when a patent processus vaginalis allows  fl uid 
to pass from the peritoneal space into the scro-
tum  [  34  ] . The acquired hydrocele may be idio-
pathic with no identi fi able cause. The incidence 
of hydroceles is about 1% of adult males. 
Hydroceles are usually anechoic on ultrasonog-
raphy (Fig.  6.20 ). They may contain echogenic 
cholesterol crystals. The presence of septations 
is often associated with infection, trauma, or 
metastatic disease. Hydrocele may develop 
secondary to venous or lymphatic obstruction 
caused by infection, trauma, torsion, or tumor. 
About 10% of testicular tumors are accompa-
nied by a hydrocele; clinical suspicion increases 
with new onset of hydrocele in men in their 30s 
or 40s  [  35  ] . Scrotal ultrasound is essential to 
rule out testicular pathology in these patients. 
The testis is often posteriorly displaced by the 
hydrocele. A massive hydrocele exerts a pres-
sure effect that may compromise blood  fl ow 
within the testis. Vascular resistance in intrat-
esticular arteries is increased, and color 

Doppler ultrasound may demonstrate an 
increase in the caliber of capsular arteries. 
Fluid aspiration and surgical excision of hydro-
cele sac has been shown to restore normal 
blood  fl ow to the testis  [  36  ] .   

   Hematocele/Pyocele 
 A hematocele is an accumulation of blood within 
the tunica vaginalis. Hematoceles are usually 
secondary to trauma, torsion, tumor, and surgery. 
Hematoceles often present with scrotal discom-
fort and a hard scrotal mass and history of trauma. 
The ultrasonography shows a complex heteroge-
neous appearance and may demonstrate mass 
effect with distortion of the testis  [  37  ] . 

 Pyocele is an accumulation of pus within 
the tunica vaginalis and is most often occurring 
because of untreated epididymo-orchitis. Pyoceles 
present with acute scrotal pain and symptoms of 
sepsis. A pyocele also appears heterogeneous on 
the ultrasonogram, and gas may be identi fi ed, 
causing hyperechoic re fl ections and shadowing 
 [  37  ]  (Fig.  6.21 ).   

  Fig. 6.19    Gray-scale 
ultrasound showing 
thickened hernia sac (W) 
in chronic inguinal hernia 
( arrows )       

  Fig. 6.20    Gray-scale 
ultrasound showing  fl uid 
collection in the hydrocele 
sac       
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   Tumors of the Spermatic Cord 
 Lipomas of the spermatic cord are very common 
benign tumors of the spermatic card. They can be 
unilateral or bilateral and often present an asymp-
tomatic fullness of the spermatic cord. It is impor-
tant to con fi rm that these masses do not represent 
inguinal hernias by noting the intact external 
inguinal ring on physical examination. If the 
physical examination is inconclusive, a scrotal 
ultrasound can be useful to rule out the presence 
of a hernia. 

 Rhabdomyosarcomas may occur in the sper-
matic cord in children, and liposarcoma is the 
most common malignant tumor arising in the 

spermatic cord in adults, although both are rare. 
Leiomyosarcomas in the paratesticular space also 
have been reported. The ultrasound appearance is 
an ill-de fi ned solid mass with heterogeneous 
echotexture and increased vascular  fl ow on 
Doppler color study (Fig.  6.22a, b ).   

   Epididymal Lesions 
   Benign Epididymal Lesions 
   Epididymo-orchitis 
 Epididymitis is the most common cause of sub-
acute unilateral scrotal pain in preadolescent and 
adolescent boys and adult men. On physical 
exam the epididymis can often be identi fi ed as 

  Fig. 6.21    A complex 
heterogeneous  fl uid 
collection with the tunica 
vaginalis on gray-scale 
ultrasound showing 
septations and no blood 
 fl ow noted on Doppler 
study       

  Fig. 6.22    ( a ) Leiomyosarcoma of the scrotum: gray-
scale ultrasound appearance as an ill-de fi ned solid mass 
with heterogeneous echotexture in the paratesticular space 

( M  mass,  T  testis) ( b ) Doppler color  fl ow shows increased 
vascularity within the mass       
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an enlarged and tender structure posterolateral to 
the testis. The pain is often relieved with eleva-
tion of the testis (Prehn’s sign). Epididymitis in 
boys is not rare and is mostly an in fl ammatory 
phenomenon, presumably postinfectious, with a 
benign course. Serologic titers in boys diagnosed 
with acute epididymitis are commonly positive 
for enteroviruses and adenoviruses and  M. pneu-
monia . Blunt trauma also is a potential cause of 
epididymal in fl ammation. Among sexually 
active males <35 years old, epididymitis often 
results from STDs especially  Chlamydia tracho-
matis  and  Neisseria gonorrhea . In older men 
bacterial epididymitis can result from retrograde 
transit of bacteria down the vasa. Epididymitis 
can also be congestive in nature, e.g., postvasec-
tomy. Rare infectious causes include brucellosis, 
TB, cryptococcus, syphilis, and mumps. Rare 
noninfectious causes include sarcoidosis and 
amiodarone  [  38,   39  ] . 
 The body of the normal epididymis has slightly 
decreased echogenicity as compared to its 
head. In patients with acute epididymitis, the 
epididymis is enlarged with increased vascular-
ity. Epididymitis may be focal or global, with 
enlargement and thickening of the epididymis. 
Gray-scale ultrasound demonstrates a hypoechoic 
or heterogeneous, enlarged epididymis (Fig.  6.23 ). 
The color  fl ow Doppler shows increased vascu-
larity with high- fl ow, low-resistance pattern. A 
reversal of  fl ow during diastole occurs with 
venous infarction. A reactive hydrocele is often 
present. Complications include infectious spread 

to the testis resulting in epididymo-orchitis, 
abscess formation, testicular infarction (usually 
secondary to obstruction of venous  fl ow followed 
by testicular atrophy), and chronic pain. Doppler 
ultrasound is often diagnostic (Fig.  6.24 ).   
 Patients with chronic epididymitis often present 
with persistent pain. In these men, ultrasound 
examination reveals an enlarged epididymis with 
increased echogenicity and possible areas of 
calci fi cations (Fig.  6.25 ).   

   Sperm Granuloma 
 Sperm are highly antigenic, and an intense 
in fl ammatory reaction occurs when they exit 
the vas deferens  [  40  ] . A sperm granuloma 
occur in at least 40% of postvasectomy patients 
 [  41  ] . Sperm granulomas are rarely symptomatic 

  Fig. 6.23    Epididymo-
orchitis: gray-scale image 
demonstrates enlarged and 
heterogeneous epididymis 
and testis       

  Fig. 6.24    Power Doppler ultrasound showing increased 
vascularity of the epididymis and the testis in epididymo-
orchitis       
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(about 2–3% of vasectomy patients have pain 
that can be attributed to sperm granuloma) usu-
ally occurring 2–3 weeks postoperatively  [  42  ]  
(Fig.  6.26 ).   

   Epididymal Cyst 
 An epididymal cyst is a nonpainful cystic struc-
ture that, when large, displaces the testis inferi-
orly. Cysts of the epididymis occur in up to 
40% of the men. True epididymal cysts account 
for 75% of these masses and contain lymphatic 
 fl uid. They are typically thin walled and well 
de fi ned, usually with strong posterior acoustic 
enhancement and no internal echoes. These 
cysts are frequently multiple, occurring with 
similar frequency throughout the length of the 
epididymis (Fig.  6.27 ).   

   Spermatocele 
 The spermatoceles are benign cystic lesions, 
which contain spermatozoa, lymphocytes, and 
debris. Spermatoceles form as a result of efferent 
duct obstruction and usually located in the head 
of the epididymis. Ultrasonography cannot dif-
ferentiate between epididymal cysts and sperma-
tocele, but the spermatocele often has faint 
septations (Fig.  6.28 ).   

   Appendix Epididymis and Testis 
 The appendix epididymis originates from the 
mesonephric (Wolf fi an) duct and is seen associ-
ated with the epididymal head in 6% of ultra-
sound images. Sonography is important for 
distinguishing torsion of appendix epididymis 
which is self-limiting and does not threaten tes-
ticular viability. Clinically, the cremasteric re fl ex 
is preserved and a palpable nodule with bluish 
discoloration (blue dot) is often detected. 
Ultrasound shows a hyperechoic mass with cen-
tral hypoechoic area adjacent to the testis or 
epididymis. Other associated  fi ndings include 
scrotal wall edema and epididymal enlargement. 
Blood  fl ow in the peritesticular structures may be 
increased. The appendix testis is a Müllerian 
remnant. Doppler ultrasound is helpful to exclude 
torsion of the appendix testis since blood  fl ow 
within the testis is normal in torsion of the appen-
dix testis (Fig.  6.29 ).   

   Adenomatoid Tumor 
 Adenomatoid tumors are the most commontu-
mors of the paratesticular tissues, Accounting 
for 30% of these lesions and up to 77% of the 
benign tumors arising from the epididymis. They 
are most commonly identi fi ed in men in their 
20–40s. It has been suggested that they derive 
from vascular endothelium, the mesonephros, 
or Müllerian epithelium, although most recent 
reports consider them to be mesothelial in ori-
gin  [  43  ] . They are round,  fi rm, smooth, discrete 
masses measuring 0.5–5 cm in diameter that 
are usually asymptomatic and slow growing. 
Ultrasonography can con fi rm the extratesticular 
nature of these masses. Adenomatoid tumors on 
ultrasound appears as an isoechoic mass with 
increased vascularity to the tumor (Fig.  6.30 ).   

  Fig. 6.25    Chronic epididymitis: gray-scale ultrasound 
showing increase of echogenicity and microcalci fi cations 
seen in the caput epididymis       

  Fig. 6.26    Sperm granuloma: gray-scale ultrasound 
shows hypoechoic and nonvascular mass in the 
epididymis       
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   Papillary Cystadenoma 
 Papillary cystadenoma is a rare benign tumor of epi-
thelial origin and is believed to arise from the effer-
ent ductules of the head of the epididymis  [  44  ] . 
Papillary cystadenoma presents clinically as a  fi rm, 
non-tender easily palpable mass in the epididymis. 
Two-thirds of papillary cystadenomas occur in 
patients with von Hippel-Lindau (VHL) syndrome 
and are frequently bilateral  [  45  ] . Unilateral presen-
tation is seen very rarely in sporadic cases. These 
tumors are usually solid and echogenic on ultra-
sonography when they are small and hypoechoic 
and vascular, when large; however, a cystic appear-
ance may also be seen occasionally  [  45  ] .  

   Leiomyoma 
 Leiomyomas are benign epididymal solid 
tumors. Leiomyomas can also be bilateral and 
may accompany a hydrocele. These masses are 
smooth and  fi rm and can grow to be large. The 
ultrasound appearance is a well-de fi ned solid 
mass with heterogeneous echotexture located 
in paratesticular space.   

   Malignant Epididymal Lesions 
 Malignant tumors arising from the epididymis 
are very rare when compared to benign lesions 
with a proportion of 1:3  [  46  ] . The exact incidence 

  Fig. 6.27    Bilateral epididymal cysts: gray-scale ultrasound is showing hypoechoic cystic lesions ( arrows ) with no 
internal echoes in a patient with bilateral multiple epididymal cysts       

  Fig. 6.28    Gray-scale ultrasound showing spermatocele 
with hypoechoic cystic lesion in the head of the epididymis 
( arrow )       

  Fig. 6.29    Appendix of epididymis: ultrasound shows a 
hyperechoic mass with central hypoechoic area adjacent 
to the testis or epididymis. In fl ammation of the appendix 
of epididymis is associated with hydrocele (H)       
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of malignant tumors of the epididymis is 
uncertain because of the small number of 
reported cases. 

   Sarcoma of the Epididymis 
 More than half of the malignant neoplasms of the 
epididymis are sarcomas followed in frequency 
by carcinomas  [  46  ] . Fibrosarcoma of the 
epididymis has been reported in isolated case 
reports. Dowling et al. reported  fi brosarcoma in a 
60-year-old male con fi ned to the epididymis on 
 fi nal pathology  [  47  ] . Leiomyosarcoma of the 
epididymis on ultrasound appears as a large 
hypoechoic mass (Fig.  6.31 ).   

   Clear Cell Carcinoma of the Epididymis 
 Primary clear cell carcinoma of the epididymis is 
very rare and has been reported in individual case 
reports. Kurihara et al. reported a unilateral scro-
tal mass histologically as a primary papillary 
adenocarcinoma of the epididymis with clear cell 
variant mimicking clear cell carcinoma of the 
kidney in an 82-year-old male. However, no evi-
dence of renal cell carcinoma was found on 
repeated imaging studies  [  48  ] . Histologically 
these tumors are composed of complex tubulo-
papillary formations lined by cuboidal or colum-
nar predominantly clear cells and may have large 
cysts with complex papillary glands lined by 
columnar cells with clear eosinophilic cytoplasm. 
Necrosis is common and the tumor may have 
invasive margins.     

   Testicular Lesions 

   Benign Lesions of the Testis 
   Testicular Torsion 
 Torsion occurs most frequently in adolescent 
boys, two-thirds of cases occur between 12 and 
18 years of age. Acute scrotal symptoms in young 
boys are caused by epididymitis in 70% of cases. 
Ultrasound is helpful to differentiate testicular 
torsion from other causes of acute scrotal pain. 
The severity of torsion of the testis can range 
from 180 to 720°, but complete occlusion of 
blood  fl ow is thought to occur after 450° of 
torsion  [  7  ] . Transient or intermittent torsion 
with spontaneous resolution sometimes occurs. 
Venous congestion or occlusion progresses to 
arterial occlusion, testicular ischemia, and infarc-
tion. The collateral blood  fl ow is typically not 
adequate to provide viability to the testicle if the 
testicular artery is occluded. 

 Testicular torsion can be classi fi ed as extrav-
aginal or intravaginal. The extravaginal form of 
torsion is found exclusively in newborn infants. 
Intravaginal torsion is more common and is due 
to a bell-and-clapper deformity in which the 
tunica vaginalis has an abnormally high insertion 
on the spermatic cord and completely encircles 
the testis, leaving the testis free to rotate within 

  Fig. 6.31    Leiomyosarcoma of the epididymis: gray-scale 
ultrasound showing large hypoechoic mass in the 
epididymis with normal testis       

  Fig. 6.30    Adenomatoid tumor of the testis shown as 
isoechoic mass in the lower pole of the testis       
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the tunica vaginalis. The deformity is bilateral in 
most cases. The spermatic cord immediately cra-
nial to the testis and epididymis is twisted, which 
gives it a characteristic “torsion knot” or “whirl-
pool appearance” (Fig.  6.32a, b ).  

 Intravaginal torsion may also occur in testes 
that are retractile or are not fully descended. 
Blunt trauma, sudden forceful rotation of the 
body, or sudden exertion also predispose to tes-
ticular torsion. 

 The torsion of a testicular or epididymal 
appendage is thought to be more common than 
torsion of the spermatic cord; the latter represents 
a true urologic emergency. There is a 90% chance 
of salvaging the testicle when ischemia has been 
present for less than 6 h, which decreases to 50% 
at 12 h and 10% at 24 h  [  49  ] . While irreversible 
testicular damage is presumed after 4 h of sper-
matic cord torsion, only 50% of men who were 
detorsed less than 4 h after their symptoms began 
were noted to have normal semen quality  [  50  ] . 

 Torsion is a clinical diagnosis proven at sur-
gery. Ultrasound does not diagnose torsion—only 
the urologist (or pathologist) can. Ultrasound 
should only be used to document  fi ndings. Many 
conditions (such as torsion–detorsion, intermit-
tent torsion, persistent capsular  fl ow, and color 
 fl ow artifacts) can suggest apparent  fl ow in the 
testicular parenchyma in cases where there is no 
viability sustaining. 

 Waldert et al. reported 298 boys presenting 
with an acute scrotum who underwent color  fl ow 

study performed by urologists and then underwent 
exploratory surgery regardless of the sonographic 
 fi ndings. At surgery, 20% of boys were diagnosed 
with testicular torsion with 56% found with tor-
sion of an appendage and 8% noted with epididym-
itis and 11% had no de fi nite surgical diagnosis. 
Color Doppler sonography sensitivity, speci fi city, 
positive predictive value, and negative predictive 
value for testicular torsion were 96.8, 97.9, 92.1, 
and 99.1%, respectively. The two boys misdiag-
nosed as epididymo-orchitis were both noted with 
90° torsion and no venous drainage but with resid-
ual arterial  fl ow. Eighty- fi ve percent of all testes 
were salvaged. Those with viable testes presented 
with a 4 h median duration of symptoms  [  51  ] . 

 On gray-scale ultrasound, the affected testis 
usually appears hypoechoic (Fig.  6.33 ) and 
Doppler color  fl ow study shows decreased or no 
 fl ow in the affected testis (Fig.  6.34 ). Testicular 
size can vary from increased to decreased when 
compared to its counterpart depending upon the 
duration of the torsion. The sonographer should 
always compare the affected testis with the con-
tralateral side using longitudinal, transverse, 
and coronal views. When the sonographer 
attempts to align the transducer parallel to  fl ow, 
apical views can be particularly informative. 
Spectral waveform analysis with calculation of 
the RI is also helpful, but as stated previously, is 
not diagnostic. In patients with acute torsion, 
the epididymis may appear hypoechoic and 
enlarged, similar to epididymitis.    

  Fig. 6.32    ( a ,  b ) The spermatic cord immediately cranial to the testis and epididymis is twisted, which gives it a char-
acteristic “torsion knot” or “whirlpool appearance” on gray-scale ultrasound       
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   Primary Orchitis 
 The ultrasound  fi ndings in patients with orchitis 
include an enlarged testis with a homogenous 
appearance and a decreased resistive index (RI). 
The RI of the epididymal and testicular artery has 
been shown to be signi fi cantly lower in patients 
with epididymo-orchitis than in control subjects 
 [  52  ] . Orchitis may be diffuse or focal appearing 
as multiple hypoechoic lesions with increased 
testicular blood  fl ow (Figs.  6.35  and  6.36 ). If 
in fl ammation progresses the pressure of intrates-
ticular edema may compromise blood  fl ow lead-
ing to infarction and ultrasound will demonstrate 
the absence of blood  fl ow and surrounding reac-
tive hyperemia  [  53  ] .    

   Testicular Abscess 
 Persistent fever, scrotal pain, and swelling can be 
seen in approximately 5% of patients originally 
presenting with orchitis. These are the clinical 
hallmarks of a testicular abscess. The characteris-
tic ultrasound appearance of a testicular abscess 
usually appears within 1–7 weeks after orchitis. 

  Fig. 6.33    Right testicular 
torsion with normal left 
testis for comparison of the 
echogenicity on gray-scale 
ultrasonogram       

  Fig. 6.34    Left testicular torsion: color Doppler ultrasound shows absent blood  fl ow in the left testis       

  Fig. 6.35    Orchitis: gray-scale ultrasound showing 
homogenous enlargement of the testis with minimal 
hydrocele       
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Ineffective treatment of epididymo-orchitis may 
result in a pyocele or a testicular or scrotal 
abscess, testicular infarction, and possibly fascii-
tis. A scrotal abscess may resemble a tumor; 
however, sonographic evidence of in fl ammation, 
as described above, and the absence of Doppler 
 fl ow will often differentiate abscess from the 
tumor (Fig.  6.37 ).   

   Nonpalpable Testis 
 When the testis is nonpalpable in the scrotum, a 
search is initiated to con fi rm its presence or absence. 
Ultrasound is usually the initial diagnostic imaging 
modality because of its sensitivity in the inguinal 
canal where most undescended testes are found. If 
the absent testis is not identi fi ed within the inguinal 
canal, CT or MRI is often used in an attempt to 
locate an intra-abdominal testis. Surgical explora-
tion, however, remains the “gold standard” for iden-
tifying an intra-abdominal testis. 

 A cryptorchid testis in the inguinal canal, 
identi fi ed by the presence of the mediastinum 
testis, is usually small in size (hypotrophic). It 
can be differentiated from an inguinal hernia by 
the absence of peristalsis, highly re fl ective omen-
tal fat, or both.  

   Testicular Microcalci fi cation 
 The etiology of testicular microcalci fi cation (TM) 
is unknown. It has been suggested that the calci fi ed 
concretions within the lumen of seminiferous 

tubules originate from sloughing of degenerated 
intratubular cells and failure of the Sertoli cells to 
phagocytize the debris  [  54,   55  ] . 

 Testicular microcalci fi cation (TM) has been 
de fi ned as  fi ve or more microcalci fi cations within 
the testicular parenchyma. TM appears on ultra-
sound as hyperechogenic lesions measuring 
between 1 and 3 mm-sized multiple foci within the 
testicular parenchyma. The prevalence of TM var-
ies from 1.5 to 5.6% in asymptomatic healthy men, 
compared with 0.8–20% in infertile men  [  56  ] . 
Acoustic shadowing on ultrasound is often absent, 
likely due to the small size of the calci fi cations  [  57, 
  58  ]  (Figs.  6.38  and  6.39 ). They are usually sym-
metrical but occur unilaterally in 20% of the cases. 
Goede et al. reported 2.4% prevalence of TM in 
young asymptomatic boys  [  59  ] .   

 The risk of subsequent development of carci-
noma in situ (CIS) and testicular germ cell tumor in 
patients presenting with TM is less clear  [  58,   60  ] . 
The association between TM and testicular germ 
cell tumors is well documented in several case stud-
ies. DeCastro et al. reported the prevalence of TM in 
healthy asymptomatic men aged between 18 and 35 
years as 5.6% with an odds ratio of developing a 
testicular cancer of 317 compared with men with no 
TM on their 5 year follow-up study  [  61  ] . 

 TM is also described in association with 
 various benign conditions including varicocele, 
cryptorchidism, male pseudohermaphroditism, 
Klinefelter’s syndrome, neuro fi bromatosis, and 
Down’s syndrome  [  62  ] . 

 Data from several investigators suggest that 
TM is a benign, nonprogressive condition, at 
least when followed for up to 45 months  [  61,   63  ] . 
However, several recent case reports have docu-
mented the development of testicular tumors in 
patients with TM when follow-up was extended 
for several years, suggesting the need for close 
follow-up in these patients  [  61,   64  ] . 

 Bennett et al. demonstrated a direct relation-
ship between the quantity of microliths and the 
incidence of testicular tumor at the initial presen-
tation  [  65  ] . 

 The risk of CIS of testis in men with history of 
undescended testis is approximately 2–4%  [  66  ] . 
If TM is present in these patients, the risk 
increases to 10%  [  67  ] . 

  Fig. 6.36    Color Doppler study shows increased blood 
 fl ow to the testicle with prominent capsular vessels       
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  Fig. 6.37    Ultrasound  fi ndings show heterogeneous complex septate  fl uid collection. Color Doppler ultrasound shows 
no blood  fl ow in the abscess and increased blood  fl ow in the surrounding testicular parenchyma       

  Fig. 6.38    Bilateral multiple microcalci fi cations of the testis with no acoustic shadowing       

  Fig. 6.39    Color Doppler study showing multiple microcalci fi cations       
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 In men with infertility, atrophic testis, unde-
scended testis, bilateral TM, and history of CIS 
or testicular cancer who have contralateral TM, 
there is an increased risk of developing a testicu-
lar cancer  [  56  ] . 

 Men with TM and associated risk factors 
should be considered for long-term follow-up 
including testicular biopsy as indicated. Testicular 
microcalci fi cation management and a follow-up 
algorithm have been shown in Fig.  6.40 .   

   Testicular Macrocalci fi cation 
 Intratesticular macrocalci fi cations can be second-
ary to the presence of a germ cell tumor, a “burnt-
out” germ cell tumor, a Sertoli cell tumor, prior 
trauma, infection (TB), infarction, or in fl ammation 
(e.g., sarcoidosis)  [  68  ] . 

 One theory to explain the genesis of the 
burned-out tumor suggests that the tumor out-
grows its own blood supply and then subsequently 
involutes with  fi brosis and dystrophic calci fi cation 
 [  69  ]  (Fig.  6.41 ).  

 Extratesticular calci fi cations can be found 
with the tunica vaginalis space and can result 
from in fl ammation of the tunica vaginalis or 
from a sloughed testicular appendage. These 
calci fi cations can be freely mobile and are known 
as scrotal pearls or scrotoliths.  

   Cystic Lesions 
   Testicular Cysts 
 Testicular cysts occur in approximately 8–10% of 
patients  [  70  ] . They are mostly benign cysts asso-
ciated with extratesticular spermatoceles often 
incidentally found on ultrasound  [  71  ] . The com-
mon causes for the testicular cysts include trauma, 
surgery, and in fl ammation. They usually occur at 
the mediastinum testis and are simple cysts on 
ultrasound; testicular cysts have an imperceptible 
wall, and display an anechoic through transmis-
sion, with sizes ranging from 2 mm to 2 cm in 
diameter  [  72  ]  (Fig.  6.42 ).  

 Cystic teratoma may resemble testicular cysts but 
appear on ultrasound as a cystic mass with solid 

  Fig. 6.40    Management of 
testicular microlithiasis       

  Fig. 6.41    Mixed germ cell tumor of the testis with areas 
of burnt-out tumor ( small arrows )       
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components. Cystic teratoma occurs in children 
and adults. In children, cystic teratoma behaves as 
a benign tumor, whereas in adults and adolescents 
it has been known to metastasize  [  73  ]  (Fig.  6.43 ).   

   Cysts of the Tunica Albuginea 
 Tunica albuginea cysts arise from within the lay-
ers of the tunica albuginea. They are benign cysts 
and are clinically palpable by virtue of their loca-
tion. These cysts meet the criteria for a simple 
cyst by ultrasound  [  74,   75  ]  (Fig.  6.44 ).   

   Epidermoid Cysts 
 Epidermoid cysts of the testis are rare benign 
germ cell tumors, accounting for 1–2% of 

resected benign tumors of the testis. Epidermoid 
cysts usually present between 20 and 40 years of 
age. They are often unilateral; bilateral occur-
rences are very rare  [  76  ] . 

 Epidermoid cysts are variable on sono-
graphic appearance attributable to variations in 
maturation and keratin content. The character-
istic sonographic appearance of the epidermoid 
cyst is an onion ring con fi guration due to alter-
nating layers of hypo- and hyperechogenicity 
without internal  fl ow  [  9,   77,   78  ]  (Figs.  6.45  
and  6.46 ). An epidermoid cyst of less than 
3 cm in size with negative tumor markers can 
be managed conservatively by enucleation pro-
vided that frozen sections are obtained to 
con fi rm the diagnosis  [  79  ] .    

  Fig. 6.42    Testicular cysts are benign simple cysts often 
secondary to trauma, surgery, or in fl ammation       

  Fig. 6.44    Tunica albuginea cyst is within the layers of 
the tunica. They appear as simple cysts on ultrasound 
( arrow )       

  Fig. 6.43    Cystic teratoma on ultrasound appears as a 
cystic mass with solid components and the mass localized 
within the testicular parenchyma       

  Fig. 6.45    The characteristic sonographic appearance of 
the epidermoid cyst—an onion ring con fi guration due to 
alternating layers of hypo- and hyperechogenicity       
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   Tubular Ectasia of Rete Testis 
 Tubular ectasia of the rete testis (TERT) is a benign 
clinical entity in which cystic dilation of rete testis 
results from partial or complete obliteration of the 
efferent ducts. The pathogenesis is thought to be 
due to obstruction at the level of, or distal to, the 
efferent ductules at the epididymal head. This sub-
sequently leads to dilation in the proximal ductal 
system manifesting as tubular ectasia  [  80,   81  ] . 

 TERT often present an asymptomatic  fi nding in 
men older than 50 years with unremarkable physi-
cal examination of the testes. It is often bilateral 
and asymmetric, and it is identi fi ed by its typical 
location in or around the mediastinum testis. On 
ultrasound, it is seen as multiple anechoic, avascu-
lar structures within the mediastinum and is often 
associated with ipsilateral spermatoceles  [  77  ]  
(Figs.  6.47  and  6.48 ). It is important to differenti-
ate this benign cystic tumor from malignant cystic 
tumors of the testis and thus avoid unnecessary 
orchidectomy. Cystic malignant tumors, most 
commonly the cystic teratomas, can be distin-
guished sonographically by the presence of multi-
ple cystic areas, often surrounded by a soft tissue 
mass. They are almost always unilateral and are 
anywhere in testicular parenchyma, not limited to 
the mediastinum  [  82  ] . They can be further 
con fi rmed by measuring serum tumor markers.     

   Intratesticular Varicocele 
 Intratesticular varicocele has been de fi ned as 
dilated veins radiating from the mediastinum 

testis into the testicular parenchyma  [  83,   84  ] . It is 
often a clinically occult condition that may occur 
in association with extratesticular varicocele. 
The sonographic features of intratesticular 
varicoceles are similar to those of extratesticu-
lar varicoceles. Color  fl ow Doppler sonography 
demonstrates tubular or serpentine vascular struc-
tures more than 2 mm in diameter with a positive 
Valsalva maneuver (Figs.  6.49  and  6.50 ). Kessler 
et al. reported that the Valsalva maneuver plays 
an important role in the diagnosis of intratesticu-
lar varicocele because in most cases the retro-
grade  fl ow will not show up spontaneously on 
color  fl ow Doppler sonography  [  85  ] . Patients 
with intratesticular varicocele may have testicu-
lar pain in up to 50% of cases secondary to venous 
congestion, resulting in stretching of the tunica 
albuginea. Bucci et al. reported a 2% incidence of 
intratesticular varicocele in their series of 342 
patients who were evaluated with color Doppler 
ultrasound as part of a fertility evaluation  [  84  ] .   

 Das et al. found 39% bilateral intratesticular 
varicoceles in a large cohort of 1,040 men who 
underwent scrotal ultrasound  [  86  ] . Color  fl ow 
Doppler sonography helps to differentiate intrat-
esticular varicocele from the tubular ectasia of 
rete testis adjacent to the mediastinum.  

   Intratesticular Abscess 
 Patients with an intratesticular abscess present 
with an acutely painful scrotum and associated 
fever. An intratesticular abscess most fre-
quently results from epididymo-orchitis  [  87  ] . 
Ultrasonography is the imaging modality of 
choice and demonstrates a hypoechoic lesion 
within the testis marked by low-level echoes 
and shaggy margins. Color  fl ow Doppler dem-
onstrates absent vascularity in the abscess with 
increased peripheral hyperemia  [  72  ] .  

   Intratesticular Hematoma 
 Blunt trauma of the scrotum is a common injury 
among younger men. Physical examination may 
be dif fi cult in these patients with scrotal trauma 
due to tenderness and swelling of the scrotum. 
Scrotal ultrasound is the standard imaging modal-
ity to evaluate testicular integrity. The sensitivity 
and speci fi city of ultrasonography for testicular 

  Fig. 6.46    Doppler  fl ow study shows no blood  fl ow in the 
mass       
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  Fig. 6.47    Left-sided tubular ectasia of the rete testis on gray-scale ultrasound ( arrow )       

  Fig. 6.48    Doppler color  fl ow study shows normal blood  fl ow to the tubular ectasia of the rete testis       

  Fig. 6.49    Intratesticular varicoceles are dilated veins 
within the testicular parenchyma. Gray-scale ultrasound 
shows dilated veins       

  Fig. 6.50    Color Doppler  fl ow study showing dilated 
intratesticular veins       
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hematoma has been reported to be 93.5 and 
100%, respectively. 

 Intratesticular hematoma can be diagnosed 
with gray-scale ultrasound, which demonstrates 
an intact tunica albuginea with intratesticular 
hypoechoic areas showing no blood  fl ow on 
Doppler color  fl ow study (Figs.  6.51  and  6.52 ).    

   Congenital Testicular Adrenal Rests 
 Congenital adrenal hyperplasia (CAH) is an 
 autosomal recessive disease characterized by 
de fi ciency of adrenocortical enzymes. More than 
90% of cases of CAH are caused by 21-hydroxy-
lase de fi ciency  [  88,   89  ] . Congenital testicular 
adrenal rests are seen in about 29% of patients 
with CAH  [  90  ] . An increase in adrenocorticotro-
pic hormone (ACTH) levels causes hyperplasia 
of adrenal remnants in the testes in patients with 
CAH and results in the development of intrates-
ticular masses. Sonographically, these masses 
appear as hypoechoic intratesticular masses in 
both testes and Doppler color  fl ow shows 
increased vascularity  [  90,   91  ]  (Figs.  6.53  and 
 6.54 ). Intratesticular masses are typically located 
in the region of the mediastinum testis  [  91  ] . 
Scrotal ultrasound is the diagnostic modality of 
choice for their diagnosis. Congenital testicular 
adrenal rests most commonly present as bilateral 
intratesticular masses. The differential diagnosis 
for these masses includes testicular tumors, which 
are extremely rare on both testes  [  59  ] . Therefore, 

congenital adrenal rests must be considered in 
patients with CAH and clinically followed by 
ultrasound to demonstrate stable masses  [  92  ] . 
These masses typically regress with treatment.    

   Sarcoidosis 
 Involvement of the testis and epididymis with 
sarcoid is rare. Clinically it presents as a pain-
less epididymal or testicular mass or as 
epididymitis. Sonographically the lesion is an 
irregular hypoechoic mass that may be calci fi ed, 
multifocal, and bilateral  [  93  ] .   

   Malignant Lesions of the Testis 
 Testicular malignancies are accounts for approxi-
mately 1% of all the malignancies in men. The 
predicted 5-year survival rate is currently at 95.3%, 
due to early patient self-detection and testicular 
tumor sensitivity to chemotherapy and radiother-
apy. The most common presentation is of a pain-
less scrotal mass, with pain being reported in only 
10% of cases  [  94  ] . Ultrasonography is the gold 
standard imaging modality. Early diagnosis is cru-
cial to a favorable outcome. 

   Germ Cell Tumors 
 Germ cell tumors account for 95% of testicular 
malignancies and can be divided into seminoma-
tous and nonseminomatous groups; the remainder 
is made up of sex cord-stromal tumors, lymphoma, 
and metastases.  

  Fig. 6.52    Intratesticular hematoma: gray-scale ultra-
sound showing hypoechoic area on longitudinal and mid-
transverse views with no blood  fl ow on Doppler color 
 fl ow study       

  Fig. 6.51    Intratesticular hematoma: gray-scale ultra-
sound showing hypoechoic area on longitudinal and mid-
transverse views with no blood  fl ow on Doppler color 
 fl ow study       
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   Seminoma 
 Seminoma is the most common germ cell tumor, 
accounting for up to 50% of all germ cell tumors, 
and occurs in men predominantly between the 
ages of 35 and 45. Bilateral seminomatous germ 
cell tumors are rare and are reported only in 2% of 
the cases  [  95  ] . They commonly present as a pain-
less scrotal mass. On gross pathology, they are 
lobulated and pale in color and may vary in size 
from small well-de fi ned lesions to masses that 
completely replace normal testicular parenchyma. 
Microscopically, the cells are comparatively 

uniform with clear cytoplasm and a characteristic 
lymphocyte in fi ltration  [  95  ] . 

 The sonographic appearance typically is a 
homogenous, well-de fi ned hypoechoic lesion. 
Cystic areas are found only in 10% of cases  [  96  ] . 
Larger tumors tend to be more heterogeneous 
and may be poorly marginated and diffusely 
in fi ltrative and multifocal (Figs.  6.55  and  6.56 ).    

   Nonseminomatous Germ Cell Tumors 
 Nonseminomatous germ cell tumors (NSGCT) 
generally occur in younger men between ages 25 

  Fig. 6.54    Testicular adrenal rests: Doppler color  fl ow study shows increased vascularity       

  Fig. 6.53    Testicular adrenal rests are typically bilateral. Ultrasound features are hypoechoic lesions located in the 
region of the mediastinum testis ( arrow )       
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and 35. NSGCT are often mixed germ cell tumors 
comprised of embryonal carcinoma, yolk sac 
tumor, choriocarcinoma, and teratoma. They can 
be locally aggressive with invasion of the tunica 
albuginea, epididymis, or the spermatic cord. 

 The ultrasonographic  fi ndings re fl ect the 
diversity of the components and the tumors 
 characteristically appear irregular with a hetero-
geneous parenchyma pattern, representing 
calci fi cation, hemorrhage,  fi brosis, and cystic 
lesions  [  97,   98  ]  (Figs.  6.57  and  6.58 ).   

 Pure embryonal cell carcinoma makes up 2–3% 
of all germ cell tumors. An embryonal cell carci-
noma is an aggressive tumor with ultrasonographic 
 fi ndings often demonstrating heterogeneous echo 
texture. These tumors are characteristically smaller 
in size than a seminoma usually without enlarge-
ment of the testis  [  99  ] . 

 Yolk sac tumors also known as endodermal 
sinus tumors, usually occur in children younger 

than 2 years  [  99  ] . Histologically, yolk sac tumors 
are predominantly solid, yellow-gray friable 
tumors with a characteristic but highly variable 
range of histological patterns  [  100  ] . 

 Yolk sac tumor shows periodic acid-Schiff 
(PAS) positive globules, focal areas of positive 
alpha-fetoprotein immunostaining, prominent 
intracellular and extracellular hyaline globules, 
and Schiller-Duval bodies (SD bodies), charac-
terized by a small central blood vessel surrounded 
by two layers of tumor cells  [  100,   101  ] . The 
sonographic appearance of yolk sac tumors of the 
testis is nonspeci fi c; thus it is dif fi cult to differen-
tiate from other solid tumors of the testes based 
solely on sonography. 

 Choriocarcinoma is associated with an ele-
vated human chorionic gonadotropin level and 
carries the worst prognosis of all germ cell 

  Fig. 6.55    Testicular germ cell tumor showing heteroge-
neous appearance on gray-scale ultrasound       

  Fig. 6.56    Doppler  fl ow study shows increased blood 
 fl ow within the tumor       

  Fig. 6.57    Non-seminomatous germ cell tumor showing 
heterogeneous appearance on gray-scale ultrasound       

  Fig. 6.58    Color Doppler  fl ow study shows increased 
blood  fl ow within the tumor       
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tumors, with early metastatic spread to the lung, 
liver, gastrointestinal tract, and brain. 

 Teratoma is the second most common pediat-
ric testicular tumor. Mature teratoma is often 
benign in children. Teratoma will demonstrate 
endodermal, mesodermal, and ectodermal com-
ponents in a disorganized arrangement  [  97  ] . 
Echogenic foci in these tumors represent ele-
ments of its embryologic composition—imma-
ture bone, fat, and  fi brosis. 

 Non-germ cell tumors are rare, but most com-
monly arise from Leydig or Sertoli cells. Leydig 
cells are the principle source of male testoster-
one. Leydig cell tumors represent fewer than 3% 
of all testis tumors. 

 Sertoli cell tumors represent approximately 
1% of testicular tumors and can occur in children 
and adults. In addition to a testicular mass, gyne-
comastia frequently develops. Leydig or Sertoli 
cell tumors are rarely malignant. 

 Testis-sparing resection can be considered in 
these patients. Intraoperative ultrasonography is 
an essential component of organ-preserving sur-
gery for nonmalignant testicular tumors.  

   Testicular Lymphoma 
 Primary testicular lymphoma is the most com-
mon testicular malignancy in men aged >60 
 [  102–  104  ] . 

 The most common histological type is large 
B-cell non-Hodgkin’s lymphoma. Scrotal ultra-
sound demonstrates diffuse enlargement of the 
testis and the Doppler color  fl ow study shows 
increased vascularity (Figs.  6.59  and  6.60a ).   

 Orchiectomy has historically been advocated 
as the diagnostic and therapeutic procedure of 
choice. This treatment recommendation was 
recently changed to a combined modality of sys-
temic doxorubicin-based chemotherapy, prophy-
lactic intrathecal chemotherapy, and orchidectomy 
or scrotal radiotherapy  [  103  ] .   

   Incidentally Discovered Nonpalpable 
Testicular Lesions 
 Incidentally noted solid testicular masses that 
are not palpable are usually benign (Table  6.2 ). 
Signi fi cant risk factors for the presence of malig-
nancy include size >1 cm, ipsilateral atrophy, 
history of cryptorchidism, history of contralateral 

  Fig. 6.59    Gray-scale ultrasound showing bilateral testicular lymphoma. Right testis was measuring 64.5 cm 3  and the 
left testis was measuring 69.0 cm 3 .  Arrows  showing dilated vascular markings       
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germ cell tumor, and severe oligospermia or 
azoospermia  [  105  ] . Patients at low risk for 
malignancy can be managed with active ultra-
sound surveillance for at least 6 months. If during 
the active surveillance period, the lesion size 
should increase signi fi cantly, then testis-sparing 
excisional biopsy or radical orchiectomy must 

be considered  [  106,   107  ] . Figure  6.60b  depicts a 
rational approach to the evaluation of the non-
palpable testicular lesion. Patients at high risk 
can be managed with ultrasound-guided testis-
sparing excisional biopsy or radical orchiec-
tomy (Mammen et al. AUA Update Series, pages 
14–19, 2009)  [  108  ]  (Fig.  6.61 ).    

  Fig. 6.60    ( a ) Management of incidental  fi nding of nonpalpable testicular mass. ( b ) Doppler color  fl ow study showing 
increased vascularity in both the testes       
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   Special Indications 

   Male Infertility 
 In men with impaired fertility, ultrasound can 
provide diagnostic information and provide doc-
umentation prior to and after intervention. 
Additionally, recent literature supports the use of 
spectral Doppler ultrasound in providing infor-
mation about intratesticular blood  fl ow and func-
tion  [  14,   52,   109,   110  ] . 

   Varicocele 
 A varicocele is a dilatation of the testicular vein 
and the pampiniform venous plexus within the 
spermatic cord. With bilateral varicoceles, the 
larger varicocele is often on the left side, most 
likely related to the angle of insertion in to the 
left renal vein and the length of the left testicular 
vein  [  111,   112  ] . The left testicular vein is 8–10 cm 
longer than the right, with a proportional increase 
in pressure head. Varicoceles have been found to 
be a bilateral condition in more than 80% of cases 
in some series  [  112,   113  ] . 

 Congenitally absent or incompetent venous 
valves have been thought to be the primary cause 
of varicocele. Subsequent studies have shown 
that there are men who have incompetent or 
absent testicular vein valves without varicocele 
and men with varicocele who have competent 
valves  [  114,   115  ] . Dilation of the testicular vein 
can cause functional incompetence as a result of 

loss of coaptation, even with the normal venous 
valves  [  116  ] . However, it remains dif fi cult to dif-
ferentiate between cause and effect in anatomic 
analysis, as evidenced by recent studies, which 
documented signi fi cant histologic changes in the 
vein wall of the pampiniform plexus that appeared 
to have a linear correlation with the varicocele 
grade  [  117  ]  (Fig.  6.62 ).  

 The most common presentation of a varico-
cele is due to an investigation of male subfertility 
and less frequently due to scrotal pain. A varico-
cele is present in about 15% of normally fertile 
men, in 30–40% of men with primary subfertility, 
and in as many as 80% of men with secondary 
subfertility  [  118,   119  ] . Clinically signi fi cant vari-
coceles are associated with impairments in semen 
quality that can include a decrease in sperm 
count, sperm motility, and the number of mor-
phologically normal sperm. In particular, an 
increased number of tapered (elongated) heads 
with an increase in the number of immature 
(round) germinal forms appearing in the ejacu-
late are usually present  [  118  ] . 

 Clinically detectable varicocele has been asso-
ciated with testicular hypotrophy or atrophy, an 
abnormal gonadotropin axis, histologic changes 
in the testis, abnormal spermatogenesis, and 
infertility. The exact mechanism whereby a vari-
cocele induces pathologic change has yet to be 
elucidated  [  120  ] . However, increased testicular 
temperature, hypoxia, re fl ux of adrenal and renal 
metabolites, and the generation of reactive oxy-
gen species (ROS) have been postulated as pos-
sible effects of a varicocele on spermatogenesis 
 [  120  ] . 

 Ultrasound characteristics include the 
 fi ndings of multiple, hypoechoic serpiginous 
tubular structures of varying diameters best 
visualized superior and posterolateral to the 
testis  [  121  ] . Color  fl ow Doppler is important in 
documenting the presence and size of a varico-
cele as well as differentiating an intratesticular 
varicocele from a dilated rete testis  [  86,   122  ] . 
The presence of bilateral varicoceles is often 
best identi fi ed by scrotal ultrasound  [  123,   124  ]  
(Figs.  6.63  and  6.64a ). Tarhan et al. reported an 
increase in blood  fl ow velocity in the testicular 
artery and decrease in resistive indices in the 

  Fig. 6.61    Non-palpable intratesticular tumor shown as a 
hypoechoic lesion on gray-scale ultrasound       
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intratesticular branches in patients with clini-
cally signi fi cant varicoceles after microscopic 
ligation  [  110  ] . However, no statistically 
signi fi cant difference was noted in blood  fl ow 
velocity and resistive indices in subclinical var-
icoceles after surgery when compared to con-
trol group  [  13,   110,   125  ] . Intratesticular arterial 
resistance is decreased by varicocele ligation 
suggesting an increased blood  fl ow into the tes-
ticular tissue. Interrogation with Doppler color 
 fl ow study in men with varicoceles before sur-
gery can provide important diagnostic informa-
tion about the varicocele’s effect on testicular 
function and the potential therapeutic ef fi cacy 
of surgical intervention.   

 Tarhan et al. reported the effect of varicocelec-
tomy on testicular blood  fl ow and sperm quality 
in patients who underwent left varicocelectomy. 
The mean values of blood  fl ow velocities in the 
left testicular artery (peak systolic and end dia-
stolic) increased and resistance indices in the left 
intratesticular arteries decreased signi fi cantly 
after surgery  [  15,   110  ] . No signi fi cant difference 
was detected between the preoperative and post-
operative blood  fl ow parameters in the right 
intratesticular arteries. In the semen analysis, sta-
tistically signi fi cant increases were found in 
sperm concentration, normal morphology per-
centage, and total motile sperm concentration 3 
months after varicocelectomy  [  110  ] . Pinggera 

  Fig. 6.62    Varicocele: Doppler color  fl ow study showing low-re fl ective dilated veins on the superior and posterolateral 
aspect of the testis       

  Fig. 6.63    Bilateral varicoceles: color Doppler ultrasound characteristics are the  fi ndings of multiple, low-re fl ective 
serpiginous tubular structures of varying diameters visualized posterolateral to the testis       
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et al. reported that the mean resistive index (RI) 
of intratesticular arteries is 0.54 in men with nor-
mal sperm counts and the mean RI of 0.68 in men 
with abnormal sperm counts. The data suggest 
that an RI of >0.6 is associated with pathological 
sperm counts  [  14  ] . 

 In patients who experience the sudden onset 
of a varicocele or whose varicocele persists in the 

supine position, further imaging of the retroperi-
toneum is warranted to identify etiologic factors.  

   Impaired Semen Quality and Azoospermia 
 Poor semen quality can be a sign of underlying dis-
ease. Varicocele, ductal obstruction, and testicular 
tumors are examples of associated pathology easily 
demonstrated by ultrasound that may or may not be 

  Fig. 6.64    ( a ) Doppler color  fl ow study showing bilateral 
varicoceles. This is a large right varicocele in a 34-year-
old male ( b ) Gray-scale ultrasound showing large 
hypoechoic area ( arrows ) within the testicular paren-

chyma on follow-up ultrasound in a patient who under-
went testicular biopsy. These  fi ndings were consistent 
with intratesticular hematoma, which needs serial sono-
graphic follow-up until the hematoma is resolved       
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identi fi ed by physical examination. Ultrasound, 
being a noninvasive, real-time imaging modality, is 
often used in the comprehensive evaluation of men 
with impaired semen quality to document the pres-
ence or absence of pathology, especially when the 
physical exam is inconclusive or suggestive of 
intrascrotal pathology. In men with azoospermia, 
ultrasound as an initial imaging modality can often 
de fi ne the underlying etiology as obstructive or 
NOS  [  126  ] . Ultrasound is useful in patients with 
congenital bilateral absence of the vas deferens 
(CBAVD) to assess other mesonephric develop-
mental defects and associated conditions such as 
congenital renal agenesis  [  127,   128  ] . 

 Romeo et al. reported elevated inhibin-B lev-
els in patients with untreated varicocele. The 
inhibin-B levels directly correlate to testicular 
volume. Inhibin levels directly re fl ect the func-
tion of the Sertoli cells and integrity of seminifer-
ous tubules  [  129  ] . Inhibin levels have been shown 
to improve after varicocelectomy corresponding 
to improved semen parameters also noted in men 
after varicocelectomy  [  130  ] . 

 Varicocele repair improves the seminal param-
eters in approximately 70% of the patients, with 
the improvement in motility being the most com-
mon  [  110,   131,   132  ] . 

 Evers et al. evaluated the effect of varicoceles 
treatment on pregnancy rate in subfertile couples in 
a Cochrane review. This study suggested that there 
is no evidence that treatment of varicoceles in men 
with otherwise unexplained subfertility improves 
the couple’s chance of conception  [  133  ] .  

   Testicular Biopsy 
 Testicular biopsy is a diagnostic surgical proce-
dure used to distinguish between OAS and NOS. 
Testicular biopsy is also performed for sperm retri-
val for in vitro fertilization and cryopreservation. 
The most common complication associated with 
the testicular biopsy or testicular sperm extraction 
is intratesticular hematoma  [  134  ]  (Fig.  6.64b ).  

   Antisperm Antibodies 
 About 10% of men presenting with subfertility 
are found to have antisperm antibodies, compared 
with 2% or fewer of fertile men  [  135,   136  ] . 
Several common causes of antisperm antibodies, 

including OAS, congenital bilateral absence of 
the vas deferens, epididymitis, genital trauma, 
and cryptorchidism can be evaluated with scrotal 
ultrasound  [  137–  139  ] .  

   Testicular Atrophy 
 This condition may be related to age, trauma, tor-
sion, infection, in fl ammation, hypothyroidism, 
drug therapy, or chronic disease. While the appear-
ance of the testis on ultrasound is variable and 
related to the underlying cause, it is usually char-
acterized by decreased echogenicity with a nor-
mal appearing epididymis (Figs.  6.65  and  6.66 ).    

   Testicular Trauma 
 Testicular trauma accounts for less than 1% of all 
trauma-related injuries. Physical examination 
may be dif fi cult in patients with scrotal trauma 
due to tenderness and swelling of the scrotal con-
tents. Scrotal ultrasound remains the standard 
imaging study to evaluate testicular and epididy-
mal integrity and assess the vascular status of the 
testis  [  140,   141  ] . The characteristic ultrasound 
 fi ndings of scrotal trauma are thickening of the 
scrotal wall, asymmetry, irregularity, poorly 
de fi ned testicular borders (contour abnormality), 
interruption of the tunica albuginea, heteroge-
neous testicular echogenicity, and intra- or extrat-
esticular hematoma with variable echogenicity 
(Figs.  6.67  and  6.68 ). A discrete line or hypoechoic 
stripe in the testicular parenchyma is a direct evi-
dence of testicular rupture with disruption of the 
tunica albuginea  [  142  ] .   

 Buckley and McAninch reported 100% sensi-
tivity and 93.5% speci fi city for testicular rupture 
related to blunt trauma when comparing ultra-
sound results to the  fi ndings at surgical explora-
tion  [  143  ]  (Figs.  6.69  and  6.70 ). Guichard et al. 
reported the sensitivity and speci fi city of ultra-
sound for testis rupture as 100 and 65%, respec-
tively, when compared to surgical  fi ndings  [  144  ] . 
They further noted that ultrasonography allowed 
the diagnosis of a hematocele with a sensitivity 
of 87% and a speci fi city of 89%, testicular hema-
toma with a sensitivity of 71% and speci fi city of 
77%, and testis avulsion with a sensitivity of 
100% and a speci fi city of 97%. Ultrasonography 
results for epididymis injuries were poor  [  144  ] .   
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  Fig. 6.66    Doppler color  fl ow study shows right-sided atrophic testis in a 31-year-old male with history of cryptorchid-
ism with normal blood  fl ow to the testicular parenchyma       

  Fig. 6.65    Atrophic right testis: gray-scale ultrasound shows decreased echogenicity when compared to the left testis       

  Fig. 6.67    Gray-scale ultrasound showing hypoechoic 
areas suggesting intratesticular hematoma following blunt 
trauma of the scrotum       

  Fig. 6.68    Doppler  fl ow study showing no blood  fl ow 
within the intratesticular hematoma       
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 Ultrasound has several shortcomings including 
the fact that it is operator-dependent. Alternatively, 
magnetic resonance imaging (MRI) had 100% 
diagnostic accuracy for the diagnosis of testicular 
rupture  [  145  ] . 

 The current management strategy for testicular 
rupture advocates early surgical intervention with 
the goal of preventing testicular loss. These rec-
ommendations are also applied in boys with a 
hematocele since up to 80% of signi fi cant hemato-
celes are due to testicular rupture  [  146  ] . The goal 
is to avert infection, necrosis, atrophy, and impaired 
fertility if managed conservatively  [  141  ] .         
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         Introduction 

 Penile ultrasound is commonly used in the 
diagnostic workup of a patient with erectile 
dysfunction (ED) but also plays an important 
role by providing an anatomic and functional 
vascular assessment in a multitude of other 
conditions including Peyronie’s disease, high-
 fl ow priapism, penile fracture, penile urethral 
strictures, urethral stones, or diverticula   , or 
masses involving deep tissues of the penis. As a 
component of the evaluation for ED, penile 
Doppler ultrasound (PDU) is performed to 
assess the quality of arterial blood  fl ow and 
suf fi ciency of veno-occlusive mechanisms, both 
necessary for an adequate erection. More 
recently, this imaging modality is playing a 
central role in the early detection and diagnosis 
of otherwise silent coronary artery disease 
(CAD) in men who present with ED as their ini-
tial symptom. PDU is also an essential compo-
nent of the assessment of external genitalia in 
trauma situations where high- fl ow priapism or 
penile fracture is suspected. Penile ultrasound 
provides a readily available, minimally invasive 

diagnostic modality that evaluates both the 
structural anatomy and functional hemodynam-
ics at a reasonable cost.  

   Ultrasound Settings 

 Penile ultrasound is best performed with a high-
frequency linear array transducer with an ultra-
sound frequency of 7.5–18 MHz which allows 
for high resolution images of the penis and 
 internal vascular structures. Color and spectral 
Doppler are essential elements of penile ultra-
sonography in addition to B-mode ultrasound. 
3D ultrasound is a developing technique that has 
the potential for better de fi ning anatomic and 
vascular changes occurring with disease pro-
cesses of the penis. 

 When available, split screen visualization 
allows for comparison of laterality very similar to 
scrotal ultrasound discussed earlier. This is very 
important in penile ultrasound, but more 
speci fi cally in PDU whereby the differences 
between vascular diameter, velocity of blood 
 fl ow, and measurement of resistive index can be 
elegantly displayed in a single view for compari-
son of the right and left sides.  

   Scanning Technique 

 Scanning technique, as with any ultrasound 
examination, is operator-dependent and hence 
may vary greatly. Nevertheless, it is essential for 
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each practitioner to establish a routine protocol to 
which they fastidiously adhere. This allows for 
data to be comparable across serial examinations 
of the same patient and between studies per-
formed on different patients with similar patholo-
gies. Also, a routine protocol allows practitioners 
to provide anticipatory guidance to patients prior 
to beginning the study. A technique for patient 
preparation, routine survey scanning, and 
indication-speci fi c scanning protocols for penile 
ultrasound is presented.  

   Patient Preparation 

 The patient should lie comfortably on the exami-
nation table in a supine position with legs 
together providing support for the external geni-
talia. An alternative position is dorsal lithotomy 
with the penis lying on the anterior abdominal 
wall. Regardless of the patient position pre-
ferred, the area of interest should remain 
undraped for the duration of the examination. 
Care should be taken to cover the remainder of 
the patient as completely as possible including 
the abdomen, torso, and lower extremities. 
Ample amounts of ultrasonographic acoustic gel 
should be used between the transducer probe 
and the surface of the penis to allow uninter-
rupted transmission of sound waves, thus pro-
ducing a high-quality image.  

   Penile Ultrasound Protocol 

 As with other ultrasound exams, penile ultra-
sound uses speci fi c scanning techniques and 
images targeting the clinical indication prompt-
ing the study. Irrespective of the indication 
for penile ultrasound, routine scanning during 
penile ultrasound should include both transverse 
and longitudinal views of the penis by placing 
the transducer probe on the dorsal or ventral 
aspect of the penis. The technique presented 
here uses a dorsal approach, which is easier 
for the  fl accid phallus. However, the ventral 
approach is often better with a fully erect phallus. 

The goal is to visualize the cross-sectional view 
of the two corpora cavernosa dorsally and the 
corpus spongiosum ventrally along the length of 
the penis from the base of the penile shaft to the 
glans penis. 

 The corpora cavernosa appear dorsally, as two 
homogeneously hypoechoic circular structures, 
each surrounded by a thin (usually less than 
2 mm) hyperechoic layer representing the tunica 
albuginea that envelops the corpora. The corpus 
spongiosum is a ventrally located circular struc-
ture with homogeneous echotexture, usually 
more echogenic than the corpora cavernosa  [  1  ] . It 
is best visualized by placing the ultrasound trans-
ducer probe on the ventral aspect of the penis; 
however, it is easily compressible so minimal 
pressure should be maintained while scanning. 
For routine anatomic scanning of the penis with 
ultrasound, all three corpora can be suf fi ciently 
viewed from a single dorsal approach to the 
penile shaft. A survey scan is  fi rst performed 
prior to obtaining static images at the proximal 
(base), midportion, and distal (tip) of the corpora 
cavernosal bodies for documentation (Figs.  7.1 , 
 7.2  and  7.3 ). The value of the survey scan cannot 
be over stated. It often provides the perspective 
that is necessary to assure absence of coexisting 
pathology. A careful survey scan of the phallus 
will identify abnormalities of the cavernosal ves-
sels, calci fi ed plaques, and abnormalities of the 
spongiosa tissue.    

 Still images recommended as representative 
views of this initial surveying scan include one 
transverse view at the base of the penile shaft, 
one at the mid-shaft, and a third at the distal 
shaft just proximal to the corona of the glans 
penis (Fig.  7.1a, b ). Each image should show 
transverse sections of all three corporal bodies. 
As noted in the labeled images, orientation by 
convention is for the right corporal body to be 
on the left side of the display (as viewed by the 
sonographer) while the left corporal body is 
located on the right side of the display. 
Figure  7.2  demonstrates two mid-shaft views: 
one with the transducer on the dorsal phallus 
and the other with the transducer on the ventral 
phallus. A longitudinal projection splitting the 
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screen view helps to compare the right and left 
corporal bodies. Figure  7.3  demonstrates a dorsal 
approach with measurements of the cavernosal 
artery diameter. By convention, the orientation 
is constant, with the projection of the right cor-
poral body on the left side of the display while 
the left corporal body is located on the right 
side of the display.     

  Fig. 7.1    ( a ) Survey scan with transverse views through 
the base and mid-shaft of the penis. In this image, the trans-
ducer is on the dorsal penile surface and demonstrates the 
right and left corpora cavernosa (rc and lc) and urethra (u). 

( b ) Survey scan with transverse views through the base and 
distal shaft regions of the penis. In this image the trans-
ducer is on the dorsal penile surface and demonstrates the 
right and left corpora cavernosa (rc and lc) and urethra (u)       

  Fig. 7.2    Demonstrates two mid-shaft views. The  left -side 
image demonstrates the view with the transducer on the 
dorsal phallus and the  right -side image with the transducer 

on the ventral surface of the phallus depicting the right 
corpus cavernosa (RT CC), left corpus cavernosa 
(LT CC), and urethra       

  Protocol box: suggested baseline penile 
Doppler images  

  Survey scan (with cine loops if possible):  • 
  Transverse: proximal to distal.   –
  Longitudinal: left lateral to right lateral.   –

  Baseline images in both transverse and • 
longitudinal views with cavernosal 
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   Focused Penile Ultrasound 
by Indication 

 There are several accepted indications for penile 
ultrasound, each with specialized focus beyond 

the routine survey scan as previously described. 
General guidelines for the use of penile ultra-
sound are delineated by the “Consensus Statement 
of Urologic Ultrasound Utilization” put forth by 
the American Urologic Association  [  2  ] . These 
indications can be further classi fi ed as either vas-
cular, structural, or urethral pathology in nature 
(Table  7.1 ).  

   Erectile Dysfunction 

 PDU has been a vital part of the assessment of 
patients with ED. Some practitioners immedi-
ately turn to intracavernosal injection therapy 
with vasoactive agents in patients who have failed 
a course of oral phosphodiesterase-5 inhibitors. 
However, PDU may be used as a diagnostic tool 
in conjunction with commencement of injection 
therapy. PDU allows for a baseline evaluation of 
the functional anatomy as well as providing a 
real-time assessment of the dynamic changes 
experienced in response to the dosing of vasoac-
tive medications. In cases where intracavernosal 
injection of vasoactive substances does not 

  Fig. 7.3    Longitudinal view of corpora cavernosa (cc) in 
split screen view, displaying right corpus cavernosum on 
 left  and left corpus cavernosum on  right  of screen. 

Cavernosal artery (ca) diameter at baseline is measured 
bilaterally with calipers       

artery internal diameter and spectral  fl ow 
parameters: peak systolic velocity (PSV), 
end-diastolic velocity (EDV), and resis-
tive index (RI). Video clips (cine) are 
valuable for independent review.  
  Longitudinal and transverse survey scan • 
of the phallus with video clips.  
  Split screen base (proximal), mid, and • 
distal view of phallus in transverse plane.  
  Split screen longitudinal view of left and • 
right corpora cavernosa.  
  Flaccid phallus.  • 
  Inner diameter measurements of left and • 
right cavernosal artery and mid phallus.  
  Spectral Doppler waveform with PSV, • 
EDV, and Ri.  
  Optional: acceleration time.  • 
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prompt a penile erection, documentation pro-
vided by PDU will be a foundation for other 
management options including use of vacuum 
constriction devices or insertion of a penile 
prosthesis. 

 Possibly one of the most compelling reasons 
for the performance of PDU in men presenting 
with ED is the  fi nding that impaired penile vas-
cular dynamics, as documented on PDU, may be 
associated with a generalized vessel disease that 
often predates cardiovascular disease by 5–10 
years  [  3–  5  ] . Signi fi cantly, early treatment of 
metabolic factors (e.g., hypertension, dyslipi-
demia, hyperglycemia) can delay and possibly 
prevent the development of cardiovascular dis-
ease  [  6,   7  ] . Therefore, the physician evaluating 
ED has a unique opportunity to diagnose vascu-
lar impairment at a time when lifestyle changes 
and possible medical intervention have the 
potential to change morbidity and mortality of 
cardiovascular disease. As suggested by Miner, 

there might be a “window of curability” in which 
the signi fi cant risk of future cardiovascular 
events might be averted through early diagnosis 
and treatment  [  8–  10  ] . 

 In cases of diagnostic study for ED, emphasis 
is directed toward the cavernosal arteries. 
However, the initial survey scan is essential to 
evaluate for plaques, intracavernosal lesions, and 
urethral pathology as well as evaluation of the 
dorsal penile vessels. The cavernosal arteries are 
visualized within the corpora cavernosa, and the 
depth of these arteries can be easily de fi ned 
within the corpora during transverse scanning to 
ensure a comprehensively represented assess-
ment of diameter at different points along its 
course. Color Doppler examination of the penis 
should be performed in both transverse and lon-
gitudinal planes of view. Using the transverse 
views as a guide to cavernosal artery depth, turn-
ing the transducer probe 90° then provides longi-
tudinal views of each corpus cavernosum 
separately, allowing for identi fi cation of the cav-
ernosal arteries in longitudinal section (Fig.  7.3 ). 
The diameter of the cavernosal artery should be 
measured on each side. Color  fl ow Doppler 
makes recognition of the location and direction 
of blood  fl ow easy. Measurements of vessel diam-
eter to assess the peak systolic  fl ow velocity 
(PSV) as well as end-diastolic  fl ow velocity 
(EDV) allow for the assessment of a vascular 
resistive index (RI) (Fig.  7.4 ). The diameter of 
the cavernosal artery ranges from 0.2 to 1.0 mm 
in a  fl accid penis  [  11,   12  ] . PSV varies at different 
points along the length of the cavernosal artery, 
typically with higher velocities occur more prox-
imally  [  13  ] . Hence, assessment of the PSV and 
EDV should be recorded at the junction of the 
proximal one-third and the distal two-thirds of 
the penile shaft. In the  fl accid state, cavernosal 
artery PSV normally measures 5–15 cm/s, at 
baseline. This should be assessed and compared 
to the pharmacostimulated state  [  14,   15  ] .  

 Intracavernosal injection therapy should 
then be given. At regimented serial time points 
following the injection of vasoactive medica-
tion, cavernosal artery dimensions, and  fl ow 
velocities should be recorded to assess the 
response to pharmacologic stimulation. After 
prepping the lateral aspect of the penile shaft 

   Table 7.1    Indications for penile and urethral ultrasound   

 Vascular pathology 
  Erectile dysfunction (ED) 
   Cavernosal artery diameter 
   Flow velocity 
    Peak systolic velocity (PSV) 
    End-diastolic velocity (EDV) 
    Resistive index (Ri) 
  Priapism 
   High  fl ow (arterial) 
   Low  fl ow (ischemic) 
  Penile trauma/fracture 
  Dorsal vein thrombosis 
 Structural pathology 
  Penile  fi brosis/Peyronie’s disease 
    Plaque assessment (number, location, echogenicity, 

and size) 
   Perfusion abnormalities 
   Perfusion surrounding plaques 
  Penile mass 
   Primary penile tumors 
   Metastatic lesions to the penis 
  Penile foreign body (size, location, echogenicity) 
 Penile urethral disease 
  Urethral stricture (location, size) 
   Perfusion surrounding plaques 
  Calculus/foreign body 
  Urethral diverticulum/cyst/abscess 
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with an alcohol or povidone-iodine prep pad, a 
 fi nely measured volume of a vasoactive agent 
should be injected into one corpus cavernosum 
(in the distal two-thirds of the penile shaft) 
using a 29 or 30 gauge ½″ needle. Pressure 
should be held on the injection site for at least 
2 min to prevent hematoma formation. 

 Vasoactive agents used for pharmacologic 
stimulation of erection include prostaglandin E1, 
papaverine, or trimix (combination of prostaglan-
din E1, papaverine, and phentolamine)  [  16  ] . 
As with every medication administration, the 
expiration date of the medication should be 
reviewed, patient allergies should be evaluated, 
and the dosage administered should be docu-
mented. We obtain an informed consent after the 
patient is counseled about the known risk for 
developing a low- fl ow priapism and appropriate 
follow-up if this were to arise  [  17  ] . This protocol 
requires the patient to stay in the of fi ce until penile 
detumescence occurs. A treatment protocol for 

low- fl ow priapism is given in Table  7.2 . Of note, 
for patients in which we have given a vasoactive 
agent and have had to treat for low- fl ow priapism, 
aspiration, irrigation, and injection of intracorpo-
ral phenylephrine are usually successful to reverse 

  Fig. 7.4    The right cavernosal artery is imaged 15 min 
after intracavernosal injection of 0.25 mL of the trimix. 
The measured vessel diameter is 0.89 mm. The direc-
tion of  fl ow and a dorsal branch of the cavernosal artery 
is easily appreciated with color Doppler. Also docu-
mented on this image is measurement of arterial diam-
eter (0.89 mm), PSV (20.6 cm/s), EDV (8.9 cm/s), and 

calculated RI (0.57) are shown. Please note that the 
angle of incidence is electronically made to be 60° by 
both electronic steering of the transducer and aligning 
the cursor to be parallel to the  fl ow of blood through the 
artery. In addition the width of the caliper is adjusted to 
be approximately ¾ the width of the artery for best 
sampling       

   Table 7.2    Treatment protocol for low- fl ow priapism 
caused by pharmacologic induction by vasoactive agents   

 Observation: If no detumescence in 1 h, then    
 •  Aspiration: With a 19 or 21 gauge butter fl y needle 

aspirate 30–60 cc corporal blood. A sample should be 
sent for diagnostic cavernosal blood gas to con fi rm 
low- fl ow, ischemic state. Repeat in ½ h if 100% 
rigidity returns 

 • Pharmacologic detumescence: 

 Phenylephrine 100–500  m g injected in a volume of 
0.3–1 cc every 3–5 min for a maximum of 1 h 
 Monitor for acute hypertension, headache, re fl ex 
bradycardia, tachycardia, palpitations, and cardiac 
arrhythmia 
 Serial noninvasive blood pressure and continuous 
electrocardiogram monitoring are recommended 
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the priapism state. In our experience, when 
required, corporal aspiration alone has been 
 uniformly successful in the setting of pharmaco-
logically induced priapism following diagnostic 
duplex penile ultrasonography.  

 Arteriogenic ED is a form of peripheral vascu-
lar disease, commonly associated with diabetes 
mellitus and/or coronary artery disease. PSV is 
the most accurate measure of arterial disease as 
the cause of ED. The average PSV after intracav-
ernosal injection of vasoactive agents in healthy 
volunteers without ED ranges from 35 to 47 cm/s, 
with a PSV of 35 cm/s or greater signifying arte-
rial suf fi ciency following pharmacostimulation 
 [  18–  23  ] . Primary criteria for arteriogenic ED 
include a PSV less than 25 cm/s, cavernosal 
artery dilation less than 75%, and acceleration 
time >110 ms. In cases of equivocal PSV mea-
surements, particularly when PSV is between 25 
and 35 cm/s included, asymmetry of greater than 
10cm/s in PSV comparing the two cavernosal 
arteries, focal stenosis of the cavernosal artery, 
cavernosal artery, and cavernosal-spongiosal  fl ow 
reversal  [  24  ] . 

 Veno-occlusive insuf fi ciency, also referred to 
as venous leak, can only be diagnosed in cases of 
ED where the patient was con fi rmed to have 
appropriate arterial function as measured by 
PSV. PDU parameters to assess the presence of 
veno-occlusive insuf fi ciency as the cause of ED 
are EDV and RI. Antegrade EDV greater than 
5 cm/s in the cavernosal artery demonstrated 
throughout the study, especially at the most tur-
gid level of erection achieved, is suggestive of a 
venous leak  [  25,   26  ] . This is only true if PSV is 
normal. Arteriogenic dysfunction by de fi nition 
fails to produce a fully tumescent and rigid phal-
lus. In the setting of venous leak, EDV is always 
greater than 0. The de fi nitive test for venous leak 
is the DICC (dynamic infusion cavernosography 
and cavernosometry). However, when both arte-
riogenic and venogenic dysfunction exists, inter-
pretation of DICC is dif fi cult. On PDU an RI of 
less than 0.75, measured 20 min following maxi-
mal pharmacostimulation, has been found to be 
associated with a venous leak in 95% of patients 
 [  27  ] . In the absence of a venous leak, a fully 
erect penis should have an EDV nearing zero, 

and hence the RI should approach or exceed 
(when reverse  fl ow occurs) 1.0 (Fig.  7.5 ). In 
cases of diagnostic PDU with intracavernosal 
pharmacostimulation where an RI of 1.0 or 
greater is achieved, we recommend immediate 
treatment or prolonged observation to achieve 
detumescence because of the high speci fi city of 
absent diastolic  fl ow for priapism  [  28  ] .  

 In cases where arterial function and venous 
leak may be coexistent processes, indeterminate 
results may be yielded on PDU, and a mixed 
vascular cause of ED may be assumed. However, 
venous competence cannot be accurately 
assessed in a patient with arterial insuf fi ciency 
(Fig.  7.6 ).  

 As previously discussed, arteriogenic ED has 
been found to correlate directly with other sys-
temic cardiovascular diseases, both coronary 
artery disease (CAD) and peripheral vascular 
 disease (PVD), in a number of population studies 
 [  29,   30  ] . Researchers have postulated the  common 
risk factor of atherosclerotic vascular disease and 
impaired endothelium-dependent vasodilation by 
way of the nitric oxide pathway as the underlying 
pathophysiologic explanation for the remarkable 
overlap between these disease processes  [  31–  33  ] . 
Also, hypogonadism has been noted as a com-
mon etiology for organic erectile dysfunction and 
disorders leading to metabolic syndrome  [  34, 
  35  ] . Vessel compliance is compromised in arte-
riogenic ED as it is in CAD. Patients with severe 
vascular etiology ED have an increased cavern-
osal artery diameter of less than 75% (with over-
all luminal diameter rarely above 0.7 mm) 
following injection of vasoactive agents into the 
corpora cavernosa  [  22,   36  ] . 

 Studies have demonstrated that vasculogenic 
ED may actually provide a lead time on other-
wise silent and undiagnosed cardiovascular dis-
ease  [  29,   37,   38  ] . ED has also been found to 
predict metabolic syndrome in men with normal 
body weight, as de fi ned by body mass index 
(BMI) less than 25 kg/m  [  2  ] , suggesting that the 
early diagnosis and intervention of vasculogenic 
ED might avert signi fi cant morbidity and provide 
a public health bene fi t by reducing the signi fi cant 
risk of cardiovascular and metabolic syndrome 
risk in men with ED  [  3,   5,   10,   39–  42  ] .   
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  Fig. 7.5    In a fully erect phallus the RI should approach 
or exceed 1.0. If this condition persists, it is termed low-
 fl ow priapism. Color Doppler ultrasound  fi ndings in 
low- fl ow priapism demonstrate poor  fl ow or absent  fl ow 

in the cavernosal artery of the penis with moderate  fl ow 
in the dorsal artery and vein. Also, there is no  fl ow within 
the corpora cavernosa       

  Fig. 7.6    With maximal stimulation, a PSV less than 25 cm/s suggests signi fi cant arteriogenic dysfunction. Referral for 
evaluation of cardiovascular disease is recommended       
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  Fig. 7.7    Color Doppler ultrasound  fi ndings in a high- fl ow priapism demonstrating high- fl ow velocity in the cavernosal 
artery (ca) feeding the arteriovenous  fi stula (AVF)       

   Priapism 

 Priapism can be differentiated as low- fl ow 
(ischemic) or high- fl ow (arterial) using PDU. 
Ultrasound plays an adjunct role to an illustra-
tive history which may commonly indicate the 
likely underlying mechanism of priapism. Like 
laboratory tests including a cavernosal blood 
gas, PDU provides documentable  fi ndings that 
may guide further treatment. High- fl ow priapism 
is commonly a result of pelvic or perineal trauma 
which results in arterial  fi stulization between the 
cavernosal artery and the lacunae of the corpus 
cavernosum. Unlike low- fl ow priapism, which is 
a medical emergency associated with severely 
compromised venous drainage from the corpora 
cavernosa, high- fl ow priapism does not result in 
venous stasis and rapid risk of tissue necrosis. 
Ultrasound used to aide in the de fi nitive diagno-
sis and localization of the cause of high- fl ow 
priapism can expedite treatment with selective 
angioembolization  [  43  ] . In cases of high- fl ow 
priapism PDU reveals normal or increased blood 
 fl ow within the cavernosal arteries and irregular, 
turbulent  fl ow pattern between the arteries into 
the cavernosal body at the site of an arterial-

Protocol box: suggested postinjection 
images when evaluating erectile dysfunction

   5 and 10 min  • 
  Inner diameter measurements of left • 
and right cavernosal artery and mid 
phallus.  
  Spectral Doppler waveform with • 
PSV, EDV, and RI.  
  Optional: acceleration time.  • 

  15 and 20 min (second injection if • 
indicated)  

  Inner diameter measurements of left • 
and right cavernosal artery and mid 
phallus.  
  Spectral Doppler waveform with • 
PSV, EDV, and Ri.  
  Optional: acceleration time.  • 

  25 and 30 min (third injection if indicated)  • 
  Inner diameter measurements of left • 
and right cavernosal artery and mid 
phallus.  
  Spectral Doppler waveform with • 
PSV, EDV, and Ri.  

  Optional: acceleration time.   • 
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lacunar  fi stula (Fig.  7.4 ). In contrast, a low- fl ow 
priapism on PDU would present with absent or 
very high-resistance  fl ow within the cavernosal 
artery (Fig.  7.7 ).  

 A transperineal approach should also be used 
in cases of suspected high- fl ow priapism to fully 
evaluate the proximal aspects of the corpora cav-
ernosa. Ultrasonography of these deep structures 
may reveal ateriocavernosal  fi stula following 
perineal trauma, not evident by routine scanning 
of the penile shaft.  

   Penile Fracture 

 Similar to priapism, the diagnosis of penile 
fracture is largely clinical, based upon the history 
gathered combined with the physical examina-
tion  fi ndings. However, PDU may play an impor-
tant diagnostic role in more elusive cases, 
expediting a de fi nitive diagnosis and early surgi-
cal management  [  44,   45  ] . Penile fracture can be 
seen on ultrasonography as a break point in the 
normally thin, hyperechoic tunica albuginea with 
altered echotexture in the adjacent area in the cor-
pus cavernosum (Fig.  7.8a, b ). This area of injury 
is also void of blood  fl ow on color  fl ow Doppler. 
Penile ultrasound can be used to measure the 
resultant hematoma that extrudes from the break 
point in the tunica albuginea (Fig.  7.8c ).  

 In cases of both conservative management and 
postsurgical exploration and repair, PDU can be 
used as a minimally invasive follow-up study to 
ensure progressive healing, resorption of the 
hematoma, and intact blood  fl ow on serial evalu-
ations. Also, PDU allows for a dynamic anatomic 
assessment of erectile function following penile 
fracture in patients who have ED.  

   Dorsal Vein Thrombosis 

 Occasionally, dorsal vein thrombosis, often called 
Mondor’s phlebitis, occurs with the triad of clini-
cal symptoms of in fl ammation, pain, and fever 
resulting in patient consultation. There is often 
some induration and tenderness over the involved 
vein. The etiology has been variously ascribed to 
neoplasm, mechanical injury during intercourse, 

  Fig. 7.8    Penile fracture depicted at the level of a tunica 
albugineal tear and presence of air spreading from ure-
thral lumen through the corpus spongiosum ( a ,  curved 
arrow ) and right corpus cavernosum ( a ,  straight arrow ). 
In ( b ) the fracture is shown ( long arrow ) with tissue bulg-
ing above the tunica albuginea. The hematoma in ( c ) is 
seen outside of the right (RT) and left (LT) corporal bod-
ies. The  arrow  indicates the tunical disruption       
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sickle cell disease, varicocele surgery, and herpes 
simplex infection. Occlusion of the vein can be 
visualized on ultrasound (Fig.  7.9 ) and followed 
with serial imaging as required to document 
resolution which usually occurs spontaneously as 
patency is reacquired in 6–8 weeks  [  46–  50  ] .   

   Peyronie’s Disease 

 Penile ultrasonography can be used as an adjunct 
to a complete history and physical examination in 
the assessment of a patient with Peyronie’s dis-
ease. Fibrotic plaques can be visualized as hyper-
echoic or hypoechoic areas of thickening of the 
tunica albuginea (Fig.  7.10a )  [  51,   52  ] . At times 
these plaques have elements of calci fi cation, 
which cause a distinct hyperechoic focus with 
posterior shadowing on ultrasound (Fig.  7.10b ). 
Ultrasonography can aid to con fi rm the presence 
of plaques palpated on physical examination and 
allows for accurate measurement of these lesions. 
Whenever possible, measurement of the plaque 
length, width, and depth should be obtained and 
documented. PDU can be used to assess perfu-
sion around the area of plaques. Hyperperfusion 
is suggestive of active in fl ammation.  

 Many men with Peyronie’s disease have coex-
istent ED. Men with Peyronie’s disease and ED 
most commonly have veno-occlusive insuf fi ciency 
secondary to the  fi brotic plaques present, but arte-
rial insuf fi ciency or mixed vascular abnormalities 
can also be implicated as the cause of ED  [  53  ] . 

Comprehensive assessment of the underlying 
cause of ED using PDU provides guidance for the 
most appropriate patient-speci fi c treatment 
course. In men with normal erectile function, pli-
cation or grafting procedures may be preferred. In 
men with concomitant Peyronie’s disease and 
ED, reconstructive procedures may be undertaken 
with added care to de fi ne perforating collateral 
vasculature from the dorsal artery system. In more 
severe cases penile implant may be indicated.  

   Penile Masses 

 Most commonly masses discovered on physical 
examination are benign entities such as Peyronie’s 
plaques, subcutaneous hematomas, or cavernosal 
herniation through tunica albuginea defects. 

 Cancerous lesions of the penis are rare. 
Nevertheless, primary penile carcinomas with 
deep invasion and more rarely metastatic lesions 
may present as masses within the penile deep tis-
sues. Penile carcinoma is usually identi fi ed by 
inspection as most arise as a super fi cial skin 
lesion. Ultrasound usually identi fi es these lesions 
as hypoechoic ill-de fi ned lesions with increased 
blood  fl ow relative to surrounding tissues. 
Although not indicated for staging purposes, 
ultrasound can aid in assessment of anatomic 
relationships of the mass to deep structures, at 
times identifying depth of penetration in cases 
where the tumor clearly invades the tunica albug-
inea and corporal bodies  [  54,   55  ] . 

 Metastatic deposits within the penis are 
exceedingly rare, but appear on ultrasound simi-
lar to primary penile carcinomas as hypoechoic 
lesions with hyperperfusion (Fig.  7.11a ). However, 
metastatic lesions in the penis are rarely contigu-
ous with the skin surface and are more commonly 
well circumscribed compared to  primary penile 
cancers (Fig.  7.11b )  [  56  ] .   

   Penile Urethral Pathologies 

 Penile ultrasound has been used as an adjunct 
to the physical examination to better diagnose 
and de fi ne speci fi c urethral pathologies. Direct 

  Fig. 7.9    Thrombosis of the dorsal penile vein (Mondors’ 
phlebitis) is shown by the  arrow        
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urethral visualization using a cystoscope is the 
preferred diagnostic test for many urologists. 
However, ultrasound can provide an economi-
cally sound and noninvasive alternative for the 
assessment of urethral stricture, foreign bodies 
including urethral calculi, and urethral and 
periurethral diverticula, cysts, and abscesses. 

 Urethral strictures are the result of  fi brous scar-
ring of the urethral mucosa and surrounding spon-
giosal tissues which contract and narrow the 
luminal diameter of the urethral channel. Common 
causes of penile urethral strictures are infections, 

trauma, and congenital narrowing. Urethral trauma 
resulting in stricture disease includes, but is not 
limited to, straddle injury, passage of stones or for-
eign bodies, and iatrogenic instrumentation includ-
ing catheterization and cystoscopy. Although 
retrograde urethrography is the standard imaging 
modality for urethral stricture disease (both ante-
rior and posterior segments), penile ultrasound 
provides a more accurate assessment of stricture 
length and diameter in the anterior segment 
 [  57–  59  ] . Furthermore, penile ultrasound allows 
for assessment of stricture involvement within the 

  Fig. 7.10    ( a ) Hyperechoic areas on the dorsal and ven-
tral surface of the left corpora cavernosa consistent with-
out posterior shadowing consistent with non-calci fi ed 

plaques. ( b ) A calci fi ed plaque ( arrows ) at the base and 
midportion of the phallus with posterior shadowing ( open 
arrows )       

  Fig. 7.11    ( a ) Squamous cell carcinoma of the penis 
( asterisk ) con fi ned to subepithelial tissue. The tunica 
albuginea of the corpora cavernosa ( arrowheads ) is 

intact. ( b ) Bladder cancer metastatic to penis with  diffuse 
( asterisk ) and nodular (N) involvement of the corpora 
cavernosa       
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periurethral spongy tissue whereas a classic ure-
throgram only assesses the luminal component of 
the pathology (Fig.  7.12a, b )  [  60  ] . On B-mode 
ultrasonography, strictures appear as hyperechoic 
areas surrounding the urethra without evidence of 
Doppler  fl ow, consistent with  fi ndings of  fi brosis. 
However, the  fi brotic stricture segment may have 
surrounding Doppler  fl ow demonstrating hypere-
mia from in fl ammation. With distension of the 
urethra with saline or lubricating jelly, areas of 
narrowing can be appreciated, corresponding to 
the location of a stricture (Fig.  7.12b  top).  

 Urethral foreign bodies or calculi suspected 
based upon patient history and physical examina-
tion can be easily con fi rmed with penile ultra-
sound. Shape, size, and location of these obstructing 
bodies can be assessed, and a therapeutic plan can 
be made based upon the data obtained  [  61  ] . 

 Urethral and periurethral diverticuli, cysts, 
and abscesses can be delineated with penile ultra-
sound with ease. A contrast medium such as nor-
mal saline or lubricating jelly is needed to provide 
a differential in ultrasound impedance to identify 
urethral or periurethral diverticula with the best 
sensitivity  [  62  ] . Cysts and abscesses around the 
urethra can be visualized using penile ultrasound 
without the insertion of contrast material. 
However, at times contrast material can be useful 

in identifying whether the structures noted are 
separate from the urethra once distended.   

   Importance of the Angle of Insonation 

 The Doppler shift (FD) is a change in frequency 
between the transmitted sound wave  F  

T
  and 

received sound wave  F  
R
  resulting from the inter-

action between the frequency of the sound waves 
transmitted by the transducer ( F  

T
 ), the velocity of 

blood ( V  
BF

 ), the cosine of the angle of incidence 
(  q  ) between the vector of the transmitted sound 
wave from the transducer and the vector of blood 
 fl ow, as well as the speed of sound in tissue ( c ) as 
given by the equation

     T BF
R T

(2* * * cos )
FD .

θ
= − =

F V
F F

c
    

 This concept of a Doppler shift is used to mea-
sure blood  fl ow velocity whereby the shift in sound-
wave frequency is detected by the ultrasound 
transducer after encountering active blood  fl ow. 

 However, several factors in fl uence the resul-
tant frequency shift and hence the measured 
velocity. These include the incident frequency of 
the ultrasound beam used, speed of sound in soft 

  Fig. 7.12    ( a ) Normal Radio-urethrography ( top ) and 
sonourethrography ( bottom ). ( b ) Urethral stricture ( arrow ) 
with sonourethrography ( top ) and sonourethrography with 

color Doppler ( bottom ). Note the lumenal perfusion detail 
given by sonourethrography       
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tissues, the velocity of the moving re fl ectors (i.e., 
blood in a vessel), and the angle between the 
 incident beam and vector of blood  fl ow (  q  ) called 
the angle of insonation. 

 The angle of insonation is inversely related to 
Doppler shift. Hence, as the angle of insonation 
increases, approaching 90°, the Doppler shift 
decreases; and therefore the calculated blood 
 fl ow velocity decreases to 0. The Doppler angle 
is therefore a signi fi cant technical consideration 
in performing duplex Doppler examinations, and 
an ideal angle of insonance between 0 and 60° is 
required (Fig.  7.13 ).  

 Clinical pearl: even if the angle of insonance 
is not corrected, the RI will be accurate. However, 
PSV and EDV will be inaccurate.  

   Proper Documentation 

 Complete and meticulous documentation of every 
ultrasound examination is an element of a compre-
hensive study. Documentation often entails a series 
of representative static images or cine series (when 
electronic storage space and technology allows) 
that are archived with an associated report 
 documenting pertinent  fi ndings and indicated 
measurements and calculations. The combination 
of images and a written document of  fi ndings 
allows for optimal diagnosis aiding in patient care, 
archival reference in the patient medical record, 
and appropriate billing of services provided. 
Table  7.3  represents some diagnoses and associ-

ated ICD-9 codes for these diagnoses prompting 
or resulting from penile ultrasound evaluations.  

 An example report of a PDU performed as an 
element of an ED workup is shown in the 
Appendix. Each report must include patient 
identi fi cation (i.e., name, medical record number, 
date of birth, etc.), date of the examination, type 
of examination performed, indications for the 
examination, and pertinent  fi ndings and diagno-
ses. It is mandatory to include complete 
identi fi cation of the patient and study. Each report 
should also be undersigned by the ultrasonogra-
pher and physician interpreter of the study to 
document who performed the study and who read 
the results in cases where a technician performs 
the study  saving images for a physician’s inter-
pretation. Copies of the printed images should be 
attached to the report or electronically stored 
images and/or videos should be referenced in the 
written report. The ultrasound images should be 
labeled with the date and time of the study, patient 
identi fi cation, and applicable anatomic labeling.  

   Conclusion 

 With a proper understanding of penile anatomy 
and functional physiology, penile ultrasound pro-
vides a real-time imaging modality assessing the 
static anatomic features and vascular dynamics. 
As a diagnostic modality, ultrasound provides 
urologists a vital tool in the of fi ce assessment of 
ED, Peyronie’s disease, penile urethral strictures, 
and masses of the penis as well as an acute care 
setting evaluation of a penile trauma patient. It is 
essential that urologists maintain pro fi cient PDU 
skills in their diagnostic armamentarium.       

  Fig. 7.13    Doppler angle: The change in Doppler fre-
quency ( D  F ) is directly related to the cosine of the angle 
of insonance (  q  ). The angle of insonance (the angle 
between the incident beam and the vector of blood  fl ow) 
must be less than 60° for accurate measurements of blood 
 fl ow velocity       

   Table 7.3    ICD-9 diagnosis codes for cases prompting 
penile ultrasound examination   

 594.2  Urethral stone 
 597.0  Urethral abscess 
 598.9  Urethral stricture 
 599.2  Urethral diverticulum 
 607.3  Priapism 
 607.84  Erectile dysfunction 
 607.85  Peyronie’s disease 
 939.0  Foreign body in urethra 
 959.13  Penile fracture 
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   Appendix 

 A sample report template for a penile Doppler ultrasound performed as a diagnostic element in a case 
of erectile dysfunction.   
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         Introduction    

 Transabdominal pelvic ultrasound provides 
instant noninvasive imagery of the lower urinary 
tract for the assessment of urologic conditions. 
It is useful in evaluating patients with lower uri-
nary tract symptoms. The examining physician 
gains valuable information about the anatomy 
and function of a patient’s bladder and prostate. 
In the female patient, bladder hypermobility 
can be assessed. Urologists performing and 
interpreting bladder ultrasound will have a 
speci fi c clinical question in mind as a reason for 
performing the scan. In order to obtain a good-
quality diagnostic image and render an interpre-
tation of the ultrasound  fi ndings, it is important 
to have an understanding of ultrasound machine 
settings, patient positioning, probe manipula-
tion, normal ultrasound anatomy, and common 
artifacts.  

   Indications 

 Ultrasound of the bladder is performed for a 
variety of clinical indications (Table  8.1 ). When 
the bladder is full, it provides information about 
bladder capacity as well as bladder wall thickness. 
The presence of bladder wall pathology such as 
tumors, trabeculations, and diverticula and the 
presence of bladder stones or of a foreign body 
can also be ascertained. Imaging of the ureteral 
ori fi ces using Doppler can con fi rm the presence 
of ureteral ef fl ux of urine. The presence of a ure-
terocele or a stone in the distal ureter or the pres-
ence of distal ureteral dilation may also be 
appreciated. In the male patient, prostate size and 
morphology may be evaluated. In the female 
patient, bladder hypermobility can be assessed. In 
male and female patients, the proper position of a 
urethral catheter in the bladder can be con fi rmed 
(Fig.  8.1 ). The presence of blood clot and tumor 
in the bladder can also be determined (Fig.  8.2 ).    

 Pelvic ultrasound may also be useful to guide 
procedures such as de fl ation of a retained catheter 
balloon or for guiding the placement of a supra-
pubic catheter  [  1  ] .  

   Patient Preparation and Positioning 

 The patient should have a full bladder but should 
not be uncomfortably distended. A bladder vol-
ume of approximately 150 cc is optimal. The 
patient is placed in the supine position on the 
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examining table. The abdomen is exposed from 
the xiphoid process to just below the pubic bone. 
The patient may place their arms up above their 
head or by their side on the table. The room should 
be at a comfortable temperature. The lights are 
dimmed. A paper drape placed over the pelvic area 
and tucked into the patient’s clothing will protect 
the clothing and allow for easy cleanup after the 
procedure. The examiner assumes a comfortable 
position to the patient’s right.  

   Equipment and Techniques 

 The appropriate mode for performing pelvic 
ultrasound is selected on the ultrasound equip-
ment, and the patient’s demographics are entered 
into demographic  fi elds. A curved-array trans-
ducer is utilized for the pelvic ultrasound study 

(Fig.  8.3 ). The advantage of the curved-array 
transducer is that it requires a small skin surface 
for contact and produces a wider  fi eld of view. In 
the adult patient, a 3.5–5.0 MHz transducer is uti-
lized to examine the bladder. For the pediatric 
patient, particularly for a small, young child, a 
higher frequency transducer is desirable, partic-
ularly for a small, young child.  

 An even coating of warm conducting gel is 
placed on the skin of the lower abdominal wall 
or on the probe face. Prior to beginning the 
ultrasound examination the transducer is most 
often held in the examiner’s right hand. The 
orienting notch on the transducer is identi fi ed 
(Fig.  8.3 ). The orientation of the transducer may 
be con fi rmed by placing a  fi nger on the contact 
surface near the notch. The image produced by 
contact with the  fi nger should appear on the left 
side of the screen indicating the patient’s right 
side in the transverse plane and the cephalad 
direction in the sagittal plane. 

 Various techniques for probe manipulation are 
useful in ultrasound (Fig.  8.4 ). The techniques of 
rocking and fanning are non-translational, mean-
ing the probe face stays in place while the probe 
body is rocked or fanned to evaluate the area of 
interest. The techniques of painting and skiing 
are translational, meaning the probe face is moved 
along the surface of the skin to evaluate the area 
of interest. All four techniques are useful for 
avoiding obstacles like the pubic bone or bowel 
gas and for performing a survey scan.  

 Ultrasound of the bladder may be started in the 
transverse view with the notch on the transducer 
to the patient’s right (Fig.  8.5 ). The transducer is 
placed on the lower abdominal wall with secure 
but gentle pressure. If the pubic bone is in the  fi eld 
of view, the bladder may not be fully visualized. 
The pubic bone will re fl ect the sound waves 
resulting in acoustic shadowing which obscures 
the bladder. The pubic bone may be avoided by 
varying the angle of insonation using the fanning 
technique until a full transverse image is obtained. 
In the transverse view of the bladder, the right 
side of the bladder should appear on the left side 
of the screen. The machine settings may be 
adjusted until the best-quality image is obtained.   

   Table 8.1    Indications for bladder ultrasound   

  1. Measurement of bladder volume 
  2. Measurement of post-void residual 
  3. Measurement of prostate size and morphology 
  4.  Assessment of anatomic changes associated with 

bladder outlet obstruction 
  a. Bladder wall thickness 
  b. Bladder wall trabeculation 
  c. Bladder wall diverticula 
  d. Bladder stones 
  5.  Documentation of ef fl ux of urine from the ureteral 

ori fi ces 
  6. Evaluation of pediatric posterior urethral valves 
  7. Assessment of correct position of a urethral catheter 
  8. Guidance for placement of a suprapubic tube 
  9.  Assessment for completeness of the evacuation of 

bladder clots 
 10. Evaluation of hematuria 
 11. Evaluation for bladder tumors 
 12. Evaluation for distal ureteral dilation 
 13. Evaluation for foreign body in bladder 
 14. Evaluation for distal ureteral stone 
 15. Evaluation for ureterocele 
 16. Evaluation for complete bladder emptying 
 17. Assessment for bladder neck hypermobility in women 
 18. Evaluation of pelvic  fl uid collections 
 19.  Guidance for transperineal prostate biopsy 
 20.  Imaging of prostate when the rectum is absent or 

obstructed 
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  Fig. 8.1    ( a ) The tip of the balloon catheter is seen in the bladder ( arrow ). ( b ) Image of the in fl ated balloon in the blad-
der ( arrow )       

  Fig. 8.2    Residual blood clot in the bladder after irrigation for clot retention       

  Fig. 8.3    Curved-array transducer with orienting notch ( arrow )         Fig. 8.4    Various techniques for probe manipulation       
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   Survey Scan of the Bladder 

 A survey scan should be conducted prior to address-
ing speci fi c clinical conditions to determine if any 
additional or incidental pathology is present. The 
survey scan is performed in the transverse view 

then the sagittal view, the length. When starting 
with a transverse view, the sagittal view is obtained 
by rotating the transducer 90° clockwise with the 
probe notch pointing toward the patient’s head 
(Fig.  8.6 ). The rocking technique may be used to 
facilitate viewing the bladder in the sagittal view.   

  Fig. 8.5    ( a ) Position of transducer for obtaining a trans-
verse image. Notch ( arrow ) is directed toward patient’s 
right. ( b ) Transverse image of the bladder with measure-

ments of the width ( 1 ) and height ( 2 ) of the bladder.  SV  
seminal vesicles       

  Fig. 8.6    ( a ) Position of the transducer with the notch to the patient’s head. ( b ) Sagittal image of the bladder with length 
of the bladder ( 3 ) from the dome on the  left  to the bladder neck (BN) at the  right        
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   Measurement of Bladder Volume 

 The bladder volume is obtained by  fi rst locating 
the largest transverse diameter in the mid-trans-
verse view (Fig.  8.7 ). The width and the height 
are measured. The transducer is then rotated 90° 
clockwise to obtain the sagittal view. In the mid-
sagittal view the length of the bladder is mea-
sured using the dome and the bladder neck as 
the landmarks. These measurements may be 
made using a split screen so that both measure-
ments are on the same screen. These images are 
printed or saved electronically. The bladder vol-
ume is calculated by multiplying the width, 
height, and length measurements by 0.625. 
When the speci fi ed measurements are obtained, 
the calculated bladder volume will usually be 
automatically displayed. When measuring urine 
volume in the bladder, the report should indicate 
whether the volume is a bladder volume mea-
surement or a post-void residual urine volume 
measurement.   

   Measurement of Bladder Wall 
Thickness 

 Measurement of bladder wall thickness is taken, 
by convention, when the bladder is  fi lled to at 
least 150 cc. Bladder wall thickness may be 

measured at a number of different locations. In 
this case the bladder wall thickness is measured 
along the posterior wall on the sagittal view 
(Fig.  8.8 ). If the bladder wall thickness is less 
than 5 mm when the bladder is  fi lled to 150 cc, 
there is a 63% probability that the bladder is not 
obstructed. However, if the bladder wall thickness 
is over 5 mm at this volume, there is an 87% 
probability that there is bladder outlet obstruc-
tion. Nomograms are available to calculate the 
likelihood of urodynamically demonstrated 
bladder outlet for bladder wall thickness at vari-
ous bladder volumes  [  2  ] .   

   Evaluation of Ureteral Ef fl ux 

 The ef fl ux of urine from the distal ureters can 
be appreciated using power or color Doppler. 
By positioning the probe in the sagittal view 
(orienting notch toward the patient’s head) and 
then twisting the probe approximately 15° to 
one side or the other, the probe is aligned with 
the direction of urine ef fl ux from the ureteral 
ori fi ce. This will often demonstrate ef fl ux. 
Ureteral “jets” of urine can be seen on gray 
scale but are more easily seen using Doppler. 
These jets are seen as a yellow/orange streak 
when power Doppler is used (Fig.  8.9 ). These 
jets would appear red on color Doppler.   

  Fig. 8.7    The formula for calculating bladder volume = width ( 1 ) × height ( 2 ) × length ( 3 ) × 0.625       
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   Common Abnormalities 

   Bladder Stones 

 Many of the abnormalities appreciated on blad-
der ultrasound are the result of bladder outlet 
obstruction or urethral obstruction.  Bladder 

stones  may be easily visualized on ultrasound 
(Fig.  8.10 ). A stone will re fl ect sound waves 
resulting in a shadow posterior to the stone. 
A technique of having the patient turn on their 
side will cause the stone to move thus proving it to 
be a stone and not a  fi xed bladder wall lesion such 
as a bladder tumor with dystrophic calci fi cation.   

  Fig. 8.8    Bladder wall 
thickness, in this case, is 
measured ( arrows ) along 
the posterior wall. In this 
image the wall measures 
11.15 mm in thickness       

  Fig. 8.9    Ureteral jet ( arrow ) demonstrated using power Doppler       
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   Trabeculation and Diverticula 

  Trabeculation  of the bladder wall may be seen 
in response to distal obstruction. This  fi nding is 
often best observed on the sagittal view 
(Fig.  8.11 ).  Bladder diverticula  may be demon-
strated on ultrasound (Fig.  8.12 ). Using the 
Doppler mode, the fl ow of urine in and out of the 
diverticulum may be seen (Fig.  8.12b ).    

   Ureteral Dilation 

 The distal ureters may be examined sonograph-
ically for the presence of distal ureteral dilation 
(Fig.  8.13 ). Ureteral dilation is a nonspeci fi c 
 fi nding with multiple possible causes including 
primary congenital dilation, re fl ux, obstruction 
at the bladder neck from prostatic enlargement 
or at the urethra from posterior urethral valves, 
or urethral stricture disease. In some cases the 
obstruction may be caused by distal ureteral 
scar tissue, a tumor, or a distal ureteral stone 
(Fig.  8.14 ). The ureters are also evaluated in the 
sagittal view and are located in the bladder 
base.  Ureteroceles  may be well seen as rounded 
 fl uid- fi lled membranes (Fig.  8.15 ). Associated 
congenital abnormalities, such as duplication 
or ectopy may also be detected.     

   Neoplasms 

 Ultrasound of the bladder can determine the pres-
ence of focal lesions, such as bladder tumors 
(Fig.  8.16 ). The sensitivity of ultrasound for bladder 
tumor detection is dependent on the location and 
size of the tumor. Tumors located in the anterior 

  Fig. 8.10    A hyperechoic 
bladder calculus ( A ) is 
seen in this image along 
with the posterior acoustic 
shadowing from the 
calculus ( B )       

  Fig. 8.11    Trabeculation of the bladder is demonstrated 
in this sagittal image       
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region of the bladder will have the lowest detection 
rate on ultrasound (47%) whereas tumors located in 
the lateral side walls of the bladder have the highest 
detection rates  [  3  ] . The diameter of the bladder 
tumor also affects detection rate. Detection is most 
reliable for tumors >5 mm in diameter. In one study, 
the detection rate for tumors >5 mm was the highest 
for tumors located in the right lateral wall (100%) 
and lowest in the anterior wall (61%)  [  4  ] .  

 Ultrasound may be helpful in the  staging of 
bladder carcinoma . Although direct observation 
of the depth of bladder wall invasion is dif fi cult, 
some predictions of invasiveness may be obtained 
by measuring  contact length  (length of the base of 
the tumor that is in contact with the distended 

  Fig. 8.12    ( a ,  b ) Bladder diverticula (D) are seen. ( b ) 
The Doppler mode is used to demonstrate the  fl ow of 
urine out of the diverticula (D). The  fl ow of urine is 

from the diverticula into the bladder as indicated by the 
 red  color. Flow toward the transducer is assigned the 
color  red  in this case       

  Fig. 8.13    Dilated distal 
ureters ( arrows ) on this 
transverse view of the 
bladder. The cause of the 
dilation in this case was 
bladder outlet obstruction       

  Fig. 8.14    Dilated distal ureter seen on this transverse view 
of the bladder is a hypoechoic structure ( open arrow ) parallel 
to the  fl oor of the bladder. Shadowing ( yellow arrowhead ) is 
seen posterior to a distal ureteral calculus ( white arrow )       

 

 

 



1378 Transabdominal Pelvic Ultrasound

bladder wall) and  height  (distance from the base 
of the tumor to the luminal margin of the tumor). 
A  height - to - contact - length ratio  may be calcu-
lated. This ratio is correlated with the likelihood of 
muscle invasion (Fig.  8.17 ). In a study by Ozden 
et al., it was determined that a contact length of 
greater than 41.5 mm and a height-to-contact-
length ratio of less than 0.605 were the cutoff val-
ues for differentiating super fi cial from invasive 
tumors with a sensitivity rate of 81%  [  5  ] . Tumors 

smaller than 0.5 cm that are  fl at and/or near the 
bladder neck may be missed  [  4  ] .    

   Foreign Bodies and Perivesical 
Processes 

 Transabdominal ultrasound of the pelvis may 
be very useful in identifying foreign bodies in 
the bladder or in assessing perivesical pathology. 

  Fig. 8.15    Ureterocele 
( arrow ) is seen as a 
hyperechoic structure 
surrounding  fl uid. This 
ureterocele is thickened. 
Many ureteroceles appear 
as a thin hyperechoic 
membrane on ultrasound       

  Fig. 8.16    A bladder 
wall lesion (T) consistent 
with transitional cell 
carcinoma. The lack of 
shadowing suggests a 
soft tissue abnormality       
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Perivesical neoplasms and  fl uid collections are 
best appreciated when the bladder is full 
(Fig.  8.18 ).   

   Evaluation of the Prostate Gland 

 Once examination of the bladder has been con-
cluded attention is given to the prostate gland. The 
prostate is evaluated in both the transverse and 
sagittal views. To view the prostate, however, the 
ultrasound probe may need to be angled more 
steeply behind the pubic bone. It may be neces-
sary to apply more pressure to the probe in cases 

where the abdomen is protuberant. The height and 
width of the prostate are measured in the trans-
verse view (Fig.  8.19 ). The length of the prostate 
is measured by rotating the transducer 90° clock-
wise into the sagittal position, making sure to 
maintain the indicator on the probe toward the 
patient’s head (Fig.  8.20 ). The volume of the pros-
tate is automatically determined by most ultra-
sound equipment but may also be calculated using 
the formula: length × width × height × 0.523.   

 Intravesical prostatic protrusion (IPP) is mea-
sured on the sagittal view. IPP is present when the 
middle lobe extends into the bladder lumen 
(Fig.  8.21 ). IPP has been shown to correlate with 

  Fig. 8.17    Contact length 
( arrow  heads) is the width 
of a tumor that is in contact 
with the bladder wall. The 
tumor height (H) is 
obtained by measuring the 
distance from the base to 
the luminal margin of the 
tumor ( yellow arrow )       

  Fig. 8.18    Metastatic lesion from testicular tumor (T) adjacent to the bladder (B) shown on ultrasound in image ( a ) and 
on CT scan in image ( b )       
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bladder outlet obstruction as demonstrated by uro-
dynamic evaluation  [  6–  8  ] . The prostate should be 
carefully evaluated for calci fi cations in the paren-
chyma, lucent lesions, cysts, and solid mass effects. 
Further characterization of prostatic abnormalities 
can be made with digital rectal examination, tran-
srectal ultrasound, and computerized tomography 
if necessary. Other structures which may be evalu-
ated include the seminal vesicles and ejaculatory 
ducts, though they are typically better seen on 
transrectal ultrasound of the prostate.   

   Documentation 

 Proper documentation is imperative to creating a 
permanent record of the study. The images 
obtained should be of suf fi cient and uniform qual-
ity with appropriate labeling of structures. It is 
important that the report of the study state the 
indications for the study, description of  fi ndings, 
measurements, impression/assessment, and the 
signature and name of the interpreting physician. 

  Fig. 8.19    ( a ) The probe is positioned for evaluating 
the prostate in the transverse view. The orienting 
notch on the transducer is to the patient’s right side 

( black arrow ). In image ( b ) a full bladder (B) is help-
ful for visualizing the prostate (P). The width ( 1 – 2 ) 
and the height ( 3 – 4 ) are obtained       

  Fig. 8.20    ( a ) The probe is positioned for measuring prostate length. The notch is directed toward the patient’s head 
( black arrow ). ( b ) The length of the prostate (P) is measured as indicated by calipers  1 – 2  in this sagittal view       
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   Image Documentation 

    Measurement of bladder volume, if indicated • 
(this may be performed using a split screen)

   Midsagittal view length measurement from  –
dome of the bladder to the bladder neck  
  Mid-transverse view with height and width  –
measurements     

  Measurement of bladder wall thickness, if • 
indicated  
  Documentation of the presence of ureteral • 
jets, if indicated  
  Documentation of any abnormalities  • 
  Calculated bladder volume or post-void resid-• 
ual, if indicated  
  Measurement of prostate volume (this may be • 
performed using a split screen)

   Midsagittal view with height measurement   –
  Mid-transverse view with measurement of  –
width and length     

  Seminal vesicles: transverse and longitudinal • 
views for length and width measurements, if 
indicated  
  Measurement of IPP, if appropriate     • 

   Ultrasound Report 

    Patient identi fi cation (name, date of birth, • 
other facility identi fi ers)  
  Date of study  • 

  Facility name, location  • 
  Ordering physician  • 
  Indication  • 
  Findings: bladder measurements, prostate • 
measurements, bladder wall thickness, and 
abnormalities  
  Impression/assessment  • 
  Name of interpreting physician and signature      • 

   Automated Bladder Scanning 

 A handheld device to obtain a bladder volume or 
a post-void residual is an important piece of 
equipment for the urologist’s of fi ce. It allows for 
a quick measurement of post-void residual and 
can be performed by of fi ce staff. However, this is 
not a diagnostic ultrasound study and is only per-
formed if the intent of the study is to determine 
the bladder volume or post-void residual 
(Fig.  8.22 ). A diagnostic ultrasound machine may 
also be used to determine post-void residual. 
Automated bladder ultrasound may be useful for 
determining if a patient has an adequate pre-void 
bladder volume (>150 mL) prior to executing a 
urinary  fl ow rate determination.  

 Automated bladder scanners may be inaccu-
rate in a number of clinical circumstances 

  Fig. 8.22    An example of an automated bladder scanner. 
The automated bladder scan is useful for obtaining a 
post-void residual but is not considered a diagnostic 
ultrasound study       

  Fig. 8.21    The IPP is measured by  fi rst drawing a line ( A ) 
across the bladder neck. The protrusion of the prostate is 
determined by measuring the perpendicular length from 
line  A  to the luminal tip of the prostate, line ( B )       
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(Table  8.2 ). The presence of ascites, urinomas, or 
bladder diverticula may result in inaccurate deter-
minations of residual urine. Tumor, blood clots, 
or distortion of the bladder by extrinsic mass may 
also produce inaccurate results. Findings on auto-
mated scans which seem inappropriate to the 
clinical  fi ndings should be veri fi ed by manually 
performed transabdominal pelvic ultrasound.   

   Conclusion 

 Transabdominal pelvic ultrasound is a valuable 
tool in the practice of urology. It allows for the 
immediate assessment of many urologic condi-
tions and assists the urologist in immediate diag-
nosis and treatment.      
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   Table 8.2    Potential causes of inaccuracy by automated 
scanning devices   

 1. Obesity 
 2. Ascites 
 3. Clot retention 
 4. Bladder diverticulum 
 5. Perivesical  fl uid collection 
  a. Urinoma 
  b. Hematoma 
  c. Lymphocele 
  d. Ovarian cyst 
 6.  Distortion or compression of bladder by perivesical 

mass 
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         Introduction 

 Pelvic ultrasound is increasingly used to evaluate 
pelvic  fl oor disorders and has several advantages 
in contrast to other imaging modalities such as 
magnetic resonance imaging (MRI) and cystoure-
thrography. Ultrasound is relatively inexpensive, 
widely available, and offers real-time, dynamic 
imaging of pelvic anatomy without radiation. 
Most urologists are trained in transrectal ultra-
sonography. However, those skills are easily 
translated to translabial pelvic ultrasonography. 
This chapter focuses on 2D ultrasound imaging 
and technique as it is the most widely available 
and familiar to urologists. However, the expanding 
prevalence of 3D and 4D ultrasound reconstruc-
tions of pelvic anatomy will likely advance the 
understanding of pelvic  fl oor pathology and our 
appreciation and use of pelvic ultrasound. 

 This chapter describes the translabial pelvic 
ultrasound examination by anatomic compart-
ments. Normal and commonly encountered aber-
rant  fi ndings of the anterior, central, and posterior 

compartments are described. Imaging of surgically 
placed materials including transvaginal mesh and 
urethral bulking agents concludes the chapter.  

   Anterior Compartment 

 The anterior compartment includes the urethra, 
bladder neck, bladder, and retropubic space of 
Retzius, as well as the surrounding supportive 
muscular and connective tissue.  

   Indications for Anterior Compartment 
Ultrasound 

    The indications for anterior compartment ultra-
sound are urinary incontinence, urinary retention, 
urethral diverticulum, urethral stricture, urethral 
hypermobility, vaginal cyst, cystocele, mesh 
extrusion, mesh erosion, and pelvic pain.  

   Technique 

 Ultrasonographic examination of the anterior com-
partment is most commonly performed translabi-
ally with a 5–8 cm, 3.5–5 MHz, curved array 
transducer. Alternatively, the ultrasonographer may 
select a 7.5 MHz linear array transducer. In contrast 
to a transvaginal technique, translabial ultrasound 
examination is noninvasive and does not distort the 
pelvic anatomy. We typically perform the exam 
with the patient in the dorsal lithotomy position. 
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Conventional ultrasonography orients the 2D image 
in the midsagittal line with the pubic symphysis in 
the upper-left portion of the image (Fig.  9.1 ).   

   Normal Ultrasound Anatomy 

   Urethra 

 The urethral complex appears immediately caudal 
to the symphysis and includes the urethral mucosa, 
smooth muscle, and surrounding  vasculature 
(Fig.  9.2 ). The normally oriented urethra is paral-
lel to the incident ultrasound beam and appears 
hypoechoic. With increasing degrees of urethral 
hypermobility, the urethra moves more perpen-
dicular to the ultrasound beam, and the urethral 
complex progressively appears less hypoechoic.  

 The  fi bers of the rhabdosphincter are oriented 
transversely to the incident beam in the normally 
oriented urethra, and the rhabdosphincter thus 
appears hyperechoic. With progressive urethral 
hypermobility, rhabdosphincter orientation shifts 
in relation to the ultrasound energy and may 
become less hyperechoic  [  1  ] . Periurethral connec-
tive tissue appears hyperechoic relative to the ure-
thral complex, though clearly less echogenic than 
the adjacent inferoposterior margin of the pubis. 
Frequently observed punctate echogenicities within 

the urethra that are likely calci fi ed periurethral 
glands appear to be of no clinical signi fi cance     [  2  ] .  

   Bladder Neck 

 Multiple techniques are described, but the posi-
tion of the bladder neck may be most reliably 
described relative to the inferoposterior margin 
of the symphysis pubis  [  3  ] . Though bladder full-
ness in fl uences examination  fi ndings, volumes 
have not been standardized. A full bladder may 
reduce sensitivity in demonstrating the degree of 
bladder neck mobility, and an empty bladder 
makes it more dif fi cult to identify the location of 
the bladder neck  [  4  ] . 

 Bladder neck descent (BND) is convention-
ally determined by measuring the displacement 
of the bladder neck from rest to maximum 
Valsalva relative to the inferoposterior symphysis 
pubis margin (Fig.  9.3 ). The normal amount of 
BND has yet to be de fi ned with numerous pro-
posed cutoffs ranging between 15 and 30 mm. It 
does appear that the greater the BND, the more 
likely the patient is to have stress urinary inconti-
nence. Many variables confound the measure-
ment of BND, including Valsalva maneuver 
effort, bladder fullness, parity, and recruitment of 
levator ani contraction at time of Valsalva  [  5  ] . 
Alternatively, bladder neck mobility may be 

  Fig. 9.1    Two-dimensional orientation of translabial 
ultrasound image in midsagittal line.  U  urethra;  V  vagina; 
 R  rectum         Fig. 9.2    Hypoechoic urethra       
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measured by retrovesical angle (RVA). This angle 
measures urethral rotation around the urethral 
axis as demonstrated (Fig.  9.4 ). Normal RVA val-
ues, as commonly observed in continent patients, 
range from 90° to 120°  [  6  ] .   

 Abnormal funneling of the bladder neck and 
proximal urethra may also be observed both at 
rest and with Valsalva maneuver and with or 
without signi fi cant BND or enlarged RVA.  

   Bladder 

 The bladder is examined for position, wall 
thickness, intravesical volume, intravesical 
lesions, and adjacent ureterectasis of the distal 
ureters. In patients without prolapse, the bladder 
is positioned above the inferior margin of the 
symphysis pubis. Cystocele may be under-
staged if the bladder is examined only when 
fully distended, particularly in patients with 
stenosis of the vaginal introitus, as this will pre-
vent the bladder from descending during 
Valsalva maneuvers. If the bladder is examined 
while partially or completely distended, the 
luminal surface of the posterior wall in a par-
tially  fi lled bladder appears hyperechoic due to 
through-transmission of the incident beam. The 
bladder lumen should be examined for echogenic 
material such as debris secondary to infection, 
or urolithiasis. While bladder ultrasound is 

inadequate for complete oncologic screening, 
the urothelial surface should be examined for 
neoplasm. The inter-ureteric ridge is also com-
monly apparent. The distal ureter may be visual-
ized posterior to the ridge with lateral movement 
of the transducer. Inspection of the ureter at this 
level may reveal ureterectasis, possibly indicative 
of vesicoureteral re fl ux, ureteric obstruction, or 
normal physiology. Doppler  fl ow ultrasonography 
may reveal the presence of a ureteral urine jet. 
The absence of a ureteral jet does not establish 
ureteral obstruction; thus the clinical utility of a 
ureteral jet is debated  [  7  ] . 

 Much has been made of detrusor wall thick-
ness (DWT). Association between DWT and 
the presence of urodynamically proven detrusor 
overactivity, obstruction, stress incontinence, 
and  p  

det
 / Q  

max
  has been described  [  8  ] . In a com-

pliant bladder, DWT lessens with increased 
bladder  fi lling. No consensus exists regarding 
bladder volume at which DWT is calculated. 
DWT is calculated most commonly by measur-
ing the wall thickness at three discreet loca-
tions: posterior wall, dome, and anterior wall 
(Fig.  9.5 ). Some authors consider normal 
DWT to be 5 mm or less  [  9  ] , but this is contro-
versial  [  10  ] .    

  Fig. 9.3    Bladder neck descent.  Left side  image without 
Valsalva maneuver,  right side  image with Valsalva       

  Fig. 9.4    Retrovesical angle measurement describing ure-
thral rotation       
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   Common Abnormal Findings 

   Urethra 

 As mentioned above, urethral hypermobility may 
be suspected by static ultrasound imaging and 
con fi rmed with dynamic ultrasonography with 
Valsalva maneuvering. Periurethral tissues should 
be homogeneous and without hypoechoic, cystic-
appearing lesions. Periurethral lesions may 
include urethral diverticulum as well as nearby 
Gartner’s duct cysts. Large urethral     diverticula are 
readily imaged with ultrasound. (Typically, diver-
ticula arise from the dorsal aspect of the urethra.) 
Less frequently, they arise ventrally from the ure-
thra. Ultrasound is not as sensitive as MRI for 
small diverticula, but ultrasound can con fi rm an 
otherwise palpable  suburethral  fl uctuance sug-
gestive of diverticulum  [  11,   12  ] . 

 Gartner’s duct cysts and Bartholin’s gland 
lesions may be readily distinguished from ure-
thral diverticula. The former lesions are station-
ary on Valsalva maneuver while the diverticula 
are af fi xed to the urethra and thus commonly 
mobile on Valsalva. Diverticula of the urethra 
are commonly septated and  contain heteroge-
neously echogenic material. Bartholin’s and 
Gartner’s cysts are typically homogeneous in 
appearance  [  13  ] . Urethral ultrasonography may 
also reveal the presence and extent of periure-
thral  fi brosis. This may be important in patients 

with urethral stricture desiring reconstruction, or 
in planning extent of urethrolysis, or anti-incon-
tinence surgery (Fig.  9.6 ).   

   Bladder 

 Bladder ultrasonography may reveal bladder 
diverticula as well. These may appear as peri-
ureteral cystic lesions near the trigone and 
interureteric ridge or along the posterolateral 
walls and dome. Ureteroceles may also be 
visualized, particularly with ureterectasis. 
Bladder calculi may also be identi fi ed as hyper-
echoic intravesical  fi lling defects with poste-
rior shadowing. 

 Papillary bladder lesions may be identi fi ed as 
intravesical echogenic foci attached to the blad-
der wall (Fig.  9.7 ). These lesions are best imaged 
with a full bladder and may easily be missed 
without bladder distension.  

 Bladder ultrasound may reveal signi fi cant 
detrusor  fi brosis and thinning of the wall, perhaps 
suggestive of patients at risk for bladder rupture 
during planned hydrodistension. 

 Ultrasonography may also be valuable in 
of fi ce-based imaging of vesicovaginal  fi stulae. 
Particularly in radiation-induced  fi stula where 
physical exam is often precluded by patient dis-
comfort and distal vaginal stenosis, of fi ce-based 
ultrasound may prove useful in identifying extent 
of  fi brosis and ischemia. 

 With increasing use of mesh in vaginal recon-
struction, hyperechoic mesh is increasingly 
encountered. With 3D reconstruction, the lattice-
structure of the mesh is visible. This is more thor-
oughly explored later in the chapter.   

   Apical and Posterior Compartments 

   Basics of Apical and Posterior Prolapse 
Assessment 

 Translabial ultrasound can be used for the assess-
ment of apical and posterior vaginal wall prolapse 
 [  14,   15  ] . A full sonographic assessment of the 
apical portion of the vagina includes the uterus.

  Fig. 9.5    Bladder wall thickness       
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   The uterus can be dif fi cult to visualize due to 
a few factors: it is iso- to hypoechoic making 
it similar and dif fi cult to discern from vaginal 
 tissues, a retroverted position can be obscured by 
a rectocele or hidden by rectal contents, and over-
all it is small in size in postmenopausal women. 

There are some clues that can be used to localize 
the uterus. The cervix is typically seen as a 
 specular echo which represents its leading 
edge. A specular re fl ector re fl ects sound waves 
with minimal scatter usually producing a bright 
linear echo. The uterus can also be identi fi ed by 

  Fig. 9.6    Uterine fundus is easily visualized in image to the  left . Prolapse of the cervix and uterus is noted with Valsalva 
maneuver       

  Fig. 9.7    An enterocele is 
noted in the  left upper  
portion of the ultrasound 
image. In addition, a 
rectocele is also noted in 
the  upper-right  portion of 
the image       
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  Fig. 9.8    The inferior 
margin of the pubic 
symphysis is used as a line 
of reference. Perineal 
hypermobility is noted 
with descent of the rectal 
ampulla       

  Fig. 9.9    Normal position 
of the posterior vaginal 
wall is delineated with the 
 oblique white line . A 
rectocele is noted with 
prolapse of the true 
posterior vaginal wall into 
the vagina       

  Fig. 9.10    The white 
arrow points to the vault 
prolapse which contains 
small bowel (enterocele)       
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locating nabothian follicles which are oftentimes 
seen within the cervix. Translabial ultrasound 
can be readily used to locate the cervix, espe-
cially in patients with prolapse (Fig.  9.8 ). The 
same can be said for identifying a prolapsed vault 
posthysterectomy.  

 Quanti fi cation of apical prolapse is per-
formed using the cervix or pouch of Douglas 
and the posterior wall using the leading edge of 
rectocele. We use the inferior margin of the 
pubic symphysis as a line of reference for 
 measuring the degree of descent. Translabial 
ultrasound measurement of apical and posterior 
compartment prolapse has been shown to cor-
relate well with validated prolapse quanti fi cation 
systems, with correlations of  r  = 0.77 for uterine 
prolapse and  r  = 0.53 for posterior prolapse  [  16  ] . 
Some have shown that posterior compartment 
descent to 15 mm or more below the pubic 
 symphysis has been a radiographic cutoff for 
signi fi cant descent as it relates to symptomatic 
prolapse  [  17  ] . 

 Although correlations between clinical pro-
lapse staging and translabial ultrasound for pos-
terior compartment prolapse are not as strong 
when compared to anterior or apical compart-
ment prolapse, we are able to use this form of 
imaging to separate a true or false rectocele. That 
is to say we can distinguish a rectocele sono-
graphically from other  fi ndings such as a rec-
tovaginal septum defect or perineal hypermobility 
without any actual fascial defects (Fig.  9.8 ). True 
rectoceles, which occur as a result of fascial 
defects, are located consistently very close to the 
anorectal junction, typically transversely oriented 
(Fig.  9.9 ).   

   Enterocele 

 A major strength of translabial ultrasound for 
apical and posterior compartment assessment of 
prolapse is the ability to distinguish rectocele 
from enterocele  [  18  ] . An enterocele is readily 
diagnosed sonographically by visualizing within 
the herniated small bowel,  fl uid-containing peri-
toneum, omentum, or sigmoid anterior to the 
anorectal junction (Fig.  9.10 ). While MRI is 

very sensitive for radiographically mapping all 
vaginal compartment prolapse, it can be cost-
prohibitive. Although not expensive, a defeco-
gram can show an enterocele easily, but not 
before exposing the patient to a signi fi cant 
amount of radiation. Translabial ultrasound can 
be used easily and inexpensively to diagnose an 
enterocele with no radiation exposure. From a 
surgical planning standpoint, ultrasound 
identi fi cation of herniated contents can apprise 
the surgeon of what to expect during repair of 
the prolapse.    

   Imaging Implant Materials 

   Midurethral Slings 

 One of the unique aspects of sonography of the 
pelvic  fl oor is the ability to detect synthetic 
materials, namely mesh, that can be dif fi cult if not 
impossible to localize with computed tomography, 
MRI, or X-ray imaging  [  19  ] . This has proven 
very useful in the last decade, as the popularity 
of midurethral synthetic slings have risen expo-
nentially due to the relative ease of the proce-
dure and overall high success rates  [  20  ] . 
Sonographic imaging adds to the overall infor-
mation on postoperative assessment of outcome, 
speci fi cally by elucidating in vivo biomechani-
cal characteristics. From a clinical standpoint, 
ultrasonography can shed light on assessment of 
complications after sling placement, which may 
include erosion, voiding dysfunction, and recur-
rence of stress incontinence. In addition, ultra-
sound can con fi rm the presence of a sling in 
patients unsure of previous anti-incontinence 
procedures performed in the past. 

 Both xenografts and allografts are dif fi cult 
to visualize due to the iso-echoic nature of these 
implants. Synthetic slings, on the other hand, 
are hyperechoic and much more visible on 
ultrasound (Fig.  9.11 ). Using translabial ultra-
sound the entire intrapelvic contents can be 
visualized, from the pubic rami to anterior to 
the urethra and back through the contralateral 
side  [  21  ] . Another advantage of translabial 
ultrasound for synthetic slings is the ability to 
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  Fig. 9.12    ( a ) This image demonstrates the mesh sling 
pointed to by three  white arrows , with a retropubic course 
which a TVT sling. ( b ) This image reveals the three  white 

arrows  pointing to the mesh sling in a horizontal orienta-
tion denoting a TOT sling       

  Fig. 9.11    Mesh is delineated by the two white arrows. The orientation can be seen hugging the urethra in a ham-
mock fashion       

characterize orientation of the sling, which 
includes asymmetry, varying width, tape twist-
ing, and effect of tape division. With the use of 
rendered volumes of 2D imaging, TVT (trans-
vaginal taping) and TOT (transobturator taping) 
slings can be easily distinguished from one 
another. One of the techniques utilized to 
 discern a TVT from TOT is to follow the tape 
with oblique parasagittal views until the levator 

ani insertion is reached—TOT slings typically 
traverse the muscle (Fig.  9.12 ). Varying echo-
genicity can be characteristic of some types of 
slings (e.g., relatively less echogenic IVS when 
compared to a TVT™ or Sparc™, when trying 
to determine sling type when imaging patients   ). 
The typical c-shape of all retropubic slings is 
pretty consistent, seen most clearly during a 
Valsalva maneuver. The tighter the c-shape, the 
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  Fig. 9.13    The three  white arrows  map the anterior position of this anterior Prolift™ mesh       

more tensioned the tape tends to be in patients. 
With regard to positioning, even though a midu-
rethral location for a sling is thought by most to 
be the ideal position, some studies have shown 
that this is not necessarily the case  [  22  ] .        

   Prolapse Mesh Kits 

 The use of mesh for augmentation of prolapse sur-
gery has become commonplace. A majority of the 
commercial mesh kits currently available are poly-
propylene, which is highly echogenic and easily 
seen on ultrasound. Commercial mesh kits utilize 
mesh arms that traverse the obturator foramen, leva-
tor sidewall, and pararectal space by the use of 
external trocars. A recent trend has been the devel-
opment of trocarless systems, which have mesh 
arms that anchor internally to the same  fi xed 
structures. 

 One of the uses of ultrasound in this new era of 
mesh augmented prolapse repairs is the evaluation 
of their success anatomically. A study done by 
Shek et al. used ultrasound to assess the outcomes 
of using mesh for repair of large and/or recurrent 

cystoceles  [  23  ] . The implant material was able to 
be imaged in all patients. In 10% of the patients, 
the authors were able to note cystocele recurrence 
dorsal to the mesh, with 8% of the patients demon-
strating signi fi cant descent ventral to the mesh. 
Interestingly, they were also able to demonstrate 
dislodgement of the superior anterior arms by 
showing mesh axis alteration of more than 90° of 
rotation of the cranial margin in the ventrocaudal 
direction; this occurred in 10% of their patients. 
This study is an example of the potential future 
role of ultrasound in assessing outcomes of pro-
lapse surgery. In the future, it may also serve as a 
tool in optimizing surgical techniques for the use 
of mesh to augment  prolapse surgery. 

 Along with the increase in use of mesh, there has 
been a surge in complications related to the use of 
mesh in prolapse surgery  [  24  ] . Mesh erosion involv-
ing the vaginal wall and other pelvic structures such 
as the bladder and bowel have been reported  [  25  ] . 
Involvement of pelvic structures such as the bladder 
and bowel can be easily delineated with the use of 
ultrasound (Fig.  9.13 ). Ultrasound certainly plays a 
role in mapping the location of mesh in order to 
plan surgical removal of the mesh (Fig.  9.13 ). Other 
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mesh complications such as dyspareunia and vagi-
nal/pelvic pain have been described  [  26  ] . Ultrasound 
can be used to assess the need for any further resec-
tion of mesh if the patient remains symptomatic. As 
the role of mesh in prolapse surgery becomes better 
de fi ned, ultrasonography will become increasingly 
important in assessing outcomes, improving  surgi-
cal technique, and aiding in the management of 
complications.   

   Periurethral Bulking Agents 

 Most injectables used as periurethral bulking 
agents for the management of stress incontinence 
are highly echogenic (Fig.  9.14 ). A popular 
injectable, Microplastique™, can be easily seen 
as a hyperechoic donut shape encircling the ure-
thra. Even though useful in locating injectables, 
translabial ultrasound has not been shown in any 
studies to correlate well with treatment success.       
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   De fi nition and Scope 

 Transrectal ultrasound (TRUS),  fi rst described 
by Watanabe and colleagues in the 1960s, is an 
essential tool for the diagnosis of prostate can-
cer, as well as for image-guided prostate inter-
ventions  [  1  ] . By the 1970s TRUS imaging had 
achieved wide use in clinical practice. Most 
commonly, TRUS is used to guide core needle 
biopsy for prostate cancer diagnosis. This was 
 fi rst described by Hodge in 1989 when he advo-
cated the systematic biopsy of the prostate gland 
 [  2  ] . Treatment modalities including brachyther-
apy, cryotherapy, and high-intensity focused 
ultrasound (HIFU) also rely on TRUS to appro-
priately treat prostate cancer patients  [  3  ] . In 
addition, TRUS provides valuable information 
for follow-up and treatment of benign prostatic 
hyperplasia (BPH) and can be helpful in the 
evaluation of patients with idiopathic infertility 
 [  4–  8  ] . This chapter will discuss the indications 
and techniques for TRUS, proper documentation, 
anatomy of the prostate, and new ultrasono-
graphic technologies. The topic of TRUS with 
prostate biopsy is covered in a separate chapter.  

   Indications 

 The list of potential indications for TRUS evalu-
ation is lengthy but falls into the following gen-
eral categories: prostate cancer diagnosis and 
treatment, BPH management and workup, infer-
tility evaluation, and non-oncologic interventions 
such as prostatic abscess drainage or aspiration 
of prostatic or ejaculatory duct cysts. 

 The evaluation of a patient with an elevated 
serum prostate-speci fi c antigen (PSA) commonly 
includes a TRUS evaluation with ultrasound-
guided prostate biopsy. To be effective with 
TRUS evaluation of the prostate, the urologist 
must have expertise in recognizing normal and 
abnormal anatomy. Hypoechoic areas of the pros-
tate should be recognized and speci fi cally tar-
geted for biopsy, as the likelihood that these areas 
harbor cancer is higher  [  9  ] . Absence of hypoechoic 
lesions does not preclude biopsy, and the clinical 
signi fi cance of hypoechoic areas of the prostate 
has been questioned in the modern era. In particular, 
a large study of nearly 4,000 patients from Wayne 
State University demonstrated that the prostate 
cancer detection rate of targeted biopsies of 
hypoechoic lesions was the same as biopsies 
from isoechoic regions  [  10  ] . Other TRUS fi nd-
ings suggestive of prostate cancer include lobar 
asymmetry, capsular bulging, defl ection of the 
junction between the transition zone (TZ) and 
peripheral zone (PZ), and any area of increased 
vascularity (Fig.  10.1 ). A systematic evaluation 
of the entire prostate gland with volume measure-
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ment and evaluation of the seminal vesicles (SV) 
and  surrounding structures should be performed 
prior to performing any prostate biopsy.  

 TRUS is used to evaluate the anatomy and 
 calculate the volume of the prostate in symptom-
atic BPH prior to surgical therapy or minimally 
invasive therapy (MIT) for BPH  [  11,   12  ] . The 
size and anatomy of the prostate can recommend 
or exclude certain MIT procedures for patients. 
Speci fi c volume limits are used to stratify patients 
for transurethral resection of the prostate (TURP), 
MITs such as transurethral microwave therapy 
(TUMT) and transurethral radiofrequency needle 
ablation (TUNA), or open simple prostatectomy. 
In addition to prostate volume measurements, 
the presence or absence of a large intravesical 
median lobe of the prostate, visualized on TRUS, 
may in fl uence the choice of technique for surgi-
cal treatment of BPH. 

 Additionally, minimally invasive prostate can-
cer treatment options are dependent on TRUS 
technology to accurately monitor and guide treat-
ment planning and delivery  [  13  ] . TRUS clari fi es 
the anatomy for the clinician; specifi cally, it pro-
vides an accurate volume assessment of the pros-
tate gland prior to any procedure. Certain patients 
may be excluded from some treatment options for 
prostate cancer or may require hormonal downsiz-
ing prior to treatment based on TRUS  fi ndings. 
For cryotherapy, real-time TRUS is vital to accu-

rately place probes and monitor the freezing area 
during the procedure  [  14  ] . Similarly, in brachyther-
apy, real-time TRUS is used to calculate the pros-
tate volume and construct the plan for seed 
implantation. Conti nuous real-time TRUS is also 
used during high-intensity focused ultrasound 
(HIFU) treatment for prostate cancer, a popular 
minimally invasive prostate cancer treatment in 
Europe that is currently in clinical trials in the USA 
 [  15,   16  ] . As part of image-guided radiotherapy 
for prostate cancer, TRUS is used to accurately 
place prostate markers, such as fi ducial markers, 
within the prostate for daily monitoring of prostate 
position and accurate image-guided treatment 
planning, as shown in Fig.  10.2   [  17,   18  ] .  

 In patients with azoospermia or ejaculatory 
dysfunction, TRUS may help diagnose cysts of 
the SV or ejaculatory ducts as well as obstruction 
of the vasa deferentia. Accurate diagnosis of 
these rare conditions can change the management 
strategy for infertility patients  [  6–  8  ] . Another 
uncommon but useful application of TRUS is the 
diagnosis of prostatic abscesses which can be 
associated with prostatitis or epididymitis  [  19, 
  20  ] . These abscesses can then be aspirated or sur-
gically unroofed during transurethral or transrec-
tal procedures (see Fig.  10.10 ). 

 Recently, measurement of the Resistive Index 
(RI) of prostatic vessels using TRUS was shown 
to be correlated with the outlet obstruction seen 

  Fig. 10.1    TRUS  fi ndings suspicious for prostate cancer. 
( a ) Lobar asymmetry, capsular bulging, increased blood 
 fl ow, and de fl ection of the junction between the TZ 
and PZ can all be indicators of prostate cancer on TRUS. 

( b ) Transverse image of the prostate demonstrating upward 
de fl ection of the junction between the TZ and PZ. The cor-
pora amylacea ( arrows ) indicate this junction and also 
demarcate the border between the inner and outer gland       
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in men with BPH  [  21  ] . In men with lower urinary 
tract symptoms, the RI was signi fi cantly higher 
in those with BPH and infravescial obstruction 
than in those with a normal prostate.  

   Techniques 

 A complete TRUS evaluation of the prostate 
includes scanning in both the sagittal and trans-
verse planes to obtain a volume calculation. 
The central zone and the PZ are evaluated for 
hypoechoic lesions and contour abnormalities. 

The SVs and the vasa deferentia are also 
 visualized during the ultrasound procedure. 
Any abnormalities are measured, and ectasia, 
if present, is documented. Additionally, the 
rectal wall is examined for abnormal thicken-
ing or focal lesions, as occasional rectal tumors 
and periprostatic tumors can be encountered on 
TRUS of the prostate (Fig.  10.3 ).  

 Prior to the transrectal ultrasound procedure, 
patients are typically asked to do a cleansing 
enema at home before the procedure. The enema 
helps decrease the amount of stool in the rectum, 
thereby producing a superior acoustic environment 

  Fig. 10.2    ( a ) Port  fi lm after  fi ducial marker placement in 
the prostate. Three markers ( arrows ) are visible on plain 
 fi lm within the prostate and are used for daily position 

adjustments during radiotherapy treatment. ( b ) Axial CT 
image shows 2 of 3 markers ( arrows ) in the base of the 
prostate       

  Fig. 10.3    Axial view at 
the base of the prostate 
demonstrates a slightly 
hypoechoic solid mass 
adjacent to the left lateral 
margin of the gland. This 
was subsequently shown 
by biopsy to be a stromal 
tumor of uncertain 
malignant potential 
(STUMP)       
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for prostate imaging. Although an enema is 
not absolutely mandatory, it is helpful in 
obtaining optimal images during TRUS. In 
patients undergoing real-time imaging for cryo-
therapy, brachytherapy, or HIFU, preoperative or 
intraoperative enema is important for  adequate  
real-time imaging and image guidance during the 
procedure. If any invasive procedure is planned, 
antiplatelet and anticoagulation medications such 
as ASA, NSAIDs, clopidogrel, warfarin, vitamin 
E, and  fi sh oil should be stopped at least 1 week 
prior to the procedure, thereby reducing the risk 
of bleeding with the procedure. Antibiotics given 
prior to the procedure may reduce the risk of bac-
teremia and sepsis. 

 Patients are positioned either in the left lateral 
decubitus or the lithotomy position. Most clini-
cians would prefer the left lateral decubitus posi-
tion, especially for a straightforward TRUS. In 
this position, an arm board is usually placed par-
allel to the table and a pillow is placed between 
the knees to help maintain the position. The but-
tocks should be  fl ush with the end of the table to 
allow manipulation of the probe. Next, a digital 
rectal exam should be performed prior to inser-
tion of the TRUS probe. Finding a rectal stricture 
or rectal bleeding might delay the performance of 
the TRUS until the etiology is known and evalu-
ated by the urologist. In addition, any palpable 
contour abnormalities of the prostate should be 
documented, including descriptive identi fi ers and 
their location on the gland. 

 The lithotomy position is used with patients 
who are undergoing brachytherapy or cryo-
therapy. Although TRUS is often performed in the 
lateral decubitus position, the lithotomy position 
is preferred for patients in whom color  fl ow and 
power Doppler imaging of the prostate is planned 
 [  22  ] . Because the vascularity pattern of the pros-
tate is in fl uenced by patient positioning and gravity, 
the lithotomy position can help more accurately 
identify areas of neovascularity and increased 
blood  fl ow for targeted biopsies of the prostate. 

 Gray-scale TRUS has been the most common 
modality used for imaging of the prostate. 
Although Doppler imaging with color  fl ow, 
power Doppler and harmonic imaging have been 
advocated in the diagnosis of prostate cancer, 

their exact role for other treatment modalities 
such as cryotherapy or brachytherapy is still 
under investigation. These techniques will be fur-
ther discussed in a separate section of this 
chapter. 

 There are two different types of probes avail-
able for TRUS: a side-fi re probe and an end- fi re 
probe. Either type of probe transmits mid-level 
frequencies between 6 and 10 MHz. Models with 
new biplane probe technology provide a simulta-
neous image of both sagittal and transverse 
images during the transmission period. By 
increasing the frequency, the axial resolution is 
improved. As the frequency of the probe is 
increased, however, the depth of tissue penetra-
tion declines, and the portion of the image that 
has adequate returning echo amplitude is closer 
to the transducer  [  23  ] . Increased resolution may 
be helpful in patients who have peripheral zone 
cancers which may be identi fi ed as a hypoechoic 
nodule with TRUS. However, the anterior por-
tions of the prostate furthest from the probe 
may be less well seen secondary to attenuation. 
Lower frequency transducers, such as 4 MHz 
transducers, have a greater depth of penetration 
(between 2 and 8 cm) but with lower resolution. 
Lower frequency transducers improve the anterior 
delineation of larger glands with deeper tissue 
penetration, thus increasing the accuracy of vol-
ume measurements but provide poorer resolution. 

 A coupling medium, which is usually ultra-
sound gel or a lubricant, is placed between the 
probe and the rectal surface. This is essential 
since ultrasound waves propagate inef fi ciently 
through air and are completely re fl ected when 
they strike an interface between tissues or materi-
als of a signi fi cantly different impedance. Most 
probes are also covered with a protective con-
dom. A coupling medium is placed between the 
probe and the condom, as well as the condom and 
rectal mucosa. 

 Any TRUS scanning protocol must involve 
the prostate and should be performed in both the 
transverse and the sagittal planes. By advancing 
the probe in a cephalad direction in the rectum, 
images of the prostate base, the seminal vesicles, 
and the bladder neck are obtained. By pulling 
the probe caudally toward the anal sphincter, the 
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prostatic apex and proximal urethra are visualized. 
Transverse imaging with end- fi re, side- fi re, and 
some biplane probes is accomplished by angling 
the handle of the probe, right or left, using the 
anal sphincter as a fulcrum. Angling the probe 
toward the scrotum produces more cephalad 
images while angling the probe toward the sacrum 
produces more caudal images. 

 There are also two approaches to probe 
manipulation for sagittal imaging. One method 
is rotation of the probe either clockwise or 
counterclockwise. Clockwise rotation visualizes 
the left side of the prostate, and counterclock-
wise rotation yields images of the right side. 
Sagittal images can also be viewed by angling 
the probe up or down the anal sphincter which 
functions as a fulcrum. If the patient is placed in 
the left lateral decubitus position, angling the 
butt of the probe up or toward the ceiling images 
the left side of the prostate while angling the butt 
of the probe down or toward the  fl oor images the 
right side. In either case, a survey scan of the 
prostate from base to apex, as well as the lateral 
aspects of the prostate, is performed  fi rst. This 
would include survey views of the seminal vesi-
cles and bladder. The cine loop obtained while 
performing the survey scan can be easily saved 
along with the digital images obtained during the 
rest of the study. Storing the video of the survey 
scan provides the urologist with an overview of 
the entire prostate prior to biopsy or treatment, 
when subsequently reviewing the study. 

 Prostate volume is often calculated after the 
survey scan of the prostate is completed. Volume 
calculation requires measurement in three dimen-
sions (Fig.  10.4 ).  

 The transverse and anterior posterior (A–P) 
dimensions are measured at the point of the wid-
est diameter in the axial plane. The longitudinal 
dimension is measured in the sagittal plane just 
off the midline as sometimes the bladder neck 
may obscure the cephalad extent of the gland. 
Most formulas to assess prostate volumes assume 
an ideal geometric shape of the gland. These 
shapes can include an ellipse (  p  /6 × transverse 
diameter × A–P diameter × longitudinal diame-
ter), a sphere (  p  /6 × the transverse diameter 3 ), or 
an egg-shaped spheroid (  p  /6 × transverse diame-
ter 2  × the A–P diameter). Despite the inherent 
inaccuracies that arise from these geometric 
hypotheses, these formulas reliably estimate the 
gland volume and weight with correlation 
coef fi cients greater than 0.90 when compared to 
prostatectomy specimen weights (based on the 
assumption that 1 cm 3  equals 1 g of prostate tis-
sue)  [  24  ] . By calculating the prostate volume, 
one can then derive the PSA density (PSAD) 
which is the ratio of serum PSA to prostate vol-
ume. The PSAD can help improve prostate can-
cer detection speci fi city and has been shown to 
be higher in patients diagnosed with cancer on 
initial and repeat prostate biopsies  [  25  ] . 

 In patients undergoing brachytherapy, 
more accurate gland volume may be required. 

  Fig. 10.4    Prostate volume 
measurements require the 
measurement of the 
prostate in three 
 dimensions. In axial view 
the width (TRV) and height 
(AP) of the prostate are 
measured. In sagittal view 
the length (SAG) is 
measured       
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This is accomplished by a technique called 
planimetry. With the patient in the lithotomy 
position, the probe is mounted to a stepping 
device and transverse images are obtained at set 
intervals. This is done throughout the length of 
the gland. The cross-sectional volume of each 
step is determined by measuring the circumfer-
ence of the 5 mm slice and calculating its vol-
ume. The sum of the slice volumes is the volume 
of the entire gland. 

 TRUS imaging of the prostate alone is a 
relatively benign procedure. Other than patient 
discomfort due to the physical presence of an 
ultrasound probe in the rectum, there is little 
patient risk in receiving a stand-alone TRUS. 
However, complications can result after TRUS 
coupled with penetration of the rectal wall (e.g., 
 fi ducial marker placement). These include hema-
turia, hematospermia, rectal bleeding, and urinary 
retention. Hematuria after needle biopsy occurs in 
roughly 47% of patients and typically resolves 
after 5–7 days  [  26  ] . Hematospermia can be 
observed in up to 36% of biopsies and small traces 
of blood may even persist up to several months 
 [  26  ] . Rectal bleeding is usually mild and control-
lable with digital or TRUS probe pressure. Recent 
studies put the incidence of bleeding at 1–5%. 
Bleeding requiring transfusion, bacteremia requir-
ing IV antibiotics, and other more major compli-
cations are uncommon, but antibiotic-resistant 
organisms are becoming more common and trou-
blesome, raising questions about the appropriate 
antibiotic prophylactic coverage for these proce-
dures  [  27  ] . Fortunately, most complications are 
generally minor and usually self-limited.  

   Documentation 

 A standard protocol should be used when docu-
menting a transrectal ultrasound procedure. The 
report of the procedure should include the indica-
tion for the procedure. The technique should be 
described and the position of the patient should 
be documented. The machine and the probes used 
in the procedure should be described. The anat-
omy of surrounding structures including seminal 
vesicles, vasa deferentia, and the perirectal space 

should be evaluated and the  fi ndings documented. 
The measurements of the prostate gland  including 
height, width, and length along with the calcu-
lated volume should be documented. Any abnor-
mal  fi ndings should be noted. If color or power 
Doppler is performed, those  fi ndings should be 
documented. The report should be signed by the 
urologist. A sample TRUS documentation sheet 
is shown in Fig.  10.5 .  

 Images of the prostate should be captured and 
stored electronically or printed and maintained 
with the report. Images of the prostate in the axial 
and sagittal views should be documented at the 
apex, mid, and base. Images depicting the mea-
surement of prostatic volume should be docu-
mented. The prostatic urethra and periprostatic 
tissues should be demonstrated and, when indi-
cated, the vasa deferentia. Images demonstrating 
any abnormalities such as hypoechoicism, hyper-
echoicism, or increased regional blood  fl ow on 
Doppler should be documented. Measurements of 
abnormalities should be taken and documented.  

   Normal Anatomy 

 The prostate gland lies beneath the pubis between 
the bladder neck and the urogenital diaphragm 
just anterior to the rectum in an ideal position to 
be imaged via TRUS. Traditionally, the prostate 
gland is described using histological/anatomical 
zonal architecture  [  28  ]  (Fig.  10.6 ).  

 These divisions consist of the anterior 
 fi bromuscular stroma (AFS), which is devoid of 
glandular tissue, transition zone (TZ), central zone 
(CZ), and peripheral zone (PZ). Typically the 
prostate on TRUS is divided into the inner gland, 
consisting of the AFS, TZ, periurethral tissue, and 
CZ, and the outer gland which is the PZ. In the 
young male, the TZ comprises 5–10% of normal 
prostate volume. The TZ increases with age and 
often accounts for the obstructive symptomatol-
ogy associated with benign prostatic hypertrophy 
(BPH). Approximately 20% of prostate cancers 
originate in the TZ (Fig.  10.4 ). The CZ surrounds 
the ejaculatory ducts and accounts for a minority 
of cancers. Finally, the PZ makes up 75% of the 
prostate volume and is the source of the great 
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majority of prostate carcinoma. Unfortunately, 
these zonal regions can sometimes be dif fi cult to 
distinguish using ultrasound imaging. 

 The prostatic inner gland has a more heteroge-
neous appearance on ultrasound whereas the 
outer gland has a more homogenous appearance. 
Frequently, hyaline concretions known as  cor-
pora amylacea   [  29  ]  (Fig.  10.7 ) highlight the 
plane between the outer gland and the inner gland 
 [  11  ] . These small, multiple, diffuse hyaline con-
cretions are normal and often an incidental ultra-
sonographic  fi nding of the prostate. Generally, 
they represent a common, normal ultrasound 
 fi nding rather than a pathological entity  [  30  ] . 
Larger prostatic calculi may be associated with 
symptoms and can be related to underlying 
in fl ammation. These larger calculi may require 
further evaluation and treatment.  

 The prostatic urethra traverses the length of 
the gland in the midline and thus must be 
imaged in the sagittal plane to be viewed in its 
entirety along its course. Generally, the dis-
tended urethral lumen is hypoechoic in appear-
ance. Periurethral calci fi cations may produce a 
thin echogenic outline. Smooth muscle of the 
internal sphincter extends from the bladder 
neck encircling the urethra to the level of the 
verumontanum. These muscle  fi bers may be 
visualized sonographically as a hypoechoic 
ring around the upper prostatic urethra produc-
ing a funnel-like appearance proximally. The 
urethra angles anteriorly and runs the remain-
der of the gland to the exit at the apex of the 
prostate. This angle gives the prostatic urethra 
an anterior concave appearance when viewed 
along the entire course of the sagittal plane. 

  Fig. 10.6    Image ( a ) demonstrates the zonal anatomy of 
the prostate in axial view. The anterior  fi bromuscular 
stroma (AFS) is just between the capsules anteriorly. 
Image ( b ) demonstrates the zonal anatomy of the prostate 

in the midsagittal plane.  U  urethra;  CZ  central zone;  TZ  
transition zone;  PZ  peripheral zone;  AFS  anterior 
 fi bromuscular stroma. Image ( c ) is the same as image 
( b ) without the drawing overlay       
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 The seminal vesicles (SV) are positioned pos-
teriorly to the base of the prostate (Fig.  10.8 ). 
They have a smooth saccular appearance that 
should be symmetrical. The normal SV measures 
approximately 4.5–5.5 cm in length and 2.2 cm 
in width. Solid lesions in the SV can be concern-
ing for malignancy, while cystic masses of the 
SV are generally benign  [  31–  33  ] . Solid lesions 
are even more worrisome if there is a history of 
primary neoplasm elsewhere. Infectious etiolo-
gies such as schistosomiasis should be consid-
ered in patients with solid SV masses who have 

lived in areas of endemic infestation  [  34  ] . The 
vasa deferentia can be visualized in a transverse 
plane just above the ipsilateral SV before diving 
caudally toward the prostate near the midline. 
Each vas lies just medial to the tapering ipsilat-
eral SV before the two structures fuse to form the 
ejaculatory duct. The ejaculatory ducts enter the 
gland posteriorly and empty into the urethra at 
the level of verumontanum. These ducts are occa-
sionally seen as hypoechoic structures on TRUS. 
Their course parallels the prostatic urethra proxi-
mal to the verumontanum.   

  Fig. 10.7    Corpora amylacea ( arrows ) within the pros-
tate. In the axial view ( a ) of the prostate the corpora 
amylacea are seen surrounding the urethra and there is 

acoustic shadowing. On sagittal view ( b ) the corpora 
amylacea can be seen to track along the urethra       

  Fig. 10.8    Axial view of 
the prostate showing the 
seminal vesicle (SV) and 
vasa deferentia       
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   Abnormal Anatomy 

 The most common  fi nding on TRUS is a variety 
of cystic lesions of the prostate. Prostatic cysts 
may be acquired or congenital in nature and are 
rarely clinically signi fi cant. Congenital prostatic 
cystic lesions can originate from either Mullerian 
or Wolf fi an structures. Those that arise from 
Mullerian structures include enlarged prostatic 
utricles (appear as a midline anechoic structure 
projection from the posterior urethra at the level 
of the verumontanum) (Fig.  10.9 ) and Mullerian 
duct cysts (also appear as a midline anechoic 
structure) which result from failure of the 

Mullerian ducts to properly fuse with the urethra 
 [  35,   36  ] . Lesions that originate from Wolf fi an 
structures include seminal vesicle cysts and vas 
deferens cysts. Seminal vesicle cysts may be 
associated with renal agenesis in up to two thirds 
of men  [  37  ] .  

 Prostatic abscesses typically appear hypoechoic 
on TRUS. These collections can contain inhomo-
geneous material with internal septations  [  20  ] . 
This appearance with the constellation of signs 
and symptoms, including fever, pain, and persis-
tent infection, is consistent with prostatic abscess. 
These abscesses are routinely amenable to TRUS-
guided transrectal drainage as a treatment modal-
ity (Fig.  10.10 ).  

  Fig. 10.9    Utricular cyst. 
A sagittal view of the 
prostate demonstrates a 
utricular cyst ( arrow ) in 
the midline arising from 
the vicinity of the 
verumontanum ( caret ). 
 B  bladder, the hyperechoic 
structure to the right is the 
ureter (U)       

  Fig. 10.10    Prostate 
abscesses ( arrows ) are 
seen as hypoechoic areas 
on axial and sagittal views       

 

 



16510 Transrectal Ultrasound of the Prostate

 The appearance of the prostate after external-
beam radiation, brachytherapy, and androgen 
ablation varies compared to normal prostate anat-
omy. The radiated prostate can be diffusely 
hypoechoic, and typical zonal anatomy is dif fi cult 
to identify  [  38  ] . After brachytherapy, seeds 
should be evenly distributed throughout the gland 
and appear hyperechoic on TRUS with posterior 
shadowing  [  39  ] . Overall prostate volume can 
decline up to 50% with brachytherapy. Androgen 
ablation can result in an average 30% volume 
loss in patients with prostate cancer  [  40  ] .  

   Enhanced Imaging Techniques 

 Despite the most meticulous and systematic 
approach to TRUS, the sensitivity of prostate 
biopsy remains disappointingly low, with false 
negative rates of 25% or higher in multiple studies 
 [  41,   42  ] . In an attempt to improve the sensitivity of 
ultrasound-guided prostate biopsy, enhanced ultra-
sonographic techniques have been utilized to better 
identify areas of the prostate containing cancer. 

 Neoplastic prostate tissue is histologically dis-
tinct from normal prostate tissue, differentiated by 
a loss of glandular architecture, increased cellular 
density, and increased microvascularity  [  43  ] . The 
loss of glandular architecture reduces the content 
of re fl ective interfaces, causing a hypoechoic 
appearance on TRUS  [  43  ] . Increased cellular den-
sity may change the normal elasticity of prostate 
tissue which may be measurable by real-time 
elastography  [  44  ] . Hypervascularity and tumor-
associated angiogenesis may be appreciated on 
Doppler and/or contrast-enhanced Doppler exam-
ination or other advanced techniques. 

   Doppler Ultrasound 

 Color and power Doppler have both been used to 
enhance TRUS biopsy detection of prostate 
 cancer  [  45,   46  ] . Color Doppler measures the fre-
quency shift in ultrasound waves as a function of 
the velocity and direction of vascular  fl ow. 
Increased blood  fl ow as a result of increased 
microvascularity to cancerous tissue is the 

theoretical justi fi cation for the use of color and 
power Doppler sonography  [  43  ] . Ampli fi ed  fl ow 
patterns to areas of tumor, which harbor an 
increased number and size of blood vessels, is the 
hallmark of prostate cancer detection using 
Doppler imaging (Fig.  10.11 ).  

 Targeted biopsies of the prostate can then be 
performed where there is enhanced  fl ow. Power 
Doppler re fl ects the integrated amplitude or 
power of the Doppler signal. Power Doppler is 
more sensitive to low-velocity  fl ow than color 
Doppler because it displays information about 
the amount of blood forming at a given velocity 
rather than the relative frequency shift caused by 
that velocity. Several studies have shown an 
increased sensitivity of power Doppler to detect 
cancer  [  47,   48  ] . Unfortunately, when looking at 
the overall picture, the use of color and power 
Doppler has yielded mixed results. Sensitivity for 
tumor detection lies anywhere from 13 to 49% in 
recent studies, and ultrasound abnormalities have 
been shown in many patients with subsequently 
demonstrated benign pathology  [  45,   46,   49,   50  ] . 
These  fi ndings may be due to patient position and 
the presence of benign conditions, such as prosta-
titis, that result in increased blood  fl ow to the 
prostate thereby clouding the picture for targeted 
cancer biopsies using this technique.  

   Contrast-Enhanced Ultrasound 

 Microbubble contrast agents for use in contrast-
enhanced TRUS were  fi rst developed in the 
1980s  [  50  ] . They are composed of tiny bubbles 
of injectable gas contained within a supporting 
shell such as a lipid or a surfactant microsphere. 
Contrast microbubbles are on the order of 
1–10  m m in size and thus able to penetrate even 
the smallest microvessels. These contrast agents 
consist of microbubbles of gas which irregularly 
re fl ect the ultrasound signal and are thereby able 
to show the increased microvascularity and vas-
cular density correlated to prostate cancer 
(Fig.  10.12 )  [  51  ] .  

 Studies comparing systematic biopsy versus 
contrast-enhanced color  fl ow Doppler sonogra-
phy using microspheres to target areas of 
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increased neovascularity for directed biopsies 
were twice as likely to yield positive results and 
higher Gleason grades  [  52–  54  ]  when compared to 
systematic biopsies. Flash replenishment technol-
ogy takes advantage of the ability of ultrasound 
waves to periodically “destroy” the microbubbles 
and provide a clean viewing  fi eld on the monitor. 
Low energy pulses show blood vessels re fi lling 
with contrast, permitting optimal visualization of 
vascular  fl ow to cancerous cells. Increased posi-
tive core rates for targeted biopsies over system-
atic biopsy have been reported in the literature 
utilizing this  fl ash replenishment technique  [  55  ] .  

   3D Ultrasound 

 Experience with three-dimensional (3D) ultra-
sound of the prostate has been limited. Currently 
the use of specialized ultrasound probes is 
required for 3D visualization of the prostate. In 
addition to the standard axial and sagittal planes, 
3D ultrasound provides an additional coronal 
plane. The use of 3D ultrasound for prostate 
biopsy has demonstrated mixed results. In a study 
by Hamper et al., 16 patients underwent both 2D 
and 3D TRUS-guided biopsy of the prostate  [  56  ] . 
The authors noted only a subjective improvement 

  Fig. 10.11    Gleason 3 + 3 prostate adenocarcinoma. 
Several transverse images through the midgland of the 
prostate. ( a ) Conventional gray-scale imaging demon-
strates a slightly hypoechoic lesion along the left midgland 

( arrows ). ( b ) Color Doppler demonstrates increased 
vascular  fl ow to this area, corresponding to area of prob-
able cancer. ( c ) Power Doppler shows increased  fl ow to 
the same left midgland area, con fi rming hypervascularity       
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in the ability to identify hypoechoic areas of the 
prostate while using 3D. Further studies utilizing 
3D need to be performed to better elucidate its 
role in TRUS of the prostate.  

   Elastogram 

 Prostate cancer typically results in both glandular 
architecture loss and increased cellular density. 
Decreased tissue elasticity is a product of these 
changes. Decreased tissue elasticity may be mea-
surable using ultrasound elastography. Ultrasound 
elastography, also called strain imaging, is a 
method of signal processing using a special ultra-
sound probe that generates an elastogram. Lower-
density tissues allow greater displacement when 
compressed with the ultrasound probe while 
higher-density tissues allow for less displacement 
(Fig.  10.13 ).  

 The elastogram is created by compression 
and decompression of the prostate by the TRUS 
operator using the probe. This difference in 
compressibility allows for the use of elastogra-
phy in targeted prostate biopsy  [  57  ] . A study 
published in 2008 reported a sensitivity of 86% 
and speci fi city of 72% in detecting prostate 
cancer, with a negative predictive value of 
91.4% using ultrasound elastography  [  58  ] . 

Compared to microbubble enhancement or 
 fl ow-based imaging techniques (e.g., Doppler), 
elastograms provide a less subjective target 
and thus show promise in the future of TRUS-
guided prostate biopsy. 

 Although gray-scale TRUS imaging is the 
 current gold standard for prostate imaging, new 
technologies have emerged in the  fi eld of ultra-
sonography to better guide the urologist in pros-
tate cancer imaging and detection. With more 
patients undergoing evaluation for elevated PSA 
each year and thus likely receiving a TRUS with 
needle biopsy of the prostate, it is crucial that new 
technologies be developed to more accurately and 
ef fi ciently identify suspicious areas concerning 
for malignancy. Reliable techniques showing no 
suspicious areas might obviate a biopsy. No cur-
rent advanced ultrasound technique has been 
shown to be capable of replacing standard sys-
tematic biopsy. Fusion technologies combining 
ultrasound images with other modalities such as 
MRI or CT show promise for combining the 
advantage of real-time ultrasound-directed biopsy 
with the greater resolution of the other modalities. 
However, with continued research and improve-
ment we may be able to one day reduce the num-
ber of specimens needed for prostate cancer 
detection or altogether eliminate the need for 
biopsy in those patients without cancer.   

  Fig. 10.12    Transverse image through the midgland of 
the prostate. ( a ) Gray-scale imaging demonstrates a 
hypoechoic contour bulge of the left midgland suspicious 
for prostate cancer ( arrow ). ( b ) After microbubble contrast 

injection, gray-scale imaging reveals a slightly larger 
area of parenchymal enhancement with visualization of 
hypervascularity ( arrows ). On biopsy, this area revealed 
(Gleason 4 + 4 = 8) prostate adenocarcinoma       
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   Conclusion 

 Transrectal ultrasound imaging plays a crucial 
role in the evaluation and management of both 
benign and malignant pathologies of the prostate. 
The development and use of TRUS has greatly 
enhanced the armamentarium of the urologist. 
With future research, newer technologies can 

hopefully further re fi ne the use of TRUS in the 
diagnosis and treatment of prostatic conditions.      
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         Introduction 

 The evaluation of prostatic conditions prior to 
the advent of sonographic techniques relied on 
palpation of the gland and “blind” sampling 
techniques via needle aspiration and biopsy. 
With the development of B-mode ultrasound in 
the 1950s, and probes capable of providing 
images to the clinician in real-time, gray-scale 
ultrasound became the standard method of pros-
tate imaging for most prostate conditions. The 
position of the prostate in the pelvis, tucked as it 
were beneath the pubis and anterior to the rec-
tum, lends itself to the application of a transrec-
tal approach. The transrectal approach to imaging 
the gland has become the standard of care for 
diagnostic evaluation of prostatic conditions, 
prostate biopsy, and therapeutic approaches to 
prostate cancer. 

 The urologists’ application of transrectal ultra-
sound (TRUS) is ubiquitous: virtually all urolo-
gists’ of fi ces, whether they are in a private small 
group setting or in the academic setting, have one 
or more ultrasound units with probes appropriate 
for transrectal imaging. 

 This chapter will focus on TRUS-guided pros-
tate biopsy. The chapter will encompass the initial 

evaluation of the gland, the techniques used to 
perform prostate biopsy, and the references for 
documenting the exam and patient safety.  

   History 

 TRUS-guided prostatic biopsy is the standard 
method for early detection of adenocarcinoma of 
the prostate. Prostate biopsy was  fi rst described in 
1930 using a transperineal approach  [  1  ] . Seven 
years later the  fi rst transrectal biopsy was performed 
by Astraldi  [  2  ] . TRUS was  fi rst described in 1955 
 [  3  ]  and was widely used in practice by the 1970s 
 [  4  ] . Hodge described the  fi rst systematic biopsy 
template (sextant) in 1989  [  5  ] . Further re fi nements 
have included an extended-core biopsy scheme as 
well as re fi nements to pain control strategies.  

   Anatomy 

 Grossly the prostate is situated anterior to the 
rectum and beneath the pubic arch. Laterally the 
prostate is bordered by the levator ani and inferi-
orly by the bladder neck. Prostatic glandular 
anatomy is typically described in terms of zonal 
architecture. The anterior  fi bromuscular stroma 
(AFS) is devoid of glandular tissue. The transi-
tion zone (TZ), which makes up 5–10% of nor-
mal prostate volume, gives rise to benign prostatic 
hyperplasia (BPH) and is the zone or origin for 
20% of prostate cancers. The central zone (CZ) 
surrounds the ejaculatory ducts, makes up 20% 
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of the prostate volume, and gives rise to a minor-
ity of prostate cancers (5%). The peripheral zone 
(PZ) makes up to 75% of the normal prostate vol-
ume and is the source of the majority of prostate 
cancers. These zonal distinctions are not always 
evident on ultrasound examination; however, in 
the presence of BPH, the PZ may be differenti-
ated from the CZ. The paired seminal vesicles 
(SV), which are generally symmetrical in appear-
ance, are located posteriorly (Fig.  11.1 ).   

   Technique Preparation 

 Patients undergoing a prostate needle biopsy 
should refrain from taking antiplatelet/anticoagu-
lation medications (i.e., ASA/NSAIDs/clopi-
dogrel/warfarin) 7 days prior to the procedure. 
Other medications including over-the-counter 
medications and herbal products which may 
affect clotting time should also be avoided. A list 
of medications which should be avoided prior to 
biopsy is included in Appendix. 

 Crawford et al.  [  6  ]  have demonstrated that anti-
biotics 24 h prior to and continuing 24–48 h post-
procedure reduce bacterial septicemia. Recently, 
there has been a rise in septicemia rates from the 
modern-day prophylaxis rate of less than 1%  [  7  ] . 
This has been due in part to an increased incidence 
of extended-spectrum beta-lactamase-producing 
(ESBL)  Escherichia coli  that tend to be resistant to 
cipro fl oxacin, ceftriaxone, sulbactam/ampicillin, 

and cefazolin. Generally imipenem and piperacil-
lin–tazobactam are the effective agents against 
ESBL-producing  E. coli   [  8,   9  ] . Prophylaxis against 
infective endocarditis, with appropriate antibiot-
ics—usually gentamicin and ampicillin  [  10  ] —is 
recommended by the American Heart Association 
for patients at high risk for infective endocarditis. 
This includes patients (1) with prosthetic cardiac 
valves or prosthetic material used for cardiac 
valve repair, (2) those with previous infective 
endocarditis, (3) patients with congenital heart 
defects, and (4) cardiac transplant recipients with 
valve regurgitation  [  11  ] . The American Academy 
of Orthopedic Surgeons (AAOS) guidelines  [  12  ]  
state that clinicians should consider antibiotic pro-
phylaxis for all total joint replacement patients 
prior to any invasive procedure that may cause 
bacteremia. For genitourinary procedures, the 
AAOS recommends cipro fl oxacin 60 min prior to 
the biopsy. Prophylactic antibiotic use may need to 
be modi fi ed based on local patterns of bacterial 
resistance. 

 An enema may be given the night prior to and 
the morning of the procedure. Reduced rectal 
contents will increase visibility by reducing inter-
ference and have been demonstrated to reduce 
the rate of bactermia  [  13  ] .  

   Anesthesia 

 It is accepted that transrectal ultrasound prostate 
biopsy can be painful  [  14,   15  ] . Patient perception 
of this procedure is a major source of anxiety and 
a deterrent for undergoing biopsy. Nijs demon-
strated 18% of patients in a population-based screen-
ing program refused biopsy due to anticipated pain 
 [  16  ] . Nash  fi rst conducted randomized, double-
blind studies evaluating the effect of in fi ltration of 
l% lidocaine in the vascular pedicles of 64 patients 
undergoing PNB  [  17  ] . The mean pain scores on 
the side injected with drug were signi fi cantly lower 
than the control side. Numerous investigators have 
demonstrated decreased pain with various pre-
procedural periprostatic local anesthetic strategies 
(including a meta-analysis of 14 studies examin-
ing 994 procedures)  [  17–  20  ] . Conversely, a small 
number of studies have shown no bene fi t  [  21–  23  ] . 
There have been several different periprostatic 

  Fig. 11.1    Transrectal ultrasound image (7.5 MHz) of the 
prostate. Hypoechoic region anteriorly corresponds to 
transition zone ( white arrows ). Peripheral zone (relatively 
more hyperechoic) lies posteriorly ( open arrows )       
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injection techniques described. The most common 
strategy involves injection of local anesthetic 
between the base of the prostate and the seminal 
vesicles, causing a wheal between the correspond-
ing seminal vesicle and the prostate gland from the 
rectal wall  [  24–  26  ] . Other authors have described 
injecting the prostatic plexus in the area of the 
apex of the prostate,  [  18,   27  ]  A majority of studies 
advocate bilateral injections  [  19,   24–  26  ] . The 
administered anesthetic described varies from 1 to 
2% lidocaine  [  17,   18,   22,   25  ]  with a meta-analysis 
showing cumulative anesthetic dose varying from 
2.5 to 20 mL  [  20  ]  (Fig.  11.2 ).   

   Transrectal Biopsy Technique 

 Patients are typically placed in the left lateral decu-
bitus position. Digital rectal exam is performed, 
and any palpable lesions are noted with respect to 
their location on the gland. Usually a 7.5 MHz 
probe is used. The probe is activated and placed 
using the ultrasound image to guide the probe gen-
tly beyond the anal sphincter and adjacent to the 
prostate. It is recommended to perform this slowly 
and carefully to minimize patient discomfort. 
TRUS should be performed in the sagittal and the 
transverse planes using gray-scale ultrasound. The 
gland is then inspected using color and power 
Doppler in both planes for the presence of lesions 
demonstrating increased  fl ow with respect to other 
PZ areas of the gland. Abnormalities are recorded 
by image-saving mechanisms (either paper hard 
copy or electronic). Localization of all lesions is 

performed in real time with image documentation. 
Following instillation of local anesthesia, prostate 
volume calculations should be carried out. These 
volumes can be calculated through a variety of for-
mulas that assume the prostate to be that of a geo-
metric shape. These formulas estimate weight as 
well as volume, as 1 cm 3  equals 1 g of prostatic 
tissue  [  28  ] . The speci fi c gravity of prostate tissue 
is approximately 1.02 g/cm 3 . 

 Formulas for estimated weight and volume of 
the prostate gland:
   a.    Ellipse: ( p /6 × transverse diameter × AP diam-

eter × longitudinal diameter)  
   b.    Sphere: ( p /6 × transverse diameter 3 )  
   c.    Prolate (egg shaped): ( p /6 × transverse diame-

ter 2  × AP diameter)     
 Volume measurements of the TZ and bladder 

volume may be carried out and recorded depending 
on the preference of the physician. The integrity of 
the surrounding structures should be evaluated 
which include examination of the bladder wall, 
seminal vesicles, and anal canal up to the level of 
the prostate.  

   PSA Density 

 Calculating prostate volume allows the use of 
PSA density (PSAD) de fi ned as the ratio of serum 
PSA-to-prostate volume. PSAD is thought to 
improve cancer detection (sensitivity) and reduce 
the number of unnecessary prostate needle biop-
sies (PNB) (speci fi city). Djavan and colleagues 
demonstrated that PSAD and TZ PSAD were 
signi fi cantly higher in subjects diagnosed with 
prostate cancer on initial and repeat biopsies  [  29  ] . 
The authors routinely calculate PSAD and record 
it in real time; however, their data do not support 
basing the decision to perform prostate biopsy 
solely on this parameter.  

   Prostatic and Paraprostatic Cysts 

 As the prostate is examined focal cystic areas can 
often be noted. These cysts can vary in size and, 
when associated with BPH, are due to cystic dila-
tation of TZ glands. Other common cysts include 
acquired prostatic retention cysts which represent 

  Fig. 11.2    Transrectal ultrasound image (7.5 MHz) of the 
prostate—sagittal view. Hypoechoic region posterior to the 
gland represents local anesthetic injection site ( arrows )       
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dilatation of glandular acini. Acquired prostatic 
retention cysts may occur in any zone and are not 
associated with BPH. Other cysts are less com-
mon but have important associations or implica-
tions. Utricular and Mullerian duct cysts are 
congenital midline or paramedian cysts. Utricular 
cysts are intraprostatic in nature. Arising from a 
dilated utricle originating at the verumontanum, 
these communicate with the urethra and can be 
associated with cryptorchidism and hypospadias 
 [  30  ] . Mullerian duct cysts are located retrovesi-
cally and originate from Mullerian remnants. 
They have no communication with the urethra 
and can be associated with calculi and renal agen-
esis  [  31  ] . Ejaculatory cysts, arising from an 
obstructed ejaculatory duct, can be located in a 
midline or paramedian position. These can be 
associated with seminal vesicle obstruction and 
may contain calculi. Seminal vesicle cysts are 
found lateral to the prostate and are secondary to 
congenital hypoplasia of the ejaculatory duct  [  32  ] . 
Unilateral in nature, they may contain calculi and 
are associated with renal agenesis and epididymi-
tis. Prostatic abscesses can be associated with sur-
gery, prostatitis, or epididymitis  [  33  ] .  

   Hypoechoic Lesions 

 The gland should be examined for hypoechoic 
lesions. The classic appearance of prostate cancer 
is a round/oval hypoechoic lesion located in the 
PZ. Contemporary series have noted that the 
presence of these lesions is a less sensitive sign 
for prostate cancer than once thought, with 
hypoechoic lesions being malignant at a rate of 
17–57%  [  34  ] . However, a continued valuable 
asset of TRUS is directed biopsy of these lesions. 
Absence of hypoechoic lesions is not a contrain-
dication to biopsy as 39% and 1% of prostate 
cancer are isoechoic and hyperechoic, respec-
tively  [  35  ] . TRUS has a known poor speci fi city in 
regard to the presence of a hypoechoic lesion. 
Entities which also have a hypoechoic appear-
ance on TRUS include granulomatous prostatitis 
 [  36  ] , prostatic infarction,  [  37  ]  lymphoma,  [  38  ]  
and TZ BPH  [  39  ]  (Fig.  11.3 ).   

   Color Doppler 

 Color Doppler (CD) is a tool that attempts to 
allow TRUS to differentiate benign from malig-
nant tissue. CD measures the frequency shift in 
sound waves as a measurement of the velocity of 
blood  fl ow. This capitalizes on the hypervascular 
appearance of prostate cancer due to increased 
microvessel density secondary to increased 
angiogenesis versus benign tissue  [  40  ] . Cornud 
et al.  [  41  ]  noted that in patients with clinical T1c 
disease, high-risk pathologic features (ECE, 
pT3b) were present more often in tumors visual-
ized with CD versus those with the absence of a 
positive CD signal. Another study demonstrated 
a 2.6 times increased detection of prostate cancer 
versus conventional gray-scale ultrasound.  [  34  ]  
Halpern and Strup  [  42  ]  demonstrated CD sensi-
tivity and speci fi city to diagnose prostate cancer 
at 27.3 and 83.9%, respectively. This is an 
improvement in speci fi city with respect to gray-
scale imaging (sensitivity 44.4%, speci fi city 
70.5%). However, 45% of cancers still went 
undetected by any ultrasound modality. Arger 
 [  43  ]  has suggested that pathologic groups based 
on Gleason scores, high (8–10), intermediate 
(5–7), and low (2–4), were not separable by vas-
cular measurement. While several studies  [  41  ]  

  Fig. 11.3    Transrectal ultrasound image (7.5 MHz) of the 
prostate—transverse view ( left ) and sagittal view ( right ). 
Hypoechoic lesion in the peripheral zone posterolaterally 
represents an area of increased suspicion for malignancy 
( arrows )       
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 [  44  ]   [  45  ]  have demonstrated increased cancer 
detection using CD-targeted focal biopsy strate-
gies, there remain enough questions to preclude 
replacement of a systemic biopsy approach  [  46  ]  
(Fig.  11.4 ).   

   Biopsy Strategies 

 The advent of the sextant biopsy technique, that is, 
systematic biopsy of the apex, mid, and base of the 
prostate on each side of the gland, represented an 
improvement in prostate cancer detection over 
site-speci fi c biopsies of hypoechoic lesions or pal-
pable abnormalities  [  5  ] . With this limited template, 
there is still concern for a high false-negative rate, 
with Levine et al.  [  47  ]  demonstrating in a repeat 
biopsy series a false-negative rate of 30% of men 
with an abnormal digital rectal examination (DRE) 
and/or elevated serum PSA. Re fi nements have 
focused on the importance of increased number of 
cores, as well as including laterally directed biop-
sies. Many groups have reported series (Table  11.1 ) 
in which improved cancer detection rates are 
achieved by including additional laterally directed 
cores and/or increasing the cores taken from 6 to 
as many as 13.  [  47–  51  ]   

 Investigators  [  52,   53  ]  have demonstrated a lack 
of usefulness for TZ and SV sampling on initial 
biopsy with only 2.1 and 3.7%, respectively, of 

biopsies being positive. The spatial distribution of 
cancer foci of prostate cancers with negative ini-
tial biopsies or with a gland volume larger than 
50 cc may vary compared to that of prostate carci-
nomas diagnosed on initial biopsy. In these cases 
special emphasis on the apico-dorsal peripheral 
and transitional zones should be considered  [  54, 
  55  ] . Biopsy of the SV is not recommended unless 
a palpable abnormality is appreciated. 

 It is generally recommended that 10–12 biop-
sies of the gland be obtained with attention to the 
anterior horns. Technique is important in obtain-
ing laterally directed biopsies. It should be 
recalled that the tru-cut needle travels between 17 
mm and 24 mm depending on the manufacturer’s 
standard. The user must appropriately guide the 
angle of the biopsy to maximize its position later-
ally on the gland, particularly when the anterior 
horns are approached (Fig.  11.5 ).   

   Repeat Biopsy 

 For the patient who has had a previous negative 
biopsy but has a persistent PSA elevation or 
abnormal DRE, an additional biopsy may be 
considered. During repeat biopsy the standard 
extended-core biopsy protocol should be carried 
out. Additionally any sites of ultrasound abnor-
mality and any sites of high-grade prostatic 

  Fig. 11.4    Transrectal 
ultrasound image, color 
Doppler, of the prostate—
sagittal view. Colored area 
( arrows ) in the posterior 
lateral aspect of the gland 
represents an area of 
increased vascular  fl ow 
relative to the surrounding 
parenchyma       
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intraepithelial neoplasia (HGPIN) or ASAP 
should be sampled  [  56  ] . The aforementioned 
strategy of apico-dorsal peripheral and TZ biop-
sies should be included. It is well established 
that as successive biopsies are obtained, a 
decreased rate of prostate cancer detection will 
be observed with each additional biopsy  [  57  ] . A 
large series of over 1,100 men undergoing biopsy 
as directed by PSA screening found an initial 
prostate cancer detection rate of 34%  [  58  ] . This 
declined to 19, 8, and 7% on biopsies 2–4, 
respectively. This was echoed by Djavan in the 
European Prostate Cancer Detection Study  [  59  ] . 
1,051 men with a PSA value of 4–10 ng/mL had 
a detection rate of 22% on primary biopsy. This 
declined to 10, 5, and 4% on subsequent biopsies 
2, 3, and 4. The use of free and total PSA, along 
with prostate cancer antigen-3 (PCA3), may 
allow risk strati fi cation of patients for additional 
prostate biopsy. Catalona et al.  [  60  ]  proposed the 

use of the percentage of free PSA to reduce 
unnecessary biopsies in patients with PSA val-
ues between 4.0 and 10.0 ng/mL and a palpably 
benign gland. In this study Catalona suggested 
that patients with a free PSA of less than 25% 
were signi fi cantly more likely to have a positive 
biopsy. PCA3 encodes a prostate-speci fi c mes-
senger ribonucleic acid (mRNA) that serves as 
the target for a novel urinary molecular assay for 
prostate cancer detection  [  61  ] . It has also shown 
promise as an aid in prostate cancer diagnosis in 
identifying men with a high probability of a pos-
itive (repeat) biopsy. Urine is collected after 
DRE, and PCA3 mRNA concentration is mea-
sured. Haese et al.  [  62  ]  compared PCA3 to per-
cent-free PSA and biopsy results in 463 men 
undergoing repeat biopsy. The overall positive 
repeat biopsy was 28%. The probability of a 
positive repeat biopsy increased with rising 
PCA3 scores. The PCA3 score (cut point of 35) 
was superior to percent-free PSA (cut point of 
25%) for predicting repeat prostate biopsy 
outcomes.  

   Saturation Biopsy 

 Saturation biopsy has a role in maximizing pros-
tate cancer detection rates in select patients at 
high risk for prostate cancer in the setting of a 
negative biopsy. Protocols have been described 
using both transrectal and transperineal approaches 
 [  63  ] . Various series have shown detection rates of 
30–34%  [  64–  67  ] . A drawback to this procedure is 
the need for the biopsies to be performed under 
sedation in a hospital setting. However, there are 

   Table 11.1    Prostate cancer detection rates with extended-core biopsy   

 Study  Number of cores/biopsy  Prostate cancer detection % 

 Eskew  [  48  ]    6  26.1 
 13  40.3 

 Babian  [  49  ]    6  20 
 11  30 

 Presti  [  51  ]    6  33.5 
  8  39.7 
 10  40.2 

 Naughton  [  50  ]    6  26 
 12  27 

  Fig. 11.5    Transrectal ultrasound image (7.5 MHz) of the 
prostate—transverse view. White arrow depicts the ante-
rior horns of the prostate       
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circumstances that warrant more extensive gland 
sampling. These include (1) a persistent rise in 
serum PSA and (2) new DRE abnormalities and 
low volume cancers for which a surveillance 
approach is being considered. The standard tran-
srectal approach has a theoretical limitation due to 
its limited ability to obtain anterior prostatic tis-
sue particularly at the apex. The technique 
described below focuses on the transperineal 
approach with glandular mapping.  

   Transrectal Ultrasound-Guided 
Transperineal Prostate Biopsy Using 
the Brachytherapy Template 

 Indications for transrectal ultrasound-guided/trans-
perineal prostate biopsy (TRUS/TPB) include men 
with further worrisome serum PSA changes or DRE 
abnormalities after one or more negative standard 
biopsies or those considering active surveillance for 
prostate cancer. The TRUS/TPB includes stereotac-
tic TPB using a standard brachytherapy template 
and the ultrasound device together with a brachyther-
apy stepper device  [  68  ] . 

 Patients are appropriately counseled on the 
risks and bene fi ts of the procedure, and surgical 
consent is obtained. Similar pre-biopsy precau-
tions are taken as per those outlined for the tran-
srectal technique. 

 Under general anesthesia, patients are placed 
in the lithotomy position. Intravenous antibiotics 
are administered. A DRE is again performed and 
any lesions noted. As in the case of transrectal 
biopsies the prostate is scanned in gray scale and 
color Doppler, and any abnormalities are 
recorded. The transrectal probe is placed in a 
brachytherapy stepper device and synchronized 
with the ultrasound device. Prostate volumes are 
again obtained and recorded. The prostate is 
divided into 12 sections: 4 quadrants at the base, 
mid-gland and apex, respectively. Tissue cores 
are harvested using a biopsy gun beginning at the 
apical quadrants. Twenty-four core samples are 
targeted in both the sagittal and axial views. 
Specimens are placed in individual jars and 
reported accordingly. Patients are discharged 
with oral antibiotics and analgesics.  

   TRUS Biopsy After De fi nitive 
Treatment and Hormonal Ablative 
Therapy 

 External beam radiotherapy (EBRT) decreases 
the size of the prostate gland. Small areas of can-
cer which have moderate or severe radiation 
effects tend to appear isoechoic while large 
(greater than 4 mm) foci of cancer usually show 
little radiation effect, and these foci typically 
appear hypoechoic  [  69  ] . In situations that are 
worrisome for biochemical relapse and where the 
urologist and patient are seeking proof of local 
relapse, prostate needle biopsy is usually per-
formed as described in the transrectal ultrasound-
guided manner. 

 With the exception of the presence of well-
distributed foreign bodies, long-term changes 
after brachytherapy resemble EBRT  [  70  ] . Biopsies 
of the gland are obtained in the same fashion as 
described above. 

 Whittington  [  70  ]  described the effect of LHRH 
analogs on prostate tissue. The median decrease 
in prostate volume as a result of androgen depri-
vation was 33%. The reduction in volume was 
greatest in men with the largest initial gland vol-
ume (59%) and least in men with the smallest 
glands (10%). It is rare that further biopsies will 
be required after hormonal ablation; however, if 
biopsies are required, it is very important to notify 
the pathologist as to the presence of hormonal 
ablation given the histologic changes that usually 
occur in these situations. 

 After radical prostatectomy, the presence of 
lesions (hyper or hypoechoic) interrupting the 
tapering of the bladder to the urethra, represent-
ing the anastomotic plane, is considered worri-
some for recurrence  [  71  ] . One notable exception 
is nodules anterior to the anastomosis which may 
be the ligated dorsal venous complex  [  72  ] . 
Biopsies of the bladder neck—urethral anasto-
mosis are possible. The target for biopsy is usu-
ally small, and care is required to accurately map 
the anatomy prior to biopsy. The typical area of 
concern is between the bladder neck and the 
external sphincter. The urologist is reminded to 
exhibit extreme caution around the sphincter.  
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   Complications 

 Transrectal ultrasound-guided needle biopsy is 
safe for diagnosing prostate cancer. Complications 
do arise after a prostate needle biopsy with few 
major but frequent minor self-limiting complica-
tions (Table  11.2 ).  

 Vagal response, secondary to pain/anxiety, 
occurs in 1.4–5.3% of patients.  [  67  ]  Vagal 
response is generally responsive to hydration 
and placing the patient in the Trendelenburg 
position. Hematuria is quite common immedi-
ately following biopsy (71%), with 47% of 
patients having limited hematuria resolving over 
3–7 days  [  73  ] . Hematospermia is observed in 
9–36% of biopsies and may persist for several 
months  [  7,   72  ] . Rectal bleeding is observed in 
2–8% of biopsies  [  7,   73  ] . Frequently, the bleed-
ing is mild and can be controlled with digital 
pressure. In severe cases where bleeding is not 
controlled with conservative approaches, bleed-
ing may be managed with rectal packing  [  74  ] , 
using a tampon or gauze, or can be addressed 
with endoscopic injection of vasoconstrictive 
agents or ligation of bleeding vessels during 
colonoscopy  [  75  ] . Acute urinary retention requir-
ing catheter drainage occurs up to 0.4% of the 
time  [  75  ] . Men with enlarged prostates or with 
severe baseline lower urinary tract symptoms are 
at an increased risk  [  73,   76  ] . In the pre-prophy-
laxis era, Thompson  [  76  ]  demonstrated a bacter-
emia rate of 100% with a bacteriuria rate of 87%. 
This decreased to 44% and 16%, respectively, 
with enema alone  [  77  ] . Crawford et al.  [  6  ]  
administered 48 h of carbenicillin and noted bac-
teriuria to decrease from 36 to 9% versus the 
control group. The treatment group’s incidence 
of fever was 17% compared to a rate of 48% in 
the control group. Antibiotic prophylaxis is now 
standard of care. Berger demonstrated fever 
(>38.5  ○ C) in 0.8% of 4,303 patients receiving a 
5-day course of cipro fl oxacin  [  7  ] . Similarly, a 
study administering 1–3 days of cipro fl oxacin 
noted a fever incidence of 0.6%  [  78  ] . Seeding of 
prostate cancer in the needle tract is rare but is 
reported in the literature. It is seen more com-
monly in the form of perineal recurrences after 

transperineal biopsy  [  79,   80  ]  but has been 
reported after TRUS biopsy  [  81  ] . Perineal recur-
rence has a poor prognosis  [  80  ] , while rectal 
seeding has been shown to be responsive to hor-
monal therapy as well as EBRT  [  82  ] . Hara dem-
onstrated increased circulating PSA mRNA in 
men following positive biopsy;  [  83  ]  however, 
the risk of developing metastatic disease is 
thought to be low  [  56  ] .  

   Pathologic Findings 

   HGPIN and ASAP 

 High-grade intraepithelial neoplasia (HGPIN) 
is detected on needle biopsy in 1–25% of 
patients  [  84  ] . HGPIN was thought to be a pre-
cursor lesion for adenocarcinoma, and histori-
cally, its presence prompted rebiopsy at 3–6 
months in the absence of prostate cancer in the 
biopsy specimen  [  85–  87  ] . Lefkowitz et al. 
noted that with extended 12-core biopsy tech-
nique, the repeat biopsy cancer detection rate 
was 2.3% and recommended repeat biopsy was 
not indicated for HGPIN in the absence of any 
other  fi ndings  [  88  ] . Atypical small acinar pro-
liferation (ASAP) demonstrates proliferation of 
gland without atypia  [  89,   90  ]  and has an inci-
dence of 5% of men undergoing biopsy. The 
association of ASAP with prostate cancer is 
stronger than with HGPIN,  [  91,   92  ]  with the 
cancer detection rates on subsequent biopsies 
ranging from 51 to 75%.  [  93,   94  ]    

   Table 11.2    Complication Rates in TRUS biopsies.       

 Complication  Incidence 

 Vagal response secondary 
to pain/anxiety 

 1.4–5.3%  [  67  ]  

 Hematuria  71% 
 47% resolved over 3–7 
days  [  73  ]  

 Hematospermia  9–36%  [  7,   72  ]  
 Rectal bleeding  2–8%  [  7,   73  ]  
 Acute urinary retention  0.4%  [  75  ]  
 Bacteremia (with enema)  44%  [  77  ]  
 Bacteriuria (with enema)  16%  [  77  ]  
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  Aminosalicylic acid  ( Paser )   Topical medication (cream, gel, ointment, etc.)  
  Aspirin  ( numerous ,  e . g .,  Bayer ,  Bufferin ,  Ecotrin ,  Fiorinal , 
 Aspergum ,  Alka - Seltzer ,  Percodan ,  Anacin ,  Goody ’ s ,  Zorprin ) 

  Diclofenac  ( Flector ,  Solaraze ,  Voltaren ) 

  Celecoxib  ( Celebrex )   Trolamine  ( e . g .,  Aspercreme ,  Mobisyl ,  Myo fl ex ) 
  Choline magnesium trisalicylate    Methyl salicylate  ( e . g .,  Salonpas ,  Icy Hot ) 
  Clopidogrel  ( Plavix )   Ophthalmic medication  
  Cilostazol  ( Pletal )   Bromfenac  ( Xibrom ) 
  Diclofenac  ( Cata fl am ,  Voltaren ,  Arthrotec )   Diclofenac  ( Voltaren ) 
  Di fl unisal    Flurbiprofen  ( Ocufen ) 
  Dipyridamole  ( Aggrenox ,  Persantine )   Ketorolac  ( Acular ) 
  Etodolac  ( Lodine )   Nepafenac  ( Nevanac ) 
  Fenoprofen    Injectable medication  
  Flurbiprofen    Enoxaparin  ( Lovenox ) 
  Ibuprofen  ( e . g .,  Advil ,  Midol ,  Motrin )   Dalteparin  ( Fragmin ) 
  Indomethacin  ( Indocin )   Fondaparinux  ( Arixtra ) 
  Ketoprofen  ( Orudis )   Heparin  ( HepFlush ,  Hep - Lock ) 
  Ketorolac  ( Toradol )   Tinzaparin  ( Innohep ) 
  Magnesium salicylate  ( e . g .,  Doan ’ s ,  Momentum )   Ketorolac  ( Toradol ) 
  Meclofenamate    Herbals/natural products**  
  Mefenamic acid  ( Ponstel )   Aloe  
  Meloxicam  ( Mobic )   Bilberry  
  Nabumetone (  Relafen )   Cayenne  
  Naproxen  ( e . g .,  Aleve ,  Naprosyn ,  Pamprin ,  Treximet )   Dong quai  
  Oxaprozin  ( Daypro )   Feverfew  
  Piroxicam  ( Feldene )   Fish oil  
  Salicylamide  ( e . g .,  BC Fast Pain Relief ,  Lobac )   Flaxseed oil  

   Appendix: List of Medications 
to be Avoided Prior to Biopsy    

   Predicting Outcomes Following Local 
Treatment 

 The pathologic elements obtained during needle 
biopsy including the number of cores positive, 
the percent involvement of each core, and the 
location of positive cores may contribute impor-
tant prognostic information. Clinical understag-
ing by TRUS needle biopsy occurs  [  95  ]  but is 
reduced in the era of extended-core strategies 
 [  96  ] . Studies have demonstrated the number of 
cores positive and/or the percent of cores posi-
tive, to have a correlation to prostate cancer ext-
racapsular extension (ECE), surgical margin 
status, tumor volume and stage, seminal vesicle 
involvement, and the presence of lymph node 
metastasis  [  97–  100  ] . Length of tumor tissue 

involved in each core can be measured. Longer 
tumor lengths, or higher percentage of core posi-
tivity, have been strongly associated with the 
presence of ECE, SV involvement, and biochem-
ical recurrence following treatment  [  101–  104  ] . 
Biopsy site-speci fi c percent cores positivity is 
predictive of sextant site of extension  [  105  ] , 
which can aid in identi fi cation of appropriate 
candidates for nerve-sparing surgery.  

   Summary 

 Transrectal biopsy technique using prophylactic 
antibiotics, local analgesia, and an extended-core 
technique is safe and allows detection of prostate 
cancer while providing important prognostic 
information.       

(continued)
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  Salsalate    Garlic  
  Sulindac  ( Clinoril )   Ginger  
  Ticlopidine  ( Ticlid )   Ginkgo biloba  
  Tolmetin    Ginseng  
  Warfarin  ( Coumadin ,  Jantoven )   Glucosamine ,  chondroitin  
 -Many OTC headache, allergy, and cough and cold products also 
contain aspirin, ibuprofen, or naproxen 

  Golden seal  

 -Tylenol is okay. Take as instructed   Supplement oils  
  Vitamin E  
 **Includes pills, liquids, teas, etc. 

  Prior to surgery it is important to review  all medications  you are taking with your physician as some products may 
increase your risk of bleeding. These include prescription, over-the-counter (OTC), and herbal products. Please notify 
your physician if you are taking any of the following medications. *Medications are listed by their generic name, with 
some common brand names in parenthesis. 
 Always consult your healthcare provider if you are unsure if you are taking a medication that may increase your bleed-
ing risk.  
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         Introduction 

 Ultrasound maintains its position as the primary 
imaging study of the genitourinary tract in chil-
dren despite technological advances in computer-
ized tomography (CT) and magnetic resonance 
imaging (MR). Some of the attributes of ultra-
sound that help to maintain this position include 
its ease and rapidity to perform, noninvasive 
nature, reproducibility, and its avoidance of ion-
izing radiation. These are all important, particu-
larly in the small child whose behavior may 
preclude a second chance to properly image the 
abnormality. The commonplace performance of 
prenatal ultrasound leads to the need for postna-
tal sonographic con fi rmation of possible urologic 
pathology. The other commonly ordered studies, 
voiding cystourethrography (VCUG), diuretic 
renography, CT, and MR are ordered mainly 
based upon the results of the ultrasound.  

   Ultrasound Performance in Children 

  De fi nitions and scope : The kidney is just one 
component to be evaluated in sonogram of the 
retroperitoneum in children or in adults; the other 

components include adrenals, ureters (when 
visible), and any masses. Similarly, the bladder is 
one component of a pelvic ultrasound which also 
includes the surrounding organs such as the rec-
tum, ovaries, and uterus. The scrotal ultrasound 
examination includes images of the testis, the 
epididymis, and the spermatic cord. 

 The de fi nitions of the complete and limited 
examinations are the same regardless of the age 
of the patient. The complete ultrasound of the ret-
roperitoneum consists of a B-mode scan of the 
kidneys, abdominal aorta, common iliac artery 
origins, and inferior vena cava, including any 
abnormalities. The components of the complete 
ultrasound examination of the pelvis are gender-
speci fi c and include uterus and adnexal struc-
tures, endometrium in girls, prostate and seminal 
in boys, and the bladder and any pelvic pathology 
in both sexes. In contrast, the limited examina-
tion assesses one or more elements but not all of 
the components of the complete examination or 
the reevaluation of one or more previously dem-
onstrated abnormalities. An examination per-
formed simply to determine a post-void volume 
is not considered an imaging study and is often 
performed with automated equipment for that 
speci fi c purpose. 

  Indications :  Ultrasound is the most common 
imaging study performed of the pediatric 
urinary tract . There are several indications for 
performing renal and bladder sonograms in 
children that can be further divided into investi-
gative, screening, and surveillance indications 
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(Table  12.1 ). Most commonly, ultrasound is the 
 fi rst imaging study of the child with a febrile 
UTI  [  1  ]  or one with an abnormality noted on 
prenatal sonogram or in the boy with scrotal pain.  

   Technique 

  Kidneys : The kidneys are imaged in both longitu-
dinal and transverse planes with the child primar-
ily in the supine position. If the child is able to 
follow commands,  the kidneys are best imaged 
with the child making a deep inspiration push-
ing the kidney caudally below the ribs . If the 
child cannot follow commands, the images might 
be better obtained with a bolster placed under the 
 fl ank or with the child turned on the side and the 
arm raised above the head to open up the space 

between the ribs and the iliac crest allowing better 
access to the kidney. Images must be taken with 
the child in the prone position for better visualiza-
tion of the kidney between the ribs. The right kid-
ney is imaged along the anterior axillary line using 
the liver as an acoustic window while the left kid-
ney is imaged along the posterior axillary line 
using the spleen as an acoustic window. Imaging 
is done with a curved linear-array robe. In chil-
dren under age 18 months or so, a 6–12 MHz 
probe is used, while older children are better 
imaged using a 3.5–5 MHz probe. 

  Bladder : The bladder is imaged with the child in 
the supine position using a curved array probe 
(7.7–11 MHz for children under 18 months or 
3.5–5 mHz for older children) which makes small 
skin contact and is easy to angle to gather the most 
information. The sonographer performs the study 
in both the transverse and longitudinal directions 
with the bladder at least partially  fi lled looking for 
a normal bladder and surrounding organs and 
documenting any luminal, intraluminal, or extralu-
minal abnormalities. The transverse images are 
taken moving from the pubis to the umbilicus in 
1–2 cm intervals, while the longitudinal images 
are taken moving from the midline in either direc-
tion in 1–2 cm intervals. Measurements are made 
in the transverse plane measuring the height and 
width of the urine within the bladder and then the 
length in the sagittal plane. These three measure-
ments are multiplied together and then multiplied 
by 0.65  [  2  ]  to calculate the bladder volume. Ef fl ux 
of urine from the ureteral ori fi ces can be demon-
strated by applying the Doppler mode over the 
appropriate location on the bladder  fl oor. 

  Scrotum : Ultrasound imaging of the scrotum is 
performed with the child supine and the scrotum 
supported by a folded towel placed between the 
thighs. In older children and adolescents, the penis 
position is maintained suprapubically with a sec-
ond towel or held in position by the patient. 
Scanning should be performed with 7–18 MHz 
high-frequency linear-array transducer.  Both testes 
and epididymides should be compared for size , 
 echogenicity ,  masses ,  and vascularity and imaged 
in both the transverse and longitudinal axes . 

   Table 12.1    Indications for ultrasound in children   

 Renal and bladder 
    Urinary tract infection—febrile or recurrent • 

nonfebrile 
   Prenatal GU abnormality • 
   Voiding dysfunction • 
   Renal colic • 
   Palpable abdominal mass • 
   Single umbilical artery • 
   Hypertension • 
   Hematuria • 
   Proteinuria • 
   Azotemia • 
   Family history polycystic kidney disease • 
   Hemihypertrophy • 
   Urinary retention • 
    Syndrome associated with renal involvement • 

(e.g., tuberous sclerosis, CHARGE, VACTERL, 
WAGR, etc.) 

   Surveillance of • 
   Vesicoureteral re fl ux  –
   Nephrolithiasis  –
   Hydronephrosis  –
   Cystic renal disease  –
    Neurogenic bladder dysfunction (e.g.,  –

myelodysplasia) 
    Obstructive uropathy (e.g., posterior urethral  –

valves) 
 Scrotal 

   Palpable intrascrotal mass • 
   Scrotal pain • 
   Scrotal swelling • 
   Varicocele • 
   Testicular asymmetry • 
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Spectral Doppler analysis of the intratesticular 
vasculature of both testes is performed when indi-
cated. In patients presenting with acute scrotum, 
the asymptomatic side should be scanned  fi rst so 
that gray scale and color Doppler gain settings are 
set optimally and to obtain a baseline for compari-
son with the affected side. In the presence of a sus-
pected varicocele, having the child perform the 
Valsalva maneuver or placing the child in the 
upright position can improve the evaluation of 
venous distention. 

  Documentation : The documentation of the ultra-
sound examination should be as complete and 
systematic as the examination itself. Mention 
should be made of normal and abnormal  fi ndings. 
All measurements that were taken should be doc-
umented. An example of some components of 
documentation of the kidneys, bladder, and scro-
tum is shown in Table  12.2 .    

   Kidney 

   Normal Anatomy 

  The proper evaluation of kidney assesses the 
location ,  orientation ,  axis ,  size ,  echogenicity of 
the parenchyma and the integrity of its con-
tour ,  the nature of the central echogenic focus , 
 and the absence of a visible proximal ureter  
(Fig.  12.1 ).  

 Normal kidneys lie in the retroperitoneum 
along the psoas, orientated parallel to it; both are 
oblique such that the upper pole of the kidney is 
posterior to the lower pole. The size of the kidney 
is age-dependent and is determined by measuring 
the distance between the two poles and compared 
to published nomograms  [  3  ] . From a sonographic 
perspective, the most important neighbor is the 
anterior relationship to the liver on the right side 

   Table 12.2    Documentation of ultrasound examination   

 Kidneys 

 Size  ___________  ×_______________  ___________  ×________ 
 Abnormal location  No  Pelvic  Horseshoe 
 Hydronephrosis  No  Grade  1  2  3  4 
 Malrotated  No  Yes 
 Duplication  No  Yes 
 Proximal ureteral dilation  No  Yes 
 Cortical thinning  No  Yes 
 Abnormal cortical echotexture  No  Yes 
 Cortical cyst  No  Size_____________  mm  UP________  MP____  LP___ 
 Stones  No  Size_____________  mm  UP________  MP____  LP___ 
 Mass  No  Yes 

 Bladder 

 Pre-void volume__________cc  Post-void volume  ___________  cc 
 Thickened bladder  No  Yes 
 Distal ureteral dilation  No  Yes 
 Bladder mass  No  Yes 
 Pelvic mass  No  Yes 
 Bladder stones  No  Yes 

 Scrotal 

 Right  Left 
 Testis size:____________x________  x__________ 
 Testis mass  No  Yes       __________  mm  Location_______ 
 Microcalci fi cations  No  Yes 
 Varicocele  No  Yes       __________  mm 
 Epididymal cyst  No  Yes       __________  mm 
 Hernia  No  Yes 
 Hydrocele  No  Yes 
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  Fig. 12.1    Sagittal view of a normal kidney demonstrat-
ing a normal position in the  fl ank and a normal axis, with 
good corticomedullary differentiation, a collapsed central 

echogenic focus, and hypoechoic pyramids oriented radi-
ally about the perimeter       

and the spleen on the left side. During the  fi rst sev-
eral months of life, the echogenicity of the renal 
parenchyma may be isoechoic or hyperechoic in 
comparison to the adjacent liver or spleen and then 
becomes hypoechoic in comparison. 

 The renal cortex can be distinguished from the 
medulla by the presence of a line, re fl ecting the 
subtle differences in echogenicity. The presence 
of this corticomedullary differentiation is an indi-
cator of normal architecture and a marker of 
parenchymal integrity. 

 The contour of the pediatric kidney can be 
smooth but is often lobulated. The lobes of paren-
chyma consist of a central pyramid covered by 
cortical parenchyma and the columns of Bertin 
are located between these pyramids. The lobu-
lated appearance regresses with time and the con-
tour becomes smooth. 

 The renal pyramids are seen as hypoechoic 
areas radially distributed surrounding the central 
echogenic focus (CEF) that are most commonly 
seen in infants and also regress with time. The 
CEF consists of the renal pelvis, hilar vasculature 
and lymphatics, and sinus fat (accounting for its 
hyperechoic appearance). In the sagittal plane, 
there is ordinarily a single CEF surrounded by a 
symmetric thickness of parenchyma. The CEF 
should be collapsed upon itself unless it is 

distended with urine and the walls of the renal 
pelvis separate. The proximal ureter should  not  
normally be visible on sonogram.  

   Renal Anomalies 

 Anomalies or abnormalities of the kidneys in 
children can be described developmentally as 
either congenital or acquired and then again ana-
tomically by number, location, vascular, paren-
chymal, and collecting system.   

   Unilateral Renal Agenesis 

 Unilateral renal agenesis is most commonly 
detected in children during imaging performed (1) 
prenatally, (2) for a urinary complaint, (3) during 
screening for associated anomalies, or (4) inciden-
tally during evaluation of unrelated conditions. On 
ultrasound, the renal fossa is empty of a reniform 
structure and may instead be occupied by bowel. 
Otherwise the surrounding organs are normal in 
appearance. It is important that the person perform-
ing the study then scans the pelvis to determine if 
the kidney is ectopic in position. In infants,  the 
adrenal will be prominent and in the normal 
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anatomical position . The remaining kidney will 
be large re fl ecting compensatory hypertrophy. The 
diagnosis can be con fi ned by nuclear scintigraphy 
(DMSA), MR, or CT, although Krill et al. found 
that measuring the polar size of the kidney on ultra-
sound offers suf fi cient accuracy in predicting a 
solitary kidney  [  4  ] . VCUG is indicated because of 
the signi fi cant incidence of vesicoureteral re fl ux in 
the remaining renal unit  [  5  ]  (Fig.  12.2 ).   

   Renal Ectopia 

 Kidneys begin their embryologic journey in the 
bony pelvis with the renal pelvis oriented anteri-
orly and then reach the renal fossa and  fi nish their 
medial rotation by the ninth week of gestation. 
However, this process may abort anywhere along 
the course of ascent. Similarly, the metanephric 
blastema may cross over to the contralateral side 
and may attach to the other metanephric blastema 
(crossed-fused ectopia). 

 A normal-appearing reniform kidney may be 
seen in the pelvis behind the bladder (Fig.  12.3 ). 
However, because of the associated malrotation 
of a pelvic or crossed (fused, non-fused) kidney, 
the cortex may appear variable in echogenicity 
and in corticomedullary differentiation. Also, or 
for the same reason, measurement of polar length 
may be arti fi cially small.  

 The horseshoe kidney is the most common 
fusion anomaly in children (Fig.  12.4 ). This may 

be suspected when both malrotated kidneys are 
positioned caudal to their usual position. Horseshoe 
kidneys are at risk for UPJ obstruction and Wilms’ 
tumor and these may be detected easily by ultra-
sound. The isthmus between the two kidneys may 
be thick on ultrasound; function of the isthmus can 
be evaluated by nuclear scintigraphy.   

   Renal Vein Thrombosis 

 Ultrasound is well-suited for evaluating the kidney 
with suspected renal vein thrombosis. Risk factors 
for renal vein thrombosis include dehydration, 
traumatic delivery, and sepsis. During the acute 
phase, during which there is considerable edema, 
ultrasound will demonstrate an enlarged kidney 
with loss of corticomedullary differentiation 
(Fig.  12.5 ). The parenchyma is hypoechoic early in 
the process due to edema but becomes hyperechoic 
as  fi brosis sets in. Thrombi in smaller vessels are 
seen as radiating linear echogenic bands in the 
parenchyma. At later phases, atrophy will be seen 
as well as calci fi cations in the area of the thrombi. 
Venous  fl ow is absent when Doppler is applied.   

   Infection and Scarring 

 Urinary tract infections are a leading indication 
for ordering renal ultrasound in children. The 
spectrum of the clinical presentation of UTIs is 
variable and often matches the ultrasound 
 fi ndings. In many cases, the sonogram of the kid-
neys and bladder is completely normal. In some 
cases, all is normal except for some self-limited 
mild hydronephrosis or hydroureter as a result of 
the dilating effect of bacteria-released endotoxins. 
When there is diffuse pyelonephritis, the kidney 
will be enlarged and hypoechoic (either diffusely 
or multifocal) with loss of corticomedullary 
differentiation will be seen (Fig.  12.6 ).  

 Following a pyelonephritic episode, particularly 
when associated with vesicoureteral re fl ux, the 
healing parenchyma may leave a scar.  The scar 
needs to be large to be detected on ultrasound : 
 the indented contour in the area ( s )  of scar 
re fl ecting cortical loss . This contraction of paren-
chyma may be focal or in severe cases involves the 

  Fig. 12.2    An empty renal fossa demonstrating the psoas 
muscle posterior and the normal liver anterior and superior       
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entire kidney. In such cases the size of the kidney 
will also contract. One needs to avoid confusing 
these scars with persistent fetal lobulations. Scarring 
typically occurs  over  calyces (the point of retro-
grade entry of bacteria to the parenchyma) while 
the contour indentations associated with fetal lobu-
lations are  between  the calyces (re fl ecting the adja-
cent lobes of renal development) (Fig.  12.7 ).   

   Renal Cystic Diseases 

 There are several conditions in which renal cysts 
are prominent. The more important ones in chil-
dren are multicystic dysplastic kidney (MCDK) 
and polycystic kidney disease (both autosomal 
recessive and autosomal dominant). 

  Fig. 12.3    The presence of an ectopic kidney in the pelvis situated posterior to the urinary bladder. The kidney has 
normal contour and echogenicity but is malrotated due to incomplete medial rotation during ascent       

  Fig. 12.4    Transverse view demonstrating the caudal location of malrotated and fused kidneys, i.e., a horseshoe kidney. 
The isthmus is identi fi ed in the midportion of the kidney and the spine located posteriorly       
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  Multicystic dysplastic kidney : The classic 
ultrasound  fi ndings are those of multiple non-
communicating cysts of variable size (Fig.  12.8 ). 
The largest cysts are located in the periphery of 
the kidney thus helping to distinguish this from 
severe hydronephrosis where the larger 
hypoechoic areas are located centrally. However, 
despite this difference, it may be very dif fi cult to 
distinguish between the two entities. There is a 
paucity of renal parenchyma in the MCDK which 
has minimal to no function as documented by 
nuclear scintigraphy. The natural history of an 
MCDK is involution with subsequent contraction 
or even disappearance of the kidney as followed 
by ultrasound. Associated contralateral renal 
abnormalities may be seen in about 40 % of the 
cases, and vesicoureteral re fl ux may be present in 
the stump of the MCDK or in the contralateral 
kidney; therefore, VCUG is indicated  [  6  ] .   

   Polycystic Kidney Disease 

 The genetics of the two diseases are self-evident 
in their names and their clinical courses are dif-
ferent. The ultrasound features of autosomal 
recessive polycystic kidney disease (ARPCKD) 
type include extremely large, reniform kidneys 
that are homogeneous and hyperechoic. The 
multiple re fl ective interfaces of the ectatic 
dilated renal tubules cause the characteristic 
hyperechoic appearance. Autosomal-dominant 
polycystic kidney disease (ADPCKD) demon-
strates bilateral multiple renal cysts of variable 
size. At the youngest ages, the cysts are fewer in 
number and the renal parenchyma relatively 
normal with respect to corticomedullary differ-
entiation and echogenicity. However, with time, 
the cysts grow in size and number leading to 
compression of the renal parenchyma and pos-
sible distortion of the renal pelvis (Fig.  12.9 ).   

   Renal Tumors 

 Mesoblastic nephroma and Wilms’ tumor 
(Fig.  12.10 ) are the more important solid renal 
masses in children. The benign mesoblastic 

  Fig. 12.5    Sequence of renal sonograms from a neonate 
with renal vein thrombosis. ( a ) Sagittal view of the left 
kidney demonstrating normal echogenicity and pyra-
mids with grade 1 hydronephrosis. ( b ) Sagittal view of 
the right kidney taken at the same time as ( a ) demon-
strates a larger kidney with poor corticomedullary dif-
ferentiation. ( c ) 6 months later, the left kidney has 
become atrophic and continues to have poor corticome-
dullary differentiation       
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nephroma is the most common solid renal mass 
in children under 3 months while the malignant 
Wilms’ tumor is the most common solid renal 
mass in childhood. They commonly present as 
abdominal or  fl ank masses and their ultrasound 
features are similar. These are heterogeneous 
intrarenal masses of variable size that are mainly 
solid and hyperechoic, but areas of necrosis and 
hemorrhage lead to areas that are hypoechoic. 
Cystic variants of Wilms’ tumor will demon-
strate anechoic areas. Hydronephrosis may be 

present with either mass. The contralateral 
kidney may demonstrate involvement in Wilms 
tumor. Tumor thrombus may be present in the 
renal vein.   

   Stones 

 Urolithiasis is not unique to children and has the 
same features as in adults. Stones are detected as 
hyperechoic foci with posterior shadowing; the 

  Fig. 12.6    Sagittal view of the kidney of a hospitalized, febrile (103.4 ° F), 3-year-old girl whose catheterized urine culture grew 
100,000  E. coli . The kidney is enlarged (7.8 cm) and has disturbed echogenicity due to edema and in fl ammation       

  Fig. 12.7    ( a ) Sagittal view of the right kidney of a child 
with a history of febrile urinary tract infections. Scarring is 
identi fi ed in the upper pole of the kidney ( black arrows ). ( b ) 

Comparison sonogram demonstrating indentations of the 
renal contour ( black arrows ) that represent fetal lobulations 
positioned between the pyramids and not over the calyces       
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shadowing distinguishes the stone from fat or 
blood vessels. The axial resolution of ultrasound 
allows for its detection of medium-sized or large 
stones; sometimes an apparently single stone is 
actually 2 or more smaller stones in close prox-
imity. Hydronephrosis proximal to the stone can 
be seen.  

   Hydronephrosis 

 Dilation of the renal pelvis goes by a variety of 
monikers: pyelectasis, pelviectasis, pelvis dila-
tion, and hydronephrosis. Regardless of the name, 
 renal pelvic dilation is the most common ultra-
sound abnormality of the kidney seen prena-
tally or postnatally   [  7  ] . Prenatally dilation of the 
renal pelvis is measured in millimeters in the 
anteroposterior dimension; the risk of a signi fi cant 
uropathy increases with the age of gestation  [  8  ]  
or size of the pelvis  [  9  ] . Postnatally, hydroneph-
rosis is divided into grades using systems such as 
that outlined by the Society for Fetal Urology 
(Fig.  12.11 ). By the SFU system, the lowest grade 
of hydronephrosis refers to slight pelvic dilation 
and the highest grade refers to extension of the 
dilatation into the calyces and the presence of 
renal parenchymal thinning  [  10  ] .  

 Hydronephrosis may be primary or second-
ary and either obstructive or nonobstructive. 

VCUG and/or diuretic renography helps to 
de fi ne the nature of the hydronephrosis. In con-
trast to higher grades of hydronephrosis, milder 
grades (1, 2) are unlikely to be obstructive. The 
most common cause of obstruction is at the ure-
teropelvic junction either due to a congenital 
intrinsic narrowing or from a lower pole vessel 
crossing anterior to the ureter. When UPJ 
obstruction is suspected, the ultrasound will 
demonstrate a large centrally located hypoechoic 
area (renal pelvis) extending into and blunting 
the calyces (grade III). As mentioned above, if 
the renal parenchyma is compressed and thinned 
compared with the contralateral kidney, this 
constitutes grade IV hydronephrosis and is 
likely due to obstruction. In cases of intermit-
tent obstruction, the SFU grade of hydronephro-
sis may be lower than expected  [  11  ] . The 
diagnosis of obstruction is only suspected by 
ultrasound but not made without the adjuvant 
use of other provocative studies such as furo-
semide nuclear scintigraphy, magnetic urogra-
phy, or even retrograde pyelogram or excretory 
urography (Case Study 1).   

  Fig. 12.8    Multicystic dysplastic kidney with multiple-
sized anechoic areas of variable sizes without identi fi able 
parenchyma in the periphery and hyperechoic parenchyma 
( arrows ) between the cysts (C)       

 Case Study 1 

 Child with ureteropelvic junction obstruc-
tion. (a) Preoperative sagittal view of a left 
renal ultrasound demonstrates SFU grade 4 
hydronephrosis—extension into the caly-
ces with parenchymal thinning (arrow). (b) 
The diuretic MAG 3 renogram demon-
strates a right kidney with rapid uptake and 
drainage while the left one (*) shows per-
sistent tracer. The drainage curve of the left 
kidney remains  fl at, even after furosemide 
injection while the right kidney drained 
before injection. (c) Intraoperative retro-
grade pyelogram demonstrates a dilated 
renal pelvis and narrowing at the uretero-
pelvic junction (arrow). (d) Postoperative 
ultrasound image of the left kidney show-
ing resolution of the hydronephrosis and 
minimal residual calyceal dilation (*). 
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   Collecting System Duplication 

 The presence of a duplicated collecting system is 
very common  [  12  ] . Most duplication anomalies 
are inconsequential and are discovered inciden-
tally on prenatal ultrasound or later when ultra-
sound is performed for urologic or non-urologic 
reasons. However, some duplication anomalies 
can be clinically signi fi cant such as in cases of 
ureterocele and ectopic ureters that are associated 
with the upper pole moiety and ureteropelvic 

junction obstruction and re fl ux that are associ-
ated with the lower pole moiety. These signi fi cant 
duplications may be detected prenatally or after 
their clinical presentation leads to the perfor-
mance of an ultrasound. 

  The ultrasound must include the kidney 
and the bladder to best document the nature 
of the duplication . In the simplest case, there are 
two central echogenic foci separated by a bar of 
renal parenchyma isoechoic to the rest of the nor-
mal parenchyma, no hydronephrosis, and the 
proximal ureters are not identi fi able (Fig.  12.12 ). 

  Fig. 12.9    Sagittal view of a renal ultrasound of a teenager with ADPCK demonstrating replacement of the renal paren-
chyma with several cysts of variable size       

  Fig. 12.10    Sonogram and corresponding CT of a 2-year-
old child with a right-sided Wilms’ tumor. The lower pole 
exophytic mass is seen as a homogeneous mass in this 

case. However, other cases may demonstrate a heteroge-
neous mass re fl ecting bleeding and necrosis replacing the 
majority of the renal parenchyma       
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  Fig. 12.11    Society for Fetal Urology grading system: 
( a ) 1-mild pelvic dilation; ( b ) 2-moderate pelvic dilation; 
( c ) 3-dilation extending into the calyces and normal 
parenchyma; ( d ) 4-calyceal dilation and thinning of the 

parenchyma compared to the contralateral kidney; and 
( e ) a schematic representation of these grades is depicted 
for comparison with the images above       
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The bladder is normal in thickness and con-
tour without any defects within it and the dis-
tal ureters are not visible. In the more complex 
cases, ultrasound identi fi es hydronephrosis in 
either upper or lower pole moieties, dilation 
and possible tortuosity of the proximal and/or 
distal ureters, upper pole scarring or dysplasia 
(shrunken hyperechoic region), or uretero-
cele. VCUG and diuretic renogram supple-
ment the ultrasound in better de fi ning the 
complete anomaly.   

   Bladder 

   Normal Bladder 

 The bladder should be smooth in contour and 
thin walled. In general, thickened bladders 
re fl ect bladder outlet obstruction as seen in neu-
rogenic states or posterior urethral valves; how-
ever, bladder wall thickness is of arguable 
clinical value. The urine will be hypoechoic 
and there should be an absence of debris, 
masses, or signi fi cant post-void residual urine. 
The area inferior to the bladder contains the 
rectum and the presence of stool should be 
noted (Fig.  12.13a–c ).   

        Ureterocele 

 Ureteroceles have a variable effect on the urinary 
tract and thus on the  fi ndings at ultrasound.  Bladder 
ultrasound is most effective in making the radio-
graphic diagnosis of ureterocele   [  13  ] :  a round 
thin - walled cystic structure at the bladder base 
perhaps with the dilated ureter leading into it . 
An everting ureteroceles may be confused for blad-
der diverticulum  [  14  ] . Hydroureter is present when 
the ureterocele delays the passage of urine or is 
associated with re fl ux. The contralateral ureter may 
also be dilated when the ureterocele encroaches 
upon the contralateral ori fi ce retarding the passage 
of urine, or undermines the antire fl ux mechanism, 
or causes obstruction of the bladder neck. The renal 
ultrasound may demonstrate a single system (males 
more likely) or a duplicated system (females more 
likely). Hydronephrosis of variable grade may be 
seen ipsilateral and/or contralateral to the kidney 
with the ureterocele (Case Study 2).   

   Vesicoureteral Re fl ux 

 Vesicoureteral re fl ux is the most common anom-
aly detected following abnormal prenatal renal 
ultrasound or after a urinary tract infection. 
Ultrasound may demonstrate variable degree of 

  Fig. 12.12    Renal duplication. Sagittal ultrasound dem-
onstrating two central echogenic foci separated by a bar of 
normal renal parenchyma ( asterisk )       

 Case Study 2 

 This 3-month-old female was born with 
prenatally detected left hydronephrosis. The 
postnatal imaging included (a) sagittal 
image of the kidney that reveals a dupli-
cated left collecting system with hydro-
nephrosis isolated to the upper pole. (b) The 
bladder sonogram demonstrates a very large 
ureterocele (*) presumed to be from the left 
side (this was con fi rmed cystoscopically). 
(c) The VCUG demonstrates vesicoureteral 
re fl ux into the lower pole moiety only with 
displacement of the lower pole by the 
dilated upper pole segment. The area of the 
upper pole system is marked as * 
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hydronephrosis or hydroureteronephrosis. 
However, the grade of hydronephrosis does not 
necessarily correlate with the grade of vesi-
coureteral re fl ux (Fig.  12.14 )  [  15  ] . Notwithstanding 
this fact, renal ultrasound is often used to screen 
older siblings of probands with re fl ux.    When 
re fl ux is associated with renal scarring, ultra-
sound can document advanced scarring where 
irregular renal contour, loss of corticomedullary 
differentiation, or a shrunken kidney may be seen. 
Scarring is best documented by areas of decreased 
uptake during nuclear scintigraphy (DMSA). 
Ultrasound may be useful as a postoperative 

study to document that the kidneys appear the 
same as the preoperative images  [  16  ] .   

   Posterior Urethral Valves 

 Posterior urethral valves are not diagnosed by 
ultrasound, but the effect of the valves on the 
bladder, ureters, and kidneys can be detected 
and can be profound. Bladder wall thickening 
may be seen re fl ecting detrusor hypertrophy. 
Dilation of the ureters is variable and may be 
present due to the obstructive phenomena 

  Fig. 12.13    Pre- and post-void images of a normal 
bladder. ( a ) demonstrates transverse and sagittal 
images of a thin-walled bladder without debris and 

intraluminal or extraluminal abnormalities. ( b ) The 
bladder empties its volume to completion and stool is 
seen in the rectal vault       

  Fig. 12.14    VCUG from a young child with bilateral 
vesicoureteral re fl ux, grade 3 on the  right  and grade 4 on 
the  left  ( a ). The sonogram of the kidneys was completely 

normal as seen here of the  left side , the side with the 
higher grade of re fl ux ( b )       
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and/or vesicoureteral re fl ux. When present, 
hydroureters may be seen distally as hypoechoic 
areas posterior to the bladder and may be traced 
proximally, in severe cases, to the ureteropel-
vic junction. At the level of the kidney, hydro-
nephrosis of all grades may be seen. In the 
presence of renal damage, the parenchyma may 
be hyperechoic and thinned with the loss of 
corticomedullary differentiation, or cystic 
changes. When suspected on prenatal ultra-
sound, oligohydramnios and a dilated prostatic 
urethra may be present in addition to the above 
 fi ndings  [  17  ]  (Fig.  12.15a, b ).   

   Neurogenic Bladder 

 The sonographic images of urinary tract of 
children with neurogenic bladders are similar 
to those seen in posterior urethral valves. 
Ultrasound will often demonstrate bladder 
wall thickening, associated hydronephrosis, or 
hydroureteronephrosis due to re fl ux or high 
bladder pressures. Ultrasound studies in both 
conditions will provide information regarding 
the post-void residual and thus the bladder’s 

ability to empty. As in posterior urethral 
valves, there is spectrum of effect on the uri-
nary tract and the  fi ndings outlined above may 
be seen to varying degrees.  

   Scrotum 

 The details of scrotal ultrasound and varicoceles 
will be discussed in greater detail in Chap. 8. 
However, it is important to outline the  fi ndings 
associated with the more common scrotal pathol-
ogies in children.  

   Undescended Testis 

  Ultrasound is of limited utility for the evalua-
tion of cryptorchidism . Since a majority of unde-
scended testes are located in the inguinal canal, 
high-frequency (18 mHz) linear-array transducers 
are often able to identify gonads in this location. 
The presence or absence of a testis on sonogram 
should only con fi rm the  fi ndings at physical exam-
ination. The features of the testis would be similar 
to that of the normally descended testis unless 

  Fig. 12.15    Neonate with posterior urethral valves 
con fi rmed and treated cystoscopically. This transverse 
sonographic image of the bladder highlights the much 
thickened muscular wall ( a ). Other features included a 
dilated posterior urethra and bilateral hydroureteroneph-

rosis. The VCUG shown demonstrates irregular-shaped 
bladder with dilated posterior urethra and sudden change 
in caliber at the location of the valve and high-grade vesi-
coureteral re fl ux ( b )       
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atrophy has occurred. In these cases, the testis size 
is smaller and the parenchyma is hyperechoic.  

   Hydrocele 

 Hydroceles in children are commonly communi-
cating with the abdomen via a patent processus 
vaginalis; otherwise they are isolated from the 
abdomen and surround the testes. The diagnosis 
is typically one based on history and physical 
examination. However, ultrasound can be a use-
ful adjunct in which there is an anechoic  fl uid 
collection located in the anterolateral position of 
the affected hemiscrotum (Fig.  12.16 ). Long-
standing hydroceles may become septated and 
proteinaceous debris found in the hydrocele  fl uid. 
Septations appear on sonogram as hyperechoic 
linear or curvilinear areas separating the 
hypoechoic or anechoic  fl uid while the debris 
appears as scattered punctuate hyperechoic struc-
tures within the  fl uid. Large communications 
with the abdomen may be seen as the probe is 
moved proximally within the inguinal canal as a 
 fl uid- fi lled anechoic tubular structure.   

   Intersex 

 In the child with ambiguous genitalia, the goal of 
imaging is to identify gonads and Müllerian 
structures. Ultrasound may distinguish testicle 
from ovary in the case of a palpable gonad by its 
oval shape, larger size, and the presence of an 
epididymis. Ovaries are more echogenic and fol-
licular cysts may be identi fi ed (Fig.  12.17 ). 
Ultrasound is less reliable than MR to assess an 
intra-abdominal gonad. Pelvic ultrasound may be 
useful in identifying a well-developed uterus; 
otherwise it is a dif fi cult structure to properly 
identify when it is rudimentary.   

   Acute Testicular Pain 

 Ultrasound is an excellent modality to help de fi ne 
the nature of acute scrotal pain and swelling, i.e., 
distinguish between torsion of the spermatic cord 
or an in fl ammatory process (epididymo-orchitis 
or torsion of the appendix testis). Its rapidity and 
excellent sensitivity and speci fi city make it the 

  Fig. 12.16    Sagittal view of a scrotal ultrasound from a 
neonate with a nonpalpable right testis. The testis was 
identi fi ed in the scrotum with adequate blood  fl ow docu-

mented by Doppler. The dif fi culty in palpating the testis 
stemmed from the large surrounding hydrocele (anechoic 
area surrounding the testis)       
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 fi rst line of imaging in many institutions  [  18  ] . The 
unaffected testis/epididymis should be imaged 
 fi rst and compared to the affected side with respect 
to symmetry, architecture, and perfusion.  

 The sonographic  fi ndings of testicular torsion 
evolve with time. The study should start with 
the evaluation of the unaffected side. Early in 

the time course, the affected testis will have nor-
mal size and echogenicity. Sometimes, the point 
of torsion on the cord can be identi fi ed  [  19  ] . 
This is followed by an increase in testis and 
epididymal size and a decrease in echogenicity. 
The extent of hypoechogenicity increases with 
time. Reactive hydroceles and thickening of the 
overlying scrotal skin may be present.  The non -
 salvageable testis appears heterogeneous as 
infarction and necrosis ensues   [  20  ]  and 
Doppler  fl ow may be detected due to hyperemia 
of the skin and surrounding soft tissue. 
Ultimately, the testis will contract. While the 
sine qua non of testicular torsion is the unilat-
eral absence of Doppler  fl ow on the affected 
side, decreased  fl ow may be seen in cases of 
partial torsion or may re fl ect technical limita-
tions of documenting  fl ow in the normal testes. 

 In fl ammation of the epididymis and/or testis 
in children may be infectious in nature or sec-
ondary to trauma or torsion of an appendage. 
Sonographically, the epididymis (more com-
monly at the caput) and/or testis may be enlarged 
and hypoechoic. Color Doppler will demonstrate 
increased  fl ow to these structures or only to the 
epididymis. As in cases of spermatic cord tor-
sion, comparison to the unaffected contralateral 
hemiscrotum is imperative. The actual torsed 
appendage (Fig.  12.18 ) may be seen as a 
hypoechoic structure at the junction of the 
epididymis and testis  [  21  ] . Reactive hydroceles 
and scrotal skin thickening may be present on the 
sonogram.   

  Fig. 12.17    Comparative images of an ovary ( left ) and testis ( right ). Ovaries tend to be oblong and follicles are some-
times present. The testis is oval and the presence of the epididymis helps to make the distinction       

 Case Study 3 

 Sonographic images from two adolescent 
boys presenting to the Emergency 
Department with acute scrotal pain and 
swelling. (a) Longitudinal views of the tes-
tes of a 13-year-old male presenting with 
4 h of acute scrotal pain and swelling of the 
right side. The ultrasound demonstrates 
similar echogenicity of the two sides. 
However, Doppler signal is present within 
the left testis while there is no signal 
identi fi ed within the right testis, only in the 
surrounding tissue; this is consistent with 
torsion. (b) Color  fl ow study of the sper-
matic cord demonstrates point at which 
 fl ow is no longer detected. (c) Longitudinal 
view of the testis of a 16-year-old male 
with 1 day of acute right-sided scrotal pain. 
There is signi fi cant increased Doppler sig-
nal in the testis and in the epididymis which 
is consistent with an in fl ammatory process 
such as epididymo-orchitis. 
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   Conclusion 

 Ultrasound continues to have a pivotal role in 
managing children with urologic conditions. The 
practicing urologist needs to understand the 
nuances in performing and interpreting these 
studies in children. It is imperative for urologists 
to know the ultrasound  fi ndings associated with 
the more common urologic conditions in child-
hood of the kidney, bladder, and scrotum.      
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 This chapter addresses the assessment of 
hydronephrosis and renal colic during pregnancy, 
as well as the assessment of conditions associ-
ated with congenital pelvic and transplant kid-
neys utilizing ultrasound imaging. 

   Ultrasound Evaluation During 
Pregnancy 

 The hormonal changes during pregnancy caused 
by estrogen, progestational, and prostaglandin-
like agents are considered to be a contributing fac-
tor towards hydronephrosis and ureterectasis. 
Additionally, the anatomic location of the sigmoid 
colon on the left side provides a buffering effect 
on the left ureter and typically leads to less hydro-
nephrosis. The growing size of the uterus in a lim-
ited pelvic space is considered to be the primary 
reason for dilation of the ureters and hydroneph-
rosis. It is also thought that increasing gestational 
age and the growth of the uterus out of the pelvis 
contribute to a decrease in the pressure exerted on 
the ureters. This stabilization of the hydronephro-
sis results in a decrease in  fl ank pain experienced 
during the late stage of pregnancy. 

 The pregnancy-induced hormonal and associ-
ated physiological changes result in a  decrease 

in renal vascular resistance ,  and an increase in 
cardiac output which in turn leads to increased 
renal plasma  fl ow . Along with these changes, 
there is also a  130  %  increase in the size of the 
kidneys  and glomerular surface area under the 
in fl uence of prolactin and its growth hormone-
type effect. Another physiologic outcome is 
hypercalciuria, secondary to  approximately 30 –
 50  %  increased GFR . The calcium  fi ltration and 
intestinal calcium absorption are related to the 
high levels of placenta calcitriol. During the 
pregnancy, there is also an increase in inhibitors 
of stone formation, such as citrate, magnesium, 
and glycosaminoglycans. In spite of hypercalciu-
ria and dilation of the upper tract,  gravid and 
nongravid patients are at equal risk for devel-
opment of urolithiasis  with similar stone com-
position  [  1–  5  ] . 

 The hydronephrosis of pregnancy usually 
begins in the  second trimester and affects 90  % 
 of pregnancies by the 26 – 28th weeks . Dilatation 
increases up to the 30th week of gestation and 
remains stable for the remaining 8–10 weeks. 
The incidence of dilation is greatest in nullipa-
rous patients  [  6,   7  ] . The hydronephrosis subsides 
within the 6 weeks after parturition, but some-
times it may persist longer.  As a rule ,  there is 
more dilation on the right  ( 85  %)  than the left  
( 15  %).  The ureteral dilation does not occur 
below the pelvic brim   [  8  ] . It is also believed that 
the gravid uterus compresses the ureters at the 
pelvic brim. Other factors that can be contribu-
tory are dextrorotation of the uterus and ureteral 
 compression by the uterine and gonadal 
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 vessels , which become quite engorged during 
pregnancy (ovarian vein syndrome). The elevated 
baseline or resting ureteral pressures recorded 
above the pelvic brim decrease in prone posi-
tion—and ureteral contractile pressures recorded 
during pregnancies argue against ureteral atony 
caused by progesterone. It has been observed that 
 ureters that do not cross the pelvic brim such 
as those connected to pelvic kidneys or in an 
ileal conduit urinary diversion do not develop 
hydronephrosis , nor does it occur in quadrupeds 
 [  9  ] . These  fi ndings also argue against the role that 
hormones play during the early stages of gesta-
tion. Finally, the hydronephrosis can be consid-
ered to be the result of a combination of the above 
factors. Increased hydration has been shown to 
increase the degree of hydronephrosis. There are 
other conditions that can simulate urolithiasis 
symptoms during pregnancy, namely, acute 
pyelonephritis, renal vein thrombosis (RVT), and 
renal rupture  [  10–  13  ] . 

 The indications for ultrasonography of the 
kidney will include bilateral or unilateral  fl ank 
pain, unilateral colicky pain, and less frequently, 
hematuria.  Ultrasound evaluation helps in 
differentiating physiologic hydronephrosis 
from obstruction secondary to calculus dis-
ease . There are occasional situations where 
the colicky pain may be caused by papillary 
necrosis and in rare cases of HELLP syndrome 
(Hemolysis, Elevated Liver Enzymes, and Low 
Platelets). The one condition of the placenta 
that can be responsible for hematuria is placenta 
percreta that involves the bladder or ureter. 
Placenta accreta and increta do not extend 
beyond the uterus. Other general indications for 
ultrasonography during pregnancy include olig-
uria, anuria, urinary tract infection, pyelone-
phritis, and urinary retention (which is more 
commonly seen postpartum)  [  5,   14–  21  ] . 

  Resistive index  ( RI ) is a useful tool for the 
assessment of obstruction either in gravid or non-
gravid kidneys. RI measures intrarenal imped-
ance and it is calculated from the following 
formula:

        

               

 The resistive index (RI) is the peak systolic 
velocity (PSV) minus the end-diastolic velocity 
(EDV) divided by the PSV. The proper  location 
of measuring RI is at the corticomedullary 
junction where renal arcuate arteries and / or 
interlobar arteries along the medullary pyra-
mids  are assessed usually at an angle of 50–60° 
 [  22  ] .  The normal RI is equal to or more than 
0 . 7 ,  and typically ,  an RI of more than 0 . 9 indi-
cates renal dysfunction .  RI increases with 
decreasing diastolic  fl ow . In normal pregnancy 
there is no appreciable change in RI. Therefore in 
a hypothetical situation of absence of  fl ow in 
diastole, the resistive index equals 1.0.  In the 
early stages of obstruction ,  RI is often elevated 
and usually occurs within 6 h  after clinical 
acute obstruction  [  8  ] . From a technical point of 
view, compression of the kidney can cause eleva-
tion of RI, and this is typically noted in trans-
planted pelvic kidneys that are super fi cially 
located (Fig.  13.1 )  [  23–  26  ] .  

  Diuretic Doppler ultrasound  is a modi fi cation 
of conventional Doppler sonography to assess 
physiological responses of obstructed and nonob-

Peak systolic velocity (PSV) End diastolic velocity (EDV)
Resistive index (RI)

Peak systolic velocity (PSV)
=

−

PSV EDV
RI

PSV

−
=

  Fig. 13.1    Schematic diagram indicating an obstructed 
right kidney with associated elevated resistive index       
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structed kidneys to diuretic stimulation. 
Furosemide-enhanced diuresis leads to signi fi cant 
increases in the RI of obstructed kidneys, while 
having no effect on that of nonobstructed kidneys 
in adults or children. Saline loading followed by 
furosemide results in a divergent response with 
an increased RI in obstructed and a decreased RI 
in nonobstructed kidneys. Other factors causing 
elevated RI are renal medical disease, diabetic 
nephropathy, and external factors such as fasting 
and exsanguination. Recent studies documented 
decrease in RI with increasing heart rate and sta-
ble blood pressure and increasing RI with pulse 
pressure widening  [  27–  30  ] . 

  Resistive index is usually normal in a preg-
nant patient . The elevation of obstruction-related 
RI is thought to be due to increased renal vascular 
resistance secondary to elevated prostaglandins. 
It is recommended that, for the assessment of RI, 
patients  should avoid the use of NSAIDs prior 
to ultrasound imaging . NSAIDs may interfere 
with interpretation which may be due to block-
ing prostacyclin synthesis resulting in decreased 
renal blood  fl ow and mask the expected changes 
in RI  [  31  ] . Several NSAIDs (e.g., ketorolac, indo-
methacin) have been shown, in animal models, 
to reverse both the early vasodilation and subse-
quent vasoconstriction of acute ureteric obstruc-
tion  [  32,   33  ] . Measurement of RI is usually most 

evident during the  fi rst 6–48 h of obstruction. 
 A difference of more than 0 . 1 from side to 
side is suggestive of obstruction . The overall 
sensitivity of RI for the assessment of obstruction 
is 42–100%, and it is less sensitive for partial 
versus complete obstruction. 

 Another method for assessing the obstruction 
in a gravid kidney is the measurement of the renal 
pelvic dilation. Pathological obstruction is sus-
pected if  the cross - sectional  ( AP )  measurement 
of the renal pelvis exceeds 27 mm on the right 
or 18 mm on the left during the second and 
third trimester . It is therefore  imperative to 
obtain images of the gravid kidney from both 
sagittal and cross - sectional views . Pathological 
obstruction is suspected if the AP measurement 
exceeds 18 mm on the right and 15 mm on the left 
side during the  fi rst trimester. The cross-section 
measurement of the renal pelvis should be in the 
midpole where the maximum dilation can best be  
assessed  [  34  ]  (Figs.  13.4  and  13.5 ). The frequency 
of developing hydronephrosis is not related to the 
number of pregnancies  [  12,   35  ] . These changes 
should be interpreted in correlation with qualita-
tive and objective clinical manifestations. 
Predominately left renal pelvic dilation with left 
 fl ank pain suggests obstruction. Right  fl ank pain 
with minimal to no pelvic dilation suggests no 
pathological obstruction (Figs.  13.2 ).                

  Fig. 13.2    30-year-old female, G2P1, at 28 weeks of gestation, presenting with left  fl ank pain. The right kidney (RK) 
shows no hydronephrosis, whereas the left kidney (LK) demonstrates calyceal dilation (arrows)       
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 AP renal pelvic and calyceal measurements sug-
gesting obstruction  

 In early pregnancy, there is no signi fi cant dif-
ference in calyceal dilation. With the increase of 
gestational age, the degree of hydronephrosis 

increases on the right side and decreases on the 
left  [  36  ]  (Table  13.2 ). 

 Example: Grade 1 hydronephrosis is detected 
bilaterally in 53% of patients. For grade 2, the 
ratio changes to 35% on the right and 14% on the 

  Fig. 13.3    Ureteral jets in the previous patient, note sluggish jet from the  left  side (arrow)       

  Fig. 13.4    Diagram depicting renal pelvic measurements       

   Table 13.1    The grading of hydronephrosis during 
pregnancy   

 Grading 

 Grade 0  hydronephrosis 0–5 mm, minimal separation 
of central echo complex 

 Grade 1  hydronephrosis 6–10 mm 
 Grade 2  hydronephrosis 11–15 mm 
 Grade 3  hydronephrosis equal or more than 16 mm. A 

large sonolucent sac occupies a major portion 
of the kidney. 

   Table 13.2    AP Renal Pelvic and Calyceal Measurements 
suggesting obstruction   

 Right 
Kidney 

 Left 
Kidney 

 Calyceal 
diameter 

 First Trimester  >18 mm  >15 mm  >10 mm 
 Second and Third 
Trimester 

 >27 mm  >18 mm  >10 mm 
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left. The following graph shows the mean calyceal 
diameter of the right and the left kidneys as plot-
ted against gestational age (Table  13.3 ).  
  Ureteral Jets : One of the more recent applications 
of Doppler is imaging of the base of the bladder 
and trigone for detection of pulsatile (peristaltic) 
egress of urine from the ureteral ori fi ces 
(Figure  13.3 ). Ureteral jets can be well docu-
mented even after placement of double pigtail 
ureteral stent (Fig.  13.6a, b ). This application is 
quite useful in assessing the patency of the ure-
ter. Ureteral jets can be assessed during the fol-

low-up and observation period of medical 
expulsive therapy, in anticipation of spontaneous 
stone passage. This application is very valuable 
in management of pregnant patients with renal 
colic as it eliminates radiation exposure. Presence, 
clinical utility, value, and accuracy of ureteral 
jets, at times, remain controversial. This is due 
to the signi fi cant variability of ureteral jets fre-
quency in normal volunteers  [  37–  41  ] . 

 The drawback to assessment with ureteral 
jets is that it may add signi fi cant scanning 
time to a standard renal bladder study, but in 

  Fig. 13.6    ( a ) A strong left ureteral jet: pulsatile egress of 
urine into bladder gives the appearance of a dragon-
breathing  fi re. ( b ) A strong left ureteral jet ( arrows ) in a 
patient with a left double pigtail ureteral stent. Note that 

the direction of the jet is slightly towards left of bladder 
and vertical secondary to changes in the orientation of the 
ori fi ce with the stent in place       

  Fig. 13.5    Sagittal ( a ) and transverse ( b ) midpole ultrasound images of a pregnant patient with right  fl ank pain, 
AP measurement of 27.16 indication obstruction       
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   Table 13.3    This table describes renal calyceal dilation as it relates to gestational age   

 Gestational age 
(week) 

 Observed percentiles  Adjusted percentiles 

 Right  Left  Right  Left 
 50th  70th  90th  90th  50th  75th  90th  90th 

 4–6  0.0   3.0   5.0  2.1  1.4   2.4   3.4  0.1 
 7–8  0.0   0.0   5.0  0.0  0.3   3.2   4.5  2.2 
 9–10  0.0   0.0   4.0  0.0  1.2   4.0   5.7  3.5 
 11–12  0.0   5.0   7.0  6.0  2.0   4.9   7.0  4.5 
 13–14  0.0   5.8   8.0  6.9  2.7   5.7   8.4  5.3 
 15–16  0.0   1.0   8.9  4.9  3.0   6.7   9.8  6.0 
 17–18  5.0   9.5  12.0  8.8  3.7   7.6  11.2  6.6 
 19–20  0.0   8.0  11.0  7.7  4.2   8.6   2.6  7.1 
 21–22  5.0   9.0  13.8  6.8  4.6   9.6  13.9  7.1 
 23–24  8.0  12.0  15.0  8.2  4.9  10.5  15.1  7.9 
 25–26  7.0  13.0  16.7  8.0  5.3  11.4  16.2  8.2 
 27–28  7.0  13.0  21.0  9.0  5.6  12.2  17.2  8.4 
 29–30  7.0  11.0  16.0  9.0  5.9  13.0  18.0  8.6 
 31–32  8.0  15.5  19.4  8.2  6.1  13.7  18.7  8.7 
 33–34  4.5  13.0  20.5  8.5  6.4  14.3  19.3  8.8 
 35–36  6.0  15.0  19.0  8.0  6.6  14.8  19.7  8.9 
 37–38  5.0  14.0  20.4  8.0  6.8  15.2  19.8  8.9 
 39–42  7.0  14.0  17.0  9.2  7.1  15.5  19.8  8.7 

the case of a pregnant patient this is the most 
viable option. Unlike other scanning to obtain 
accurate results protocols, there is no de fi ned, stan-
dard adequate scanning time. In well-hydrated 
patients’ ureteral jets can often be documented 
within a few minutes of scanning the bladder. 
To indicate that there is an absence of ureteral 
jets adequate scanning time needs to be allowed. 
 Usually a minimum of 10 min is recom-
mended to adequately document absence of 
ureteral jets   [  41  ] . Thirty minutes may be 
required to document asymmetry of jet fre-
quency in order for it to be a true  fi nding.    The 
patients must be adequately hydrated. The urine 
density differences contributes to visualization 
of ureteral jet  [  39  ] . Some of the other theories 
discussed in relation to ureteral jets include 
that  frequency decreases during normal 
pregnancy .  Findings suggestive of ureteral 
obstructions are asymmetry of ureteral jets 
and absence or sluggish continuous  fl ow from 
the affected side . Lack of ureteral jets suggest-
ing obstruction is after 10 min of observation 
with no obvious  fl ow in a well-hydrated patient 

whereas in partial obstruction, there is sluggish 
trickling along the trigone versus strong upward 
jet towards opposite bladder wall. 

 Some of the above-mentioned signs that are 
indicative of obstruction can be seen in asymptom-
atic pregnant women. They may be attributed to 
diminished ureteral smooth muscle tone and extrin-
sic ureteral compression by the gravid uterus. 
 There is no correlation between the degree of 
hydronephrosis and mean jet frequency   [  41  ]  
(Fig.  13.7 ). Transvaginal sonography demonstrating 
dilated distal ureter or presence of stone can further 
document obstruction speci fi cally if combined 
with Doppler showing twinkling artifact  [  42–  44  ]  
(Fig.  13.7 ).  

 Absence of ureteral jets is reported in 33.2–
50% of asymptomatic pregnant women. 

 The absence of ureteral jets may be attributed 
to the patient’s  supine position  and ureteral com-
pression, which can be alleviated by placing the 
patient in the  contralateral decubitus position  
 [  45  ] . True obstruction of the ureter would not 
respond to a change in patient position 
(Figs.  13.8a, b ).   



  Fig. 13.7     LT : Presence of right ureteral jet from an unobstructed right gravid kidney.  RT : Very sluggish left ureteral jet 
in an unobstructed left gravid kidney       

  Fig. 13.8    ( a ) Hydronephrosis on the right side with dilation of the renal pelvis due to acute ureteral obstruction. 
( b ) Absence of Rt. ureteral jet ( arrow ). (c) Presence of a strong Lt ureteral jet ( arrow )       
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   Ultrasound-Guided Ureteroscopy 
During Pregnancy 

 Symptomatic pregnant patients may require uret-
eroscopy or stenting for relief of obstruction. It is 
best to avoid radiation during ureteroscopy  [  46  ] . 
The following steps are recommended to help the 
physician achieve this goal:

   The patient is placed on the operating table in a • 
dorsolithotomy position on a dedicated cystos-
copy table with a lead apron under the patient and 
wrapped around the abdomen only exposing the 
upper portion of the affected kidney. This is for 
possible emergency use of C-arm  fl uoroscopy to 
assess the renal area while protecting the fetus. A 
3.5/5 MgH transducer is used scanning the  fl ank 
area as well as the right or left lower quadrant.  
  After the placement of the guidewire, the • 
ultrasound imaging of the kidney can show 
motion of the wire, indicating the proper loca-
tion of the guidewire.  
  If a ureteral catheter is advanced to the renal • 
pelvis, injection of a few milliliters of air will 
create a bubbling effect, thus con fi rming the 
proper location of the catheter.  
  Distal ureteral stones can be monitored with • 
lower quadrant ultrasound imaging at the time 
of ureteroscopy.  
  Transvaginal sonography can be helpful in • 
assessing the distal ureter if transabdominal 
ultrasound is inadequate.  
  Proper location of the stent may also be • 
con fi rmed using sonography.    
 Case Study: Sonography of the lower pelvis 

on the right side in a pregnant patient with right 
 fl ank pain shows echo and shadowing, which is 
suggestive of the presence of ureteral stone (9c). 
This patient had undiagnosed, complete duplica-
tion of the right collecting system, with two 
stones obstructing both ureters. After ureteros-
copy and stone removal of one stone, intraopera-
tive ultrasound continued to show persistence of 
an echogenic area. Further evaluation of the trig-
one revealed a second ori fi ce and ureter with an 
obstructing stone (Fig.  13.9 a–f ).  

 At the completion of the procedure, a stent can 
be placed and the proximal location of the stent 
can be con fi rmed with ultrasound (Fig.  13.9g ).  

   Ultrasound Evaluation of Pelvic 
Kidneys 

 Pelvic kidneys are either congenital or trans-
planted. The transplant kidney can be either auto-
transplant, deceased donor, living-related, or 
living unrelated in patients with end-stage renal 
disease requiring dialysis. 

 The anatomy of the congenital pelvic kidneys 
is different from the surgically implanted pelvic 
kidneys.  Congenital kidneys  are  located cen-
trally  and like cross fused ectopia have  normal 
ureteral ori fi ces . Renal ultrasound can reveal 
common problems with pelvic kidneys, such as 
stone formation and hydronephrosis due to mal-
rotation and poor drainage. Sonography of the 
congenital pelvic kidneys can be dif fi cult or 
impossible because it is superimposed by the 
bowel, but the assessment of ureteral jets is sim-
ple due to the normal location of ori fi ces. 

 On the other hand, transplant kidneys are com-
monly placed extraperitoneally in the right or left 
lower quadrants. This anatomic arrangement pro-
vides for an easy imaging target since the dis-
tance between the skin and the kidney is short, 
without bowel interposition. The transplant kid-
ney ureters are implanted into the bladder, com-
monly in the anterior lateral location using a 
modi fi ed Lich-Gregoir technique. Depending on 
the technique of anastomosis, there may be a 
 nipple artifact  in the bladder, which can be 
detected via ultrasound. Stones can be formed at 
this site which produces an echo during imaging. 
Doppler application reveals signi fi cant  twinkle 
artifact   [  44  ]  (Figs.  13.10  and  13.11 ).   

 Post surgery, the hilar anatomy of a trans-
plant kidney differs from the native kidney. In 
these kidneys, the  pelvis is more anterior , 
 whereas the artery and vein are situated more 
posteriorly . Ultrasound imaging of the trans-
plant kidneys is performed from the anterior 
abdominal wall with the patient in the supine 
position. In the posttransplant kidney, the renal 
artery and vein have a different orientation. The 
renal artery is anastomosed to either the internal 
iliac end to end or external iliac artery end to 
side. The renal vein is anastomosed to the external 
iliac vein end to side. 



  Fig. 13.9    ( a ) Ultrasound reveals dilated upper pole. ( b ) 
Hydronephrotic mid- and lower pole. ( c ) Pelvic ultra-
sound detecting two stones in the vicinity of the distal 
ureter(s). ( d ) Twinkle artifact con fi rming the  fi rst stone 

( arrow ). ( e ) Twinkle artifact con fi rming the second stone 
( arrow ). ( f ) AP view of bladder showing separation of two 
ori fi ces with stone in each. ( g ) Stent in upper pole 
( arrow )       
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 Doppler evaluation of the transplant kidney 
and renal vasculature is usually the  fi rst method 
for studying the kidney during the postoperative 
period for routine follow-up or when there is 
dysfunction in the transplant kidney. These 
applications include the assessment for rejec-
tion, renal artery stenosis, and thrombosis of the 
renal artery or vein. Obviously some of the drain-

age complications in a transplant kidney such as 
ureteral obstruction, leakage, urinoma, and lym-
phocele can also be identi fi ed with ultrasound 
imaging  [  47  ] . 

  Peak systolic velocity  ( PSV ) in transplant kid-
neys is usually 100 ± 25 cm/s. In cases of renal 
artery stenosis (RAS), the PSV is between 180 
and 200 cm/s. 

  Fig. 13.10    Stone at the stump of a ureteral implant ( b ) with echo and posterior shadowing ( arrow ). Note the “twin-
kling” artifact with the Doppler wave ( a )       

  Fig. 13.11    A nipple artifact ( a ) at the anterolateral aspect of the bladder on sonography ( arrow ) represents the location 
of an implanted ureter. Endoscopic view of stone ( arrow ) formation at implant ( b ) site       
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  Renal aortic ratio  ( RAR ) is another tool to 
assess the degree of renal artery stenosis, and it is 
calculated from the following equation:

         

 RAR is considered normal up to 3.0, but a 
 ratio of more than 3 . 5 generally indicates renal 
artery stenosis   [  7  ] . 

  RI : A resistive index of more than 0.9 usually 
indicates renal transplant dysfunction.  Causes of 
elevated RI  in renal transplants can be seen in 
the accompanying table (Fig.  13.12 ).     

  Power Doppler  ( PD ), also known as nondi-
rectional Doppler, is useful for assessing  low 
 fl ow states , or when optimal Doppler angles can-
not be obtained.  PD is 3 – 5 times more sensitive  
in depicting  fl ow in all arteries than the color 
Doppler imaging (CDI)  [  5,   48  ] . Unlike CDI,  PD 
does not provide information relative to veloc-
ity or direction  of the blood  fl ow. In transplant 
kidneys, PD is an invaluable tool for the evalua-
tion of  vascular thrombosis ,  occlusion of ves-
sels , and evaluation of the parenchymal  fl ow. 
Unlike the CDI red and blue color scheme,  PD  
typically has a single  salmon color  appearance 
(Fig.  13.16 ). The color schema can be changed 
by the sonographer. Color red is customarily 
assigned to arterial and color blue to venous 
 fl ow.   

   Ultrasonic Findings in Transplant 
Complications 

     • Acute tubular necrosis  ( ATN ): In this condi-
tion, the kidney is grossly edematous, echo 
poor, with a lack of corticomedullary differen-
tiation.  RI is elevated to over 0 . 8  (Fig.  13.13 ). 
Nuclear scan is the primary imaging modality 
for ATN assessment.  
   • Acute rejection : Grayscale and spectral ultra-
sound imaging typically reveals  graft enlarge-
ment  due to edema, decreased cortical 
echogenicity, and swelling of the medullary 
pyramids resulting in  loss of corticomedullary 
differentiation . The renal sinus fat may show 
edema as well on spectral Doppler imaging.  
   • Chronic rejection : Imaging of a chronically 
rejected kidney shows a small graft,  thin ,  echo-
genic renal cortex , and relative sparing of 
medullary pyramids.  In chronic rejection RI 
is typically normal or slightly elevated   [  47  ] .  
   • Foreign body : Chronically infected and 
obstructed kidneys can develop organized amor-
phous intrarenal debris or fungus balls. This can 
be a rapid process due to the patient’s immuno-
compromised state. Sonography can detect 
these foreign bodies readily (Fig.  13.14 ).  
   • Renal vein thrombosis : This is a surgical emer-
gency and occurs in less than 1–2% of cases. 
Early detection of RVT is critical because it 

Renal peak systolic velocity (RPSV)

Aortic peak systolic velocity (APSV)

  Fig. 13.12    Table showing causes of elevated RI. Doppler evaluation showing RI of 1.00 indicated a lack of diastolic 
blood fl ow (right image)       

 



214 M. Eshghi

requires immediate surgical exploration. 
 Doppler evaluation is diagnostic  in these 
cases, since there are no collateral pathways in 
transplanted kidneys. The  fi ndings include 
 enlarged kidney with absent venous  fl ow on 
color Doppler or power Doppler  and dis-
tended and thrombus- fi lled main renal vein. On 
arterial Doppler, wave will be prolonged, and 
in a U-shape or plateau-like pattern, due to a 

 diagnostic reversal of arterial  fl ow in diastole  
(Figs.  13.15a, b )  [  49–  51  ] .  
   • Renal artery thrombosis  ( RAT ): A rare con-
dition occurring in less than 1%, usually due 
to technical reasons. The patients are  anuric 
and hypertensive  and Doppler ultrasound 
imaging reveals the  absence of arterial  fl ow  
(Fig.  13.16 )  [  47  ] .  
   • Renal artery stenosis : This condition is usu-
ally accompanied by a rise in serum creatinine, 

  Fig. 13.14    A left lower quadrant transplant kidney obstructed with infectious amorphous debris. Filling defects in the 
center and the pelvic portion of the collection system are readily visible ( arrows )       

  Fig. 13.13    Transverse gray-scale image of a kidney two days posttransplant with decreased urine output secondary to 
acute tubular necrosis ( a ). Note that the renal vascular supply is intact ( b )       
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hypertension, and a bruit over the graft can be 
auscultated. Grayscale ultrasound  fi ndings sug-
gest the appearance of a  structurally normal 
kidney , whereas the  CDI of renal artery dis-
plays a high - velocity jet exceeding peak  fl ow 
in the iliac artery  (post stenotic jet effect). 
A pathologically low RI within the graft equal 
to or less than 0.6 may be highly speci fi c for 
stenosis of over 50% since the actual  fl ow is 

low within the kidney.  Parvus Tardus , which 
is a small amplitude wave form with a pro-
longed systolic rise (slow upstroke), is indica-
tive of proximal renal artery stenosis.  Parvus 
Tardus is usually identi fi ed within the renal 
parenchyma downstream from signi fi cant 
stenosis   [  52–  54  ]  (Fig.  13.17 ).   
   • Ureteral obstruction : Ureterovesical anas-
tomotic stricture is the most common type 

  Fig. 13.16    ( a ,  b ) Patient with sudden drop of urine output 
on the  fi rst day post renal transplantation ( a ). Doppler imag-
ing of the renal hilum reveals the absence of  fl ow in the 

transplanted renal artery ( b ). Power Doppler ( salmon color ) 
shows good  fl ow in the iliac vessels. Renal artery thrombo-
sis was con fi rmed at the time of surgical exploration       

  Fig. 13.15    ( a ,  b ) Renal vein thrombosis. Doppler imag-
ing of the renal hilum in a patient with renal vein throm-
bosis showing the absence of venous  fl ow ( arrow ) ( a ) and 

spectral Doppler shows reversal of arterial  fl ow (below the 
line) in diastole ( arrow ) ( b )       
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usually secondary to a tight anastomosis 
(early) or ischemia (late) (Fig.  13.18 ). In the 
acute phase of obstruction, RI is elevated 
whereas in the late phase it is usually nor-
mal. Stone disease, upper ureteral ischemic 

stricture, and lymphocele causing extralumi-
nal compression occur less commonly. With 
malrotation of the transplant kidney, some 
patients develop ureteral obstruction at the 
level of the ureteropelvic junction. Even in 

  Fig. 13.17    ( a ) Spectral Doppler in a transplant patient 
with RAS showing a prolonged systolic rise or Parvus 
Tardus (slow upstroke). ( b ) Arterial anastomotic stenosis 

PSV=217 cm/s past anastomosis. ( c ) Main renal arterial 
stenosis PSV=277 cm/s measurement distal to stenosis       

 



21713 Ultrasound of the Gravid and Pelvic Kidney

normal circumstances, due to tilted retro-
peritoneal lie of the graft, it is not unusual to 
 fi nd a mild degree of hydronephrosis or 
calyceal dilation in either pole of a trans-
planted kidney without clinical evidence of 
obstruction or changes in serum creatinine 
(Fig.  13.19 ).    
   • UPJ obstruction : Hydronephrosis due to 
UPJ obstruction has been diagnosed in 
patients after transplant, even in the absence 
of preoperative obstruction in donor. The 
clinical and ultrasound  fi ndings are similar to 
congenital UPJ obstruction in native kidneys 
(Fig.  13.20 ).   
   • Lymphocele : The most common  fl uid collec-
tion in transplant patients (5–15%), which can 
cause hydronephrosis or a pelvic collection. 
Lymphocele can cause graft dysfunction, 
 extraluminal ureteral obstruction , lower 
extremity edema, pelvic discomfort, and 
 bladder displacement —mimicking symp-
toms suggestive of LUTS or prostatic outlet 
obstruction. Pelvic ultrasound shows a col-
lection, usually  between the transplant 

kidney and a displaced bladder . It may also 
cause hydronephrosis (Fig.  13.21 ). Lympho-
cele in other locations may not cause similar 
 fi ndings.   
   • Renal transplant stones : The localization of 
the stone in the transplant kidney is similar to 
congenital kidneys, which shows an echogenic 
area with posterior shadowing and twinkle 
artifact. A Ureteral jet can be documented by 
aiming the Doppler at lateral and anterior 
aspect of the bladder at the site of ureteroneo-
cystostomy (Fig.  13.22 ).   
   • AV  fi stula : Percutaneous renal biopsy of the 
transplant kidneys is commonly preformed to 
rule out possible rejection versus nephrotox-
icity. The most signi fi cant complications of 
percutaneous needle biopsy are acute bleed-
ing and AV  fi stula formation. Doppler ultra-
sound  fi ndings of AV  fi stula include 
 high - velocity ,  whirling  fl ow pattern , 
 mosaic color pattern  due to AV shunting, 
spectral broadening, and  turbulent  fl ow with 
mirror-imaging . The shunting will result in 
increased diastolic  fl ow velocities (80 cm/s) 

  Fig. 13.18    Ultrasound image of a left lower quadrant kidney showing hydronephrosis and dilation (1.33 cm diameter) 
of the ureter due to ureterovesical anastomotic stricture       
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  Fig. 13.19    Nonobstructed 
left lower quadrant 
renal transplant with 
mild hydronephrosis. 
( a ) Grayscale sonogram 
showing calyceal dilation 
( arrows ). ( b ) Non-contrast 
MR urogram with 
hydration rules out 
obstruction       

 



  Fig. 13.20    Renal ultrasound and CT scan of a right lower quadrant transplant kidney ( a ) with UPJ obstruction. 
Corresponding CT scan of the same kidney ( b )       

  Fig. 13.21    ( b ) Right lymphocele (C) collection next to the RLQ transplant kidney. (K) and the bladder ( a ). Note a 
sluggish ureteral jet from the transplant ureter ( arrow )       

  Fig. 13.22    Ultrasound ( a ) and ( b ) CT image comparison of transplant renal stone ( arrows )       
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due to abnormal arteriovenous communica-
tions (Fig.  13.23 )  [  47  ] .    
   • Acute pyelonephritis : Acute and chronic 
infections can occur in transplant kidneys 
with similar image  fi ndings as native kidneys, 
which include graft enlargement, changes in 

echogenicity, and loss of corticomedullary 
junction (Fig.  13.24 ).          

  Acknowledgement   The author would like to thank 
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  Fig. 13.23    Doppler imaging of a right lower quadrant 
renal transplant kidney demonstrating arteriovenous 
 fi stula, secondary to percutaneous renal needle biopsy. 

Note the mosaic pattern due to AV shunting and high-
velocity whirling  fl ow pattern ( arrows )       

  Fig. 13.24    Classic  fi ndings of chronic pyelonephritis ( a ). Note the loss of corticomedullary junction which should 
normally be seen at location arrows ( b )       
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   Types of Transducers (Fig.  14.1 ) 

     Linear : The linear array scanners produce sound 
waves parallel to each other which generate a 
rectangular image. The width of the image and 
number of scan lines are the same at all tissue 
levels. Thus coupled with high-frequency set-
tings, this probe has great near- fi eld resolution. 
The linear transducer can be used for viewing 
surface texture of the liver. The disadvantage of 
this probe is the tendency for artifacts when 
applied to a curved part of the body which gener-
ate air gaps between skin and transducer   . 

  Sector / vector :    It produces a fanlike image that is 
narrow near the transducer and increases in width 
with deeper penetration. It is useful when scanning 
between the ribs as it  fi ts in the intercostal space. 
The disadvantage is poor near- fi eld resolution. 

  Curved : The curved probe is a compromise of the 
linear and sector scanners. The density of the 
scan lines decreases with greater distance from the 
transducer, but not to the level as sector scanners. 

Often imaging requires greater depth of the 
acoustic waves, so lower frequencies (3–5 MHz) 
are used. This lower frequency also allows scanning 
for patients with various body habitus. The curved 
probe may be dif fi cult to use in curved regions 
of the body, e.g., the spleen behind the left 
costal margin. 

  Laparoscopic ultrasound  ( LUS ): Laparoscopy 
with the assistance of ultrasound avoids unneces-
sary open surgery and improves selection of 
patients for renal and adrenal tumor resection. 
The diameter is less than 10 mm to allow intro-
duction through a 10–11-mm laparoscopic port. 
The length is typically 35–50 cm and with articu-
lating tips to allow imaging to any location in the 
abdominal cavity. LUS enables direct contact of 
the probe with the target tissue thus enabling the 
use of high-frequency (6–10 MHz) waves to 
improve resolution with a depth of 4–10 cm. LUS 
may be used to identify and characterize tumors, 
guide biopsy needles, probes, and monitor the 
freezing zone during cryoablation. Challenges of 
LUS include limitations of the small working 
space resulting in images from oblique planes. 

  Transrectal ultrasound : (a)  End  fi re  is a linear 
array whose direction of maximum radiation is 
along the axis of the array; it may be either uni-
directional or bidirectional; the elements of the 
array are parallel and in the same plane, as in a 
 fi shbone antenna. (b)  Biplane is  composed of 
two arrays: one linear for imaging of the longitu-
dinal plane and a highly curved one to image the 
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transverse plane. These two planes allow simul-
taneous visualization of perpendicular planes in 
real time.  

   The Kidneys 

 The same principles and techniques to perform 
renal procedures guided by ultrasonography 
apply to interventional techniques. 

   Percutaneous Nephrostomy 
and Percutaneous Nephrolithotomy 

 Percutaneous access to the renal collecting 
system was  fi rst described in 1955 by Goodwin 
et al. as a means to either drain or stent an 
obstructed urinary system  [  2  ] . Beyond the usual 
indications for an obstructed urinary system, 
percutaneous nephrostomy (PCN) can be used 
to access the collecting system in an antegrade 
manner for de fi nitive treatment of nephrolithia-
sis, commonly performed by laser lithotripsy 
 [  3  ] . Generally, for percutaneous approach the 
left kidney is more challenging than the right 
due to the rib cage as described previously dur-
ing the Kidney US chapter. Reports show that 

only 11% of urologists perform their own 
PCN access and majority uses  fl uoroscopic 
guidance, but given appropriate training and 
use of ultrasound guidance, this technique 
still remains well within the realm of the urol-
ogist as seen in some European and Asian 
countries  [  4–  6  ] . 

  Ultrasound probe : For adult abdominal scanning, 
a curved-array transducer 3–5 MHz is used. For 
pediatric patients, a higher- frequency transducer 
may be utilized. The use of color Doppler pro-
vides good visualization of vascular structures 
within the kidney, and the probes usually allow 
attachments that can display the path of the nee-
dle towards the target (calyx or stone). 

  Technique : Hydronephrosis on ultrasound will 
demonstrate enlarged renal calyces and pelvis 
that appear black (hypoechoic), indicating the 
presence of  fl uid. While acute hydronephrosis 
generally does not affect renal parenchyma, 
chronic obstruction of the urinary tract can result 
in thinning of the renal cortex (atrophy) and 
blunting of the renal papillae. Renal stones are 
identi fi ed as hyperechoic structure on US with 
shadowing, and color Doppler can identify 
vascular structures (Fig.  14.2 ). Presence of these 

  Fig. 14.1    Ultrasound probes used in urology. ( a ) Linear array ( b ) section/vector ( c ) curved array ( d ) laparoscopic 
( e ) transrectal biplane       
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 fi ndings on ultrasound examination should be 
noted. Additionally, the operator should attempt 
to visualize the ureter, which may be dilated 
depending on etiology.  

 There are several described techniques, but 
the two most common are a one-stab technique 
and the Seldinger technique for placement of a 
PCN tube. The one-stab technique is usually 
reserved for moderately to severely dilated 
collecting systems. Meanwhile the Seldinger 
technique can be applied with or without dilation 
of the tract  [  7  ] . Both techniques are performed 
with the patient in a prone, prone-oblique posi-
tion (Fig.  14.3 ). Recently, the supine position has 
been popularized for percutaneous nephrolitho-
tomy (PCNL)  [  8  ] . The one-punch technique 
involves the use of ultrasound imaging to guide 
placement of a hollow 18-gauge needle with a 
sharp, beveled edge mounted to a pigtail catheter. 
Once inserted into the hydronephrotic collecting 
system and a  fl ash of urine is obtained, the cath-
eter can be slid over the needle and the needle 
subsequently removed  [  9  ] . Real-time ultrasound 
is used at all times to monitor the target and 

ensure that the needle, wire, and dilators enter the 
   calyx and do not violate other structures (Fig.  14.4 ). 
If only drainage is needed, a 12-French PCN tube 
can then be inserted over the wire with curl 
con fi rmation on ultrasound imaging. Imaging 
can be enhanced by injecting sterile saline to 
identify the collecting system under US guid-
ance. Further serial dilation or in fl ating balloon 
dilators can be performed with dilators up to the 
size of the instrument sheath (24 °F), ensuring 

  Fig. 14.2    Large hyperechoic renal stone with acoustic shadowing and color Doppler of vessels. ( a ) Large renal stone 
( b ) acoustic shadowing ( c ) vessels on color Doppler       

  Fig. 14.3    Percutaneous nephrolithotomy with needle-
probe attachment.  Blue  marking of ribs       
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that the wire remains in place for access purposes 
throughout the operation. In case of staghorn calculi, 
ultrasound guidance towards the stone or punc-
ture of an alternate calyx may be required. The 
patient in a prone position allows the US probe to 
examine from the most lateral side of the abdo-
men under the rib cage and scan medially to 
enable a global view of the anatomy. The serious 
limitation of the ultrasound probe is the two-dimen-
sional view of the kidney, calices, and the path 
which the needle may traverse injuring a viscera. 
The risk factors for colonic perforation are the 
following: the presence of colonic distension due 
to previous intestinal bypass surgery, female sex, 
elderly, thin patients, the presence of a horseshoe 
kidney, and previous renal surgery placing the 
colon in a more retroperitoneal position. The inci-
dence of colonic injury is also greater on the left 
side, with a lower caliceal puncture, and with an 
extreme lateral origin of the percutaneous punc-
ture  [  10  ] . Nevertheless, no statistically signi fi cant 
evidence has shown the implication of these fac-
tors in the development of colonic injury. 
Moreover, injuries to the spleen may occur on the 
left and liver on the right PCNL or PCN.   

  Clinical data : There has been one randomized 
trial that compared ultrasound-guided PCNL 
access to traditional  fl uoroscopic access and 
found comparable results with less exposure to 
ionizing radiation but longer access time 
(11.0 min vs. 5.5 min)  [  11  ] . In a large series of 

ultrasound-guided PCN by urologists, compli-
cations included urinary tract infection (1.1%), 
hemorrhage (1.9%), sepsis (0.76%), inferior 
vena cava injury (0.15%), gall bladder injury 
(0.15%), and death (0.3%). Overall, major 
complications occurred in 3.3% of patients 
(3–6.7% in various series) and minor compli-
cations in 5% (5–38% in various series)  [  12–
  14  ] . Successful PCN has been reported in these 
series as 90–95%. PCN and PCNL under ultra-
sound guidance are safe and highly  successful 
techniques in the hands of a trained urologist.  

   Percutaneous Renal Biopsy 

 Renal biopsy can be divided in two groups of 
patients: (1) patients with an abnormal mass to 
rule out malignancy or (2) patients with medical 
renal disease that requires histologic diagnosis. 
In both groups of patients ultrasound imaging 
aids signi fi cantly to identify the suspected area. 
As discussed in other chapters of this book, the 
left renal US is often more challenging than the 
contralateral side due to the anatomic position. 

  Ultrasound probe : The use of curved-array 3.5–
5-MHz probes with or without color Doppler 
provides good visualization and allows attach-
ments that can display the path of the needle 
placement towards the target. 

  Technique :    The technique is similar to PCNL. 
The target is different: (a) solid mass to rule out 
malignancy or (b) renal cortex to evaluate medi-
cal renal disease. As a general rule, percutaneous 
renal biopsy can be easily performed in nonobese 
patients and also transplanted kidneys since they 
are placed in the iliac fossa. The technique is 
similar to percutaneous renal procedures. If the 
colon is causing visual obstruction, rotate the 
patient and scan the kidney from posterior to 
anterior until the target is visualized. Preparation 
of the patient by fasting the night prior to the pro-
cedure may further improve visualization. 

  Clinical data : In the analysis of 623 renal biopsies 
guided by real-time ultrasound, the effectiveness 

  Fig. 14.4    Transverse view of the right kidney. ( a ) Liver 
( b ) right kidney ( c ) percutaneous needle ( d ) collecting 
system ( e ) stone       
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was 97.6% with 110 complications. Fourteen 
(2.24%) were major complications (Clavien  ³ 3): 
9 cases of renal hematoma, 2 cases with macro-
scopic hematuria (which required blood transfusion), 
1 case of intestinal perforation (which required 
exploratory laparotomy), 1 nephrectomy, and 1 
case of a dissecting hematoma. The author concluded 
that the risk factors for developing major com-
plications were the following: diastolic blood 
pressure  ³ 90 mmHg, RR 7.6 (95% CI 1.35–43); 
platelet count  £ 120 × 103/ m L; RR 7.0 (95% CI 
1.9–26.2); and blood urea nitrogen (BUN) 
 ³ 60 mg/dL, RR 9.27 (95% CI 2.8–30.7)  [  15  ] .  

   Laparoscopic Ablative and Partial 
Nephrectomy 

 Historically, radical nephrectomy has been the 
treatment of choice for patients with renal masses, 
but our understanding and appreciation of nephron-
sparing surgery for small renal masses  £ 4 cm (and 
more recently,  £ 7 cm in select patients) with regard 
to cancer control and preservation of renal function 
has increased dramatically in recent years  [  16–  18  ] . 
There has been a recent migration towards nephron-
sparing approaches as innovations with minimally 
invasive techniques continue  [  19  ] . The application 
of probe ablation therapies such as cryoablation 
and radio-frequency ablation, although promising, 
is currently not the treatment option of choice when 
compared to partial nephrectomy due the lack of 
long-term outcome data. Although percutaneous 
approach of the kidney for ablative procedures is 
feasible, the preferred imaging modality used to 
treat the renal masses by interventional radiologists 
has been CT scan. However amongst urologists, a 
laparoscopic approach using ultrasonography is 
more commonly implemented. Therefore, we will 
describe the use of laparoscopic ultrasonography 
for these procedures. 

 In the early 1990s, cryotherapy was reintro-
duced for the treatment of prostate cancer after 
study in animals and human trials in the 1970s 
and 1980s. On the basis of these experimental and 
clinical studies, an optimal drop in temperature of 
−40 °C is required to achieve total cell death  [  20  ] . 
Although many theories were suggested for the 

underlying mechanism of the cryoablative tissue 
effect, the vascular component of initial vasocon-
striction followed by reperfusion injury (increased 
capillary permeability) triggered by the thawing 
phase is considered to be the primary mechanism 
of tissue damage. However, intracellular crystal-
lization and  subsequent water shifting during the 
thawing phase also contribute signi fi cantly to the 
 rupture of the cell membrane and irreversible cel-
lular death  [  21  ] . 

  Ultrasound probe : Laparoscopic renal ultra-
sound will often be performed with a 6–10-MHz 
linear array transducer. Endoluminal probes of 
10–12 MHz may be used for transureteral evalu-
ations. The 7.5-MHz  fl exible side-viewing 
 laparoscopic transducer offers distinct capability 
to contour the organ. The rigid 7.5-MHz  linear 
side-viewing laparoscopic transducer is easier to 
operate and is preferred by surgeons. Both types 
of transducers use a 10-mm laparoscopic port for 
introduction to the abdominal cavity (Fig.  14.5 ).  

  Technique : LUS imaging and orientation may not 
be intuitive and easy to understand the exact posi-
tion of the lesion or particular regions of the tar-
get. The universal orientation left/cephalad also 
applies to LUS, but prior to the scan one should 

  Fig. 14.5    Laparoscopic ultrasonic probe placement 
through a 10-mm trocar       
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tip the end of the LUS to visualize the left side of 
the monitor and run along the crystals of the probe 
to translate the images of the US with the location 
in the monitor. For example, if only the tip of the 
LUS probe is touching the lesion, the image will 
be displayed only on the right side of the monitor. 
As the probe travels from the tip to the base of the 
probe, the image will be displayed in the entirety 
of the monitor (Fig.  14.6 ).  

 Indications for ultrasound-guided ablative 
therapy include small tumors ( £ 4 cm in diam-
eter), older age, higher-risk patient, solitary 
kidney, and surgically scarred abdomen. Larger 
tumors and proximity to hilar vessels may be 
relative contraindications to ablative kidney 
surgery. 

 The size and optimal port placement are piv-
otal for LUS evaluation of renal lesions. The port 
size must be at least 10 mm. Generally, the poste-
rior lesions are more challenging to be scanned. 
Either right or left side upper pole posterior 
lesions are best evaluated through an ipsilateral 
midclavicular or subxiphoid port. Anterior lesions 
can be evaluated almost through any port posi-
tion. For a renal lesion biopsy and ablation, the 
needle or ablation probes are passed percutane-
ously through the abdominal wall. In general, 
multiple core biopsies (between 3 and 5) are 
taken with a 14- or 18-gauge needle under visual 
and ultrasonic guidance. Equally, the “rocking” 
maneuver allows the identi fi cation of the hyper-
echoic needle/probes and visualization of ablated 
tissue (Fig.  14.7 ).  

  Clinical data : A cryosystem consisting of argon 
(freezing phase) and helium (thawing phase) 
gases (Joule-Thomson effect) was used. Ultrasonic 
evaluation of the kidney should reveal suspect 
lesions. Simple cysts are generally spherical or 
ovoid, lack internal echoes, have a smooth, thin 
wall, and should show enhancement of the poste-
rior wall indicating the presence of water. Lesions 
of suspect nature can include those with multiple 
septae, calci fi cations, or    heterogeneous appear-
ance that differentiates the lesion from healthy 
renal parenchyma  [  22  ] . The cryoneedles are 
introduced under real-time ultrasound guidance 
and will appear as hyperechoic structures with 
resultant shadowing. The borders of the ice ball 
can be readily identi fi ed on ultrasound as a 
hyperechoic rim (Fig.  14.8 ) which is generated 
by the interface between frozen and unfrozen 
tissues. The ice ball should be extended 1 cm 
beyond the visible border of treated lesions 
circumferentially to ensure negative margins. 
When thawed, the lesion will continue to remain 
hyperechoic compared with the surrounding 
kidney parenchyma  [  23  ] . All lesions should 
undergo two cycles of freezing and thawing.    

   The Adrenal Gland    

 Ultrasonography of the adrenal gland is techni-
cally dif fi cult and is better evaluated by other 
imaging studies, i.e., CT scan and MRI  [  24  ] . 
LUS is a valuable adjunct to laparoscopic 

  Fig. 14.6       Picture-in-picture of laparoscopic US during partial nephrectomy evaluates tumor size and depth to ascertain 
safe surgical margins. (a) lateral aspect of the renal tumor (b) medial aspect of the renal tumor       
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adrenalectomy facilitating tumor localization 
and identi fi cation of adjacent structures to 
direct the dissection particularly for partial 
adrenalectomies. Although large lesions on 

either side are easily identi fi ed, laparoscopic 
US may facilitate identi fi cation of small tumors 
in obese patients and right-sided lesions that 
are usually partially retrocaval. 

  Fig. 14.7    Using the skiing technique across renal mass. 
The universal orientation of the laparoscopic probe is as 
follows: tip of the transducer is left and cephalad; therefore 
in ( a ) the distal end of the probe will demonstrate the 
adrenal mass on the right side of the monitor. When the 

transducer allows larger surface area contact, the image will 
show in the monitor ( b ) until only the base of the trans-
ducer is touching the adrenal mass and displaying the image 
on the left corner of the monitor ( c ) proximal end will demon-
strate the adrenal mass on the left side of the monitor          

  Fig. 14.8    Hyperechoic rim represents the outer layer of the ice ball. The homogeneous hypoechoic image is the ice 
ball that can be appreciated as the probes move towards the normal renal parenchyma       
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  Ultrasound probe : Although the  fl exible side-
viewing 7.5-MHz rigid laparoscopic transducer 
offers distinct capability to contour the organ, 
often surgeons  fi nd the rigid, linear side-viewing 
transducer the simplest and most convenient to 
use in adrenal surgery. 

  Technique : In the transabdominal technique, the 
patient is placed in the modi fi ed  fl ank position 
with 3–4 trocars inserted subcostally on the right 
and three trocars on the left, on an axis between 
the midclavicular and the midaxillary lines. After 
the dissection along the gutter to deviate the liver 
or the spleen medially to expose the suprarenal 
retroperitoneum, the laparoscopic transducer is 
inserted through the 10- or 12-mm port on the 
anterior axillary line or subxiphoid port. If the 
adrenal gland has not been identi fi ed, the upper 
pole of the kidney should be scanned demonstrat-
ing characteristic appearance of its parenchyma 
with the cortex and the collecting system. Then 
the transducer is advanced cephalad in the longi-
tudinal plane until the adrenal gland is identi fi ed. 
Large tumors are easily identi fi ed and the value 
of intraoperative sonography in these cases is in 
elucidating their relationship with the kidney, 
aorta, spleen, and the tail of the pancreas on the 
left and the kidney, inferior vena cava, and the 
liver on the right side, respectively. The use of 
 fl ow color Doppler also helps to identify the aorta 
and the inferior vena cava. Nonsecreting and 
secreting adenomas have a similar ultrasono-

graphic appearance. They are usually less than 
3 cm and have a very low echodensity. They 
sometimes contain cystic and calci fi ed areas. 
Pheochromocytomas may appear as solid or cys-
tic or may have both solid and cystic components. 
Hypoechoic areas represent necrosis and hyper-
echoic areas indicate hemorrhage. The ultrasound 
appearance of adrenal hyperplasia is of smooth 
enlargement with a normal echo pattern. Adrenal 
cortical carcinoma of 3–6 cm shows a homoge-
neous echo pattern similar to renal cortical tissue. 
Larger lesions vary in ultrasonographic appear-
ance, having a heterogeneous appearance with 
focal or scattered hypoechoic or hyperechoic 
zones representing areas of tumor necrosis, hem-
orrhage, or, rarely, calci fi cation. Metastatic adre-
nal tumors usually have an ovoid shape and 
variable echogenicity (Fig.  14.9 ). Adrenal cysts 
appear as anechoic masses with enhanced poste-
rior sound transmission, whereas myelolipomas 
are highly echogenic because of their fat content. 
Although the use of LUS facilitates tumor evalu-
ation and identi fi cation of adjacent structures, 
especially large vessels, in cases or pheochromo-
cytoma and adrenal cortical carcinomas, com-
pression of the adrenal gland may have very 
harmful effects either triggering catecholamine 
release or rupture of the malignant tumor causing 
spread of cancer.  

  Clinical experience : Contrast-enhanced ultra-
sonography has been employed in Europe and 

  Fig. 14.9    An adrenal gland with ovarian metastasis. Gross anatomy with internal calci fi cations identi fi ed during 
laparoscopic adrenalectomy and use of LUS       
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other countries to evaluate hypervascularity and 
correlate with malignancy. Hijioka et al. reported 
their experience on contrast-enhanced endo-
scopic ultrasonography (CE-EUS) to identify 
adrenal mass hypervascular lesions and perform 
EUS-guided  fi ne needle aspiration (EUS-FNA). 
They concluded that this imaging modality can 
assist in the diagnosis of metastatic lesions, i.e., 
clear cell carcinoma leading to adrenalectomy 
and con fi rmation of metastatic clear cell carci-
noma of the kidney  [  25  ] . Additional reports of 
ultrasound and/or CT scan-guided percutaneous 
cryoablation of adrenal masses have shown 
encouraging cost-effective outcomes. This pro-
cedure was associated with very low morbidity 
and local tumor recurrence rates and increased 
overall survival. Even as an adjunct to systemic 
therapies, it seems that percutaneous cryoabla-
tion of adrenal masses appeared cost-effective 
for palliation  [  26  ] .  

   The Bladder 

   Suprapubic Tube Placement 
or Suprapubic Aspiration 

 Aspiration or trocar suprapubic tube placement 
(SPT) or “punch” suprapubic tube, as they are 
commonly referred, can offer quick drainage of 
the urinary bladder. The clinical scenario that 
necessitate SPT placement is the inability of the 
patient to void (posterior urethral disruption, ure-
thral stricture) or when invasive urethral proce-
dure may trigger sepsis (acute prostatitis) or 
autonomic dysre fl exia (spinal cord injury patients) 
 [  27,   28  ] . The primary risk associated with this 
technique is perforation of bowel overlying the 
urinary bladder and open SPT approach must be 
applied in these patients. 

  Ultrasound probe : The use of curved-array 3.5–5-
MHz probes with or without color Doppler pro-
vides good visualization and allows attachments 
that can display the path of the introducing needle 
towards the bladder. In the absence of this type of 
probe a linear array can be used to rule out bowel 
interposition between the skin and the bladder. 

  Technique : For ultrasound-guided trocar (SPT) 
placement or aspiration, the urologist should 
inquire the past surgical history of the patient, as 
prior abdominal operations could signify 
increased risk for bowel overlying the urinary 
bladder. On exam, the patient should have a dis-
tended bladder prior to the procedure and no 
scars that include the lower abdomen. Typical 
ultrasonography  fi ndings should include a variable-
thickness bladder wall and dark homogeneous 
 fl uid content representing urine. One may survey 
the infraumbilical area and detect bowel contents 
represented by dark dynamic shadowing images 
representing peristalsis with gas content or any 
intervening tissue planes or heterogeneous echo-
genicity between the abdominal wall and urinary 
bladder. Presence of large blood clots also inter-
feres with the hypoechoic characteristic of a full 
bladder. Further ruptured bladders will be dif fi cult 
visualizing since the bladder may be empty. 
“Rocking” of the US probe will verify needle and 
catheter placement in a full bladder, and immedi-
ate urine drainage should be observed after initial 
puncture. The US probe follows the universal 
left/cephalad position and it should be positioned 
approximately three  fi ngerbreadths above the 
pubic bone allowing the SPT needle to be placed 
between the US probe and the pubic bone 
(Fig.  14.10 ).  

 However some cases may require exploratory 
laparotomy, thus allowing for direct visual place-
ment of suprapubic cystotomy tube. In instances 
where surgery is not needed, however, percuta-
neous SPT may be desirable. Trocar SPT or 
“punch” suprapubic tube, as they are commonly 
referred, can offer quick drainage of the urinary 
bladder. The primary risk associated with place-
ment is perforation of bowel overlying the uri-
nary bladder. While blind techniques have 
certainly been described in the past, modern 
access to ultrasonography can assist the urolo-
gist in an outpatient, operative, or emergency 
room setting in mitigating risk. Alternatives to 
straight ultrasound-guided placement include 
optional cystoscopic visualization and the previ-
ously mentioned open  cystotomy and SPT. 

 For ultrasound-guided trocar SPT, the urolo-
gist or proceduralist should inquire as to the 
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patient’s past surgical history, as prior abdominal 
operations could signify increased risk for adhe-
sions, particularly with respect to bowel overlying 
the urinary bladder. On exam, the patient should 
have a distended bladder prior to beginning the 
procedure. Typical ultrasonography  fi ndings 
should include a variable-thickness abdominal 
wall and dark,  fl uid- fi lled urinary bladder. 

  Clinical data : A total of 140 pediatric patients 
less than 2 years old that required suprapubic 
aspiration (SPA) were randomized to either an 
ultrasound-guided or ultrasound-unguided (con-
trol) protocol. The aspirations under ultrasound 
guidance were performed under ultrasound 
examination during insertion of the needle. SPA 
had an overall success rate in 90% of attempts 
(63/70) in the ultrasound-guidance group com-
pared with 64% (45/70) in the no-ultrasound 
group ( p  < 0.05). There were fewer passes 
made in those patients who had the procedure 
done under ultrasound guidance ( p  < 0.05). 
Ozkan et al. demonstrated the use of ultra-
sonography as an assistant tool for SPA in cen-
ters where portable ultrasound guidance is 
available, in particular, for infants more than 
1 month old  [  29  ] . There are several clinical 
 scenarios for SPT including traumatic injury 
(posterior urethral disruption, intraperitoneal 
bladder perforation), short-term use for neuro-
genic bladder, and urinary retention (as in 
 setting of stricture or other bladder outlet 
obstruction)  [  27,   28  ] .   

   The Prostate 

   Transrectal Ultrasound 

 The advent of US technology has improved visu-
alization, and 3D reconstruction of the prostate 
via transrectal US is under development. The 
transrectal probes are slimmer and offer a real-
time simultaneous sagittal and transverse view of 
the prostate. Moreover, the prostate can be visu-
alized by either a suprapubic or transrectal 
approach. The former does not offer complete 
evaluation of the prostate but may assist to de fi ne 
the presence of an intravesical prostate. We have 
recently demonstrated the correlation of US ana-
tomical  fi ndings and comparative cadaveric anat-
omy of the external urethral sphincter. The 
rhabdosphincter can be appreciated in the US 
images as a hyperechoic triangle at the apex of 
the prostate (Fig.  14.11 ), and the cadaveric mod-
els demonstrated a signi fi cant amount of muscle 
 fi bers overlapping the prostatic apex  [  30  ] .  

  Ultrasound probe : A biplane or end- fi re transrec-
tal ultrasound probe with frequency range of 
6.0–9.0 MHz should be used to evaluate the pros-
tate and surrounding structures. Prostate size and 
morphology may also be evaluated using a trans-
abdominal approach with a curved linear array 
probe. The transrectal probe should be able to 
accommodate a needle guide for transrectal ultra-
sound-guided biopsy. The needle guide may be a 
single-use or a reusable device. 

  Fig. 14.10       ( a ) Placement of a suprapubic catheter. ( b ) The clear visualization of the full bladder demonstrates no 
interposing bowel       
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  Technique : For optimal evaluation during tran-
srectal ultrasound imaging, one must prepare the 
patient, giving instructions to clean the rectal 
vault. Presence of stool and gas compromises 
visualization. Fleet enema is recommended the 
night prior and the morning of the study. Slow 
introduction of the transrectal probe with lubrica-
tion in the rectum should be performed by gentle 
rotation and forward movement until the prostate 
is visualized. When a stepper is used, one may 
verify the correct model to use with different 
probes. Different techniques will be dependent 
on patient’s position from lateral decubitus to 
lithotomy. The surgeon has to adjust and stan-
dardize images to transverse and sagittal views.  

   Transperineal Prostate Biopsies 

 The transperineal needle biopsy of the prostate is 
popular in Europe more than in the United States. 
While transperineal needle biopsy of the prostate 
was described as early as 1963, a grid-based, sys-
tematic, ultrasound-guided approach was not 
described until 2001 by Igal et al. Present biop-
sies involve the simultaneous use of image guid-
ance via transrectal ultrasound with systematic 
sampling by either the standard sextant or whole 

gland mapping biopsies  [  31,   32  ] . Moreover, 
Barzell et al. describe extended biopsy technique 
with transrectal ultrasonography as an option for 
men with low-volume, low-grade, histologically 
proven prostate cancer who may be considering 
experimental targeted focal therapy. Prior to 
biopsy, the patient should undergo TRUS mea-
surements of the prostate to ensure that the gland 
is not too large (<65 cm 3 ) and is not obstructed by 
the pubic arch. If the gland is too large or perineal 
access is partially obstructed, the patient can be 
started on 5 a -reductase inhibitors and reevalu-
ated every 3 months until the prostate is fully 
accessible. The procedure is generally performed 
in the clinic under local anesthesia with the 
patient in high lithotomy and use of a standard 
5-mm interval brachytherapy perineal grid and a 
standard 18-gauge prostate needle biopsy gun. 
Five mm was determined to be the optimal grid 
size to ensure very few lesions are missed  [  33  ] . 
Cross-sectional ultrasound images are captured 
using a standard transrectal ultrasound probe, and 
these images are used to reconstruct the prostate 
in three dimensions by denoting borders of the 
gland. During the procedure, the urologist should 
note position of the urethra to avoid perforation 
with the biopsy gun. Care must be taken to ensure 
complete gland coverage by taking deeper (base) 
and shallow (apex) passes at the same grid posi-
tion, as the length of the gland may be longer 
than a single pass of a standard 18-gauge biopsy 
needle. Each biopsy is labeled with  x – y – z  coordi-
nates and placed in separate jars for histological 
analysis. Specialized software can then be used 
to combine pathology results (i.e., cancerous 
foci) with 3D model of the prostate generated 
from transrectal ultrasound images.  

   Cryotherapy 

 Cryotherapy was  fi rst proposed and used as a 
treatment for cancer in the nineteenth century. 
Using a combination of salt and ice applied to 
cervical and breast tumors, patients experienced 
less pain and decreased tumor size. Ultimately, 
conversion of air (oxygen and nitrogen) to their 
liquid forms and the ability to store them in adequate 

  Fig. 14.11    Measurement of prostatic urethral length 
from the bladder neck to the prostate apex. The external 
sphincter is highlighted in  red , the bladder neck in  white , 
and the rectal wall in  green        
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quantities for regular use brought about a resur-
gence in use in the early twentieth century. The 
 fi rst cryoprobe was built by Cooper and Lee in 
1961 and circulated liquid nitrogen, allowing 
them to freeze tissues that were in contact with 
the probe, and the  fi rst use in the prostate was in 
1964  [  34  ] . The advent of ultrasound as a monitor-
ing tool made cryotherapy as an ablative tool 
more attractive for the treatment of prostate can-
cer. The AUA recognized cryotherapy for local-
ized prostate cancer as a standard treatment 
option in 1996. Current devices are labeled third 
generation and use urethral warmers, a combina-
tion of argon (cooling) and helium (warming) 
gases taking advantage of the Joule-Thomson 
effect, and TRUS guidance. 

  Technique : With the patient in exaggerated lith-
otomy position, a brachytherapy template guide 
is placed on the perineum. A multifrequency 
biplanar transrectal ultrasound probe on a step-
per is used for visualization of the prostate, ure-
thra, bladder neck, and rectum. Temperature 
monitors are placed near Denonvilliers’ fascia, 
external urinary sphincter, and neurovascular 
bundles, to monitor for appropriate level of 
freezing and avoid of thermal damage to these 
sensitive structures. Current recommendations 
state that temperature of these structures should 
remain above 15 °C. Cryoneedles are inserted 
under TRUS visualization into the grid to 
encompass either the entire gland or, in cases 
where focal therapy is desired, in the area of 
concern, identi fi ed by prior transperineal map-
ping biopsies (Fig.  14.12 ). Lastly, the urethral 
warmer is placed under cystoscopic guidance. 
For full-gland treatment, 2–4 mm of peripros-
tatic tissues should be included in the treatment 
zone to ensure adequate cancer control. At the 
time of cystoscopy, the urethra is inspected for 
possible perforation of the needles or thermo-
couples, so that they can be moved prior to start-
ing the freezing cycles. Freezing is carried out 
in an anterior-to-posterior direction to maintain 
TRUS visibility down to −40 °C for two freeze–
thaw cycles. Visual guidance with ultrasound, 
though, has limitations that should be acknowl-
edged prior to use  [  35,   36  ] . Ultrasound imaging 

cannot capture tissue temperature information 
during the procedure and changes visible in 
these images do not reliably correspond to 
speci fi c temperature regions. Therefore, the 
temperature probes are placed before the cryo-
probes. The identi fi cation of the external urinary 
sphincter must be well recognized by the sur-
geon to ensure proper probe placement to pre-
vent urinary incontinence due to sphincter 
damage. We described the US  fi ndings and cor-
related with the studies in human cadaveric 
external urethral sphincter. The hyperechoic tri-
angle distal to the apex of the prostate is the 
rhabdosphincter that has an important segment 
in the prostatic apex. The sphincter can be well 
demonstrated by pressing with the thumb over 
the base of the scrotum under the pubic arch 
 [  30  ] . Constant changes of views from sagittal to 
transverse and vice versa are required to evalu-
ate the real-time progression of the ice ball to 
prevent rectal and urinary sphincter injury. The 
typical cryolesion is described as a well-margin-
ated, hyperechoic rim with acoustic shadowing 
in the middle (Fig.  14.13 ). This hyperechoic rim 
obstructs the leading edge of frozen tissue, 
obscuring the true extent of affected area. Color 
Doppler may be useful to monitor blood  fl ow 
around the rectum; however, this is not thought 
to be an objective monitoring tool. Complete 
thaw of the ice ball allows the visualization of 
the prostate as the beginning of the procedure.    

  Fig. 14.12    Hyperechoic cryoablation needle ( N ) is 
observed and the distance to the prostate capsule may be 
measured. Additional left prostate stone ( S ) is visualized 
as well as the Foley catheter in the urethra ( U )       
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   Brachytherapy 

 Brachytherapy, or the placement of radioactive 
materials or seeds within the prostate, was  fi rst 
suggested by Alexander Graham Bell in 1908 
 [  37–  40  ] . Introduction of transrectal ultrasound-
guided imaging offered the possibility of uni-

form distribution of the radioactive seeds for 
either permanent low-dose therapy (iodine-125, 
palladium-103) or temporary high-dose therapy 
(iridium-192) deposited into the prostate gland 
through a perineal template grid  [  41–  43  ] . The 
introduction of image guidance also ensures 
seeds are not placed in close proximity to the 
urethra, nerves, or rectum, limiting side effects 
like lower urinary tract symptoms, erectile dys-
function, and fecal urgency. Ultrasound imag-
ing  during or at time of seed placement will 
generally reveal the hyperechoic needle and 
resultant  shadowing. Similarly, seeds appear as 
small hyperechoic points. Assuring adequate 
dosimetry through appropriate placement of 
seeds remains paramount and has been shown 
to highly operator-dependent. However, com-
puter-based planning systems coupled with 
TRUS imaging has allowed for precise and pre-
dictable seed placement that is reproducible 
(Fig.  14.14 )  [  44  ] . Intraoperative preplanning 
replaces the need for an of fi ce visit with a plan-
ning session just prior to implantation in the 
operating room  [  45  ] . Because the exact number 

  Fig. 14.13    Hyperechoic rim features of the external 
aspect of the ice ball during cryoablation of the prostate 
and the hypoechoic lesion representing the ice ball       

  Fig. 14.14    Brachytherapy planning grid with positions of the brachy seeds. Seeds are visualized as hyperechoic objects       
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of required seeds is unknown prior to entering 
the OR, an approximate number are ordered 
according to a nomogram of gland volume 
derived from prior TRUS (at time of prostate 
biopsy) or CT. Biplanar TRUS imaging is per-
formed in the exaggerated lithotomy position in 
the operating room and is fed to the treatment 
planning system. Transperineal implantation is 
then performed according to this plan.    Biplanar 
TRUS imaging via US probe on a stepper is 
used to guide the needles throughout the proce-
dure with con fi rmation of placement via 
 fl uoroscopy, since TRUS routinely cannot visu-
alize anywhere from 2 to 45% of seeds during 
or after placement  [  46  ] . There are newer tech-
nologies that are under investigation looking at 
TRUS- fl uoroscopy fusion imaging to verify 
seed placement and accurately verify dosimetry 
results during brachytherapy.   

   High-Intensity Focused Ultrasound 

 High-intensity focused ultrasound (HIFU) was 
 fi rst used over 15 years ago for the treatment of 
benign prostatic hypertrophy, and subsequently 
in 1996, Gelet et al. used this new technology for 
the treatment of patients with localized, low-
grade adenocarcinoma of the prostate  [  47,   48  ] . 
HIFU is one such technique that can be used to 
focally ablate cancerous lesions using ultrasound 
energy to cause mechanical and thermal injury to 
the targeted tissue. HIFU, when used for the 
treatment of localized prostate cancer, uses a 
multifrequency ultrasound transducer placed in 
the rectum to generate acoustical energy that is 
focused on the tissue target, creating high tem-
peratures and irreversible coagulative necrosis. 
HIFU utilizes a “trackless” principle, whereby 
tissue outside the focal plane is not damaged; the 
transrectal probe sits on the rectal mucosa and 
sends acoustical energy through the intervening 
tissues, only heating the tissue volume targeted 
by the probe  [  49  ] . The probe is repositioned 
mechanically as needed to target the prostate in 
its entirety. HIFU is performed with the patient 
placed under spinal or general anesthesia with 
prostate volumes greater than 40 cm 3   [  50  ] . 

(Notably, study protocols of US trials do not permit 
the use of TURP prior to HIFU.) The prostate is 
visualized using real-time diagnostic images 
generated by the probe using lower, nondestruc-
tive acoustical energies (0.1–100 mW/cm 2 ). 
Once the target areas are identi fi ed, the prostate 
tissue is ablated with high energies (1,300–
2,200 W/cm 2 ) focused in a small 1–3-mm-wide 
by 5–26-mm-long focal plane. Each pulse heats 
the tissue to 80–98 °C over a 3-s period. The 
gland is revisualized with lower ultrasound ener-
gies between ablative pulses. The probe is then 
moved and rotated in a semi-automated manner 
(device-dependent) using lower-energy diagnostic 
images to target adjacent prostate tissue. The end 
goal is to create overlapping lesions until the 
whole gland is treated. HIFU destroys target tis-
sue through the thermal and mechanical effects 
of nonionizing, acoustical radiation (i.e., sound 
waves) delivered to target tissues after focusing 
by an acoustic lens, bowl-shaped transducer, or 
electronic phased array.    Although not shown, the 
ablated area will become hyperechoic on lower-
energy imaging. Because HIFU utilizes nonion-
izing radiation, it can be repeated one or more times 
during multiple sessions. The thermal effects are 
achieved by heating tissues to 60°C or higher, 
resulting in near-instantaneous coagulative necro-
sis and cell death  [  51  ] . By focusing the energy, 
more destruction occurs within the focal plane, 
but tissues outside the target area are spared of 
damage as energy intensities are far lower.  

   Laparoscopic Radical Prostatectomy 

 Ukimura, Gill, and colleagues recently described 
the use of real-time TRUS imaging of the pros-
tate during laparoscopic prostatectomy, allowing 
for visualization of key structures such as the 
neurovascular bundles, bladder neck, and apex of 
the prostate, thus aiding in dissection  [  52  ] . 

 Their report on intraoperative use of TRUS 
imaging for 25 consecutive patients notes the use 
of high-frequency 2D ultrasound imaging, power 
Doppler imaging, and 3D ultrasound imaging to 
aid in the identi fi cation of these key structures. In 
particular, the authors note that intraoperative use 
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of ultrasound aided in three primary aspects of 
the laparoscopic prostatectomy. Ultrasound aided 
in identi fi cation of the correct plane between the 
posterior bladder neck and base of the prostate, 
thus allowing for laparoscopic visualization of 
seminal vesicles and vasa deferentia. Secondly, 
the authors described the ability to identify the 
distal protrusion of the prostate apex posterior to 
the membranous urethra in dif fi cult cases, thus 
enhancing apical dissection to ensure negative 
margins. Finally, the authors note that intraopera-
tive ultrasound offered the ability to identify 
hypoechoic nodules abutting the prostate capsule, 
allowing the surgeon to perform a wide dissec-
tion around these locations.   

   The Testis 

 Traditionally, patients with palpable or suspi-
cious testicular masses would undergo radical 
orchiectomy, but investigators began to explore 
partial orchiectomy after intraoperative biopsy to 
con fi rm a lesion as benign or malignant, thus pre-
serving testicular function in those where radical 
surgery is deemed unnecessary. Two recently 
published series show that the most common type 
of testicular tumor in prepubertal children is tera-
toma, a benign germ cell tumor (GCT). 

  Ultrasound probe : A high-frequency broadband 
linear transducer (4–12 MHz) can perform both 
power and spectral Doppler ultrasonography. 
Imaging of the scrotum, penis, and urethra is per-
formed with a 7–12-MHz linear array transducer. 
The length of the transducer may vary from 4 to 
8 cm. Equipment with Doppler capabilities is 
required for demonstrating blood  fl ow in the 
evaluation of testicular torsion. 

  Technique : Technique and ultrasound probe for 
testis evaluation is described in detail in an earlier 
chapter. The linear array US is used intraoperatively 
after the testis is delivered via inguinal approach 
if malignancy is suspected. The cord is temporar-
ily clamped and the testicle may be placed on ice 
(to minimize ischemia reperfusion injury) while 
the evaluation of the lesion is done. The goal is to 

delineate and determine respectability of the 
abnormal mass (hypoechoic/hyperechoic lesion 
compared to healthy parenchyma) (Fig.  14.15 ) 
that can be round or irregular and intratesticular. 
Dissection through the tunica albuginea and enu-
cleation of the lesion with 2–5-mm margins 
should be carried out. The lesion should be sent 
for frozen section analysis by surgical pathology, 
and a determination of whether radical or partial 
orchiectomy is appropriately made. In the case of 
benign pathology, the tunica should be inspected 
for hemostasis and the incision closed. Finally, 
ultrasound may be used to inspect the affected 
area to ensure adequate resection of the lesion.  

  Clinical data : Organ-sparing approaches gener-
ally remain an option for a highly selected group 
of patients with testicular GCT only—men with 
bilateral testicular cancer or GCT in a solitary 
testis. Partial orchiectomy should be performed 
in such patients if the size and location of the 
mass are amenable to surgery. Partial orchiec-
tomy of GCT provides a number of potential 
bene fi ts over radical surgery: reduced need for 
androgen substitution, less psychological stress, 
preservation of fertility, and a durable cure rate. 
Partial orchiectomy of benign testicular lesions 
reduces the proportion of patients who are over-
treated with radical orchiectomy. CIS detected in 
the testes remaining after partial orchiectomy 
can be treated with radiation therapy. Up to 40% 

  Fig. 14.15     Blue arrow  depicts heterogeneous hyper-
echoic lesion of intratesticular mass (non-seminomatous 
germ cell tumor) with calci fi cation       
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of patients will need hormonal replacement after 
this treatment. It should be emphasized that 
bilateral orchiectomy remains the best chance of 
cure in men with a solitary testis but comes at the 
cost of morbidity. Men should only undergo par-
tial orchiectomy if one is certain that the lesion is 
benign. In this regard, size is important as masses 
larger than 2 cm in diameter are extremely suspi-
cious for malignancy. Also, the lack of blood 
 fl ow, serial growth, risk factors for GCT, and 
being impalpable all favor this approach  [  53  ] .  

   The Renal Pelvis and Ureters 

   Stent Placement During Pregnancy 
and Patients in the ICU 

 Urolithiasis during pregnancy remains relatively 
common, affecting about 1 in 200 pregnancies 
 [  54  ] . While a majority of stones can be success-
fully managed conservatively with hydration, 
pain control, and antibiotics if necessary (70–
80% will pass spontaneously owing mostly to 
physiologic dilatation of the ureters during preg-
nancy), the rest may require urologic interven-
tion. Intravenous hydration may be necessary in 
cases of prolonged nausea and vomiting, and pain 
control should consist of acetaminophen with 
narcotic. Nonsteroidal anti-in fl ammatory medi-
cations should be avoided as they interfere with 
prostaglandin synthesis, which is required to 
maintain a patent ductus arteriosus until birth. In 
a portion of cases, renal colic and not urolithiasis 
may be the underlying cause of pain and neces-
sitate urologic intervention  [  55  ] . Stent placement 
remains the most common of modern urologic 
interventions with various types of lithotripsy or 
PCN comprising the remainder. The urologist 
should note that stones and intervention may each 
increase the risk of preterm premature rupture of 
membranes and preterm labor. Minimally inva-
sive techniques for managing patients who fail 
conservative treatment fall into two categories: 
temporary urinary drainage for obstructed uri-
nary systems and procedures that facilitate stone 
removal. Stent placement has been performed 
using ultrasound guidance negating the need for 

ionizing radiation from intraoperative  fl uoroscopy 
and the concomitant risk to a fetus, particularly 
during the  fi rst trimester. When deciding on 
appropriate intervention for stones, diversion is 
usually recommended for stones that reside prox-
imally in the collecting system  [  56  ] . Additionally, 
in cases of infected hydronephrosis or urosepsis, 
diversion is the mainstay of treatment. Cystoscopy 
for retrograde placement or PCN for antegrade 
placement of stents can be performed under local 
or regional anesthesia, thus minimizing the risk 
to the mother and fetus. Ureteral stents are placed 
at the time of cystoscopy, and ultrasound has 
been described as a valid tool for image guidance 
and con fi rmation of  fi nal stent position within the 
renal pelvis and bladder. Stent placement has 
been performed using ultrasound guidance negat-
ing the need for ionizing radiation from intraop-
erative  fl uoroscopy and the concomitant risk to a 
fetus, particularly during the  fi rst trimester. 

  Ultrasound probe : The use of a curved-array 3.5–
5-MHz probe with or without color Doppler pro-
vides good visualization of the hydronephrosis 
calyx and or stone. 

  Technique : The technique, ultrasound probe, 
and limitations are similar to any renal ultra-
sound evaluation, with the special attention to 
the well-being of two instead of one patient. 
Fetal monitoring must be performed during the 
procedure with the assistance of the obstetric 
team. On renal ultrasound, stents appear as 
hyperechoic structures, and  fi nal placement with 
curls in the renal pelvis and bladder can be eas-
ily visualized as the cystoscope operator intro-
duces and advances the ureteral stent up to the 
kidney. Additionally, one can evaluate the ure-
teral ori fi ces with Doppler ultrasound of the 
bladder to con fi rm the presence of ureteral jets. 
Visualization of ureteral jets is an acceptable 
method of con fi rming the patency of the urinary 
tract. Patient can be awake or lightly sedated for 
the procedure with the assistance of the anesthe-
siologist and obstetric team to monitor the fetus. 
While one operator performs the cystoscopy, the 
radiologist or a second surgeon should perform 
the renal ultrasonography. The sonographer will 
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detect the hydronephrotic kidney and visualize 
the guide wire and stent placement real time 
(Fig.  14.16 ). Patients that are extremely unstable 
with septic shock due to impacted stone may 
have a stent placement using  fl exible cystoscopy 
and US guidance. In this case a single-J ureteral 
stent is preferable due to the stiffness and easier 
manipulation. Notably, stents should be changed 
every 4–6 weeks during pregnancy, as there is 
an increased propensity during pregnancy for 
stents to encrust.  

  Clinical data : One series of 300 pregnant women 
with renal colic, of whom 44 ultimately underwent 
ureteral stenting for symptomatic control or urinary 
obstruction, showed that stents placed during the 
second trimester were tolerated more (13/15 or 
86.7%) as compared to those placed during the 
third trimester (14/26 or 53.8%)  [  55  ] .    Our unpub-
lished series includes  fi ve patients requiring ure-
teral stent placement in the intensive care unit. 
Three patients had a right-sided upper tract 
impacted stones, and two were left-sided (distal 
and mid ureter) stones. All patients were intubated 
and unstable. The use to  fl exible cystoscopy and 
single-J ureteral stents allowed prompt drainage of 
purulent urine and resolution of the septic shock. 
Placement of the left stents was more challenging 
due to the inability to move the patient to different 
positions and due to their high body mass index, 
but visualization of stent and  fl ow during collection 

of intrarenal urine for culture was identi fi ed by 
color Doppler US. Moreover, the single-J stent 
allows repositioning that can be veri fi ed with sim-
ple abdominal X-ray (KUB).   

   Conclusion 

 Intraoperative use of ultrasound imaging has 
become standard in many different urologic inter-
ventions. Understanding its role in urologic sur-
gery and interpreting key  fi ndings on ultrasound 
are essential to the successful use of this adjunct 
imaging technology. As newer devices, probes, 
and software are developed, we feel that use of 
ultrasound in the operating room will continue to 
expand into new areas.      
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 Index

            A 
  Abnormal anatomy, prostate gland 

 brachytherapy , 165  
 prostate abscesses , 164  
 utricular cyst , 164   

  Acute rejection , 213   
  Acute tubular necrosis (ATN) , 213   
  ADPCKD.    See  Autosomal-dominant polycystic kidney 

disease (ADPCKD)  
  Adrenal gland 

 clinical experience , 230–231  
 ultrasonography , 228  
 ultrasound probe , 230   

  AML.    See  Angiomyolipomas (AML)  
  Anesthesia, prostate biopsy , 172–173   
  Angiomyolipomas (AML) , 66, 69   
  Anterior-posterior (A-P) dimensions 

 cross-sectional measurement 
 bladder , 211  
 pregnant patient with right  fl ank pain , 207  
 renal pelvic and calyceal , 206  

 transverse , 159   
  Anterior rectocele , 148   
  ARPCKD.    See  Autosomal recessive polycystic kidney 

disease (ARPCKD)  
  Artifacts 

 acoustic shadowing , 15–16  
 description , 14  
 with Doppler ultrasound 

 aliasing , 21, 24  
 spectral Doppler , 21–22, 24  
 twinkle artifact , 20–21, 23  

 edging artifact , 16, 17  
 increased through transmission , 14–15  
 “increased thru-transmission,” 41 
 renal ultrasound 

 bowel gas , 58, 60  
 caliceal stones , 58, 59  
 edging artifact , 58, 61  
 rib shadow , 57  
 side lobe artifact , 58, 61  
 twinkle artifact  , 57–58  

 reverberation artifact , 16–17  
 twinkle artifact , 43   

  ASAP.    See  Atypical small acinar proliferation (ASAP)  

  As low as reasonably achievable (ALARA) 
principle , 30–31, 40   

  ATN.    See  Acute tubular necrosis (ATN)  
  Attenuation 

 absorption , 12  
 description , 11–12  
 diffuse re fl ector , 13, 14  
 impedance , 13–14  
 measurement , 12, 13  
 re fl ection , 13  
 refraction , 13  
 scattering , 13  
 TGC , 40  
 thermal effects , 27   

  Atypical small acinar proliferation (ASAP) , 178   
  Automated bladder scanner , 140–141   
  Autosomal-dominant polycystic kidney disease 

(ADPCKD) , 191   
  Autosomal recessive polycystic kidney disease 

(ARPCKD) , 191    

  B 
  Benign epididymal lesions 

 adenomatoid tumor , 84, 86  
 appendix epididymis and testis , 84, 85  
 epididymal cyst , 84, 85  
 epididymo-orchitis , 82–84  
 leiomyoma , 85  
 papillary cystadenoma , 85  
 spermatocele , 84, 85  
 sperm granuloma , 83–84   

  Benign lesions, testis 
 CAH , 95, 96  
 cystic lesions , 91–94  
 intratesticular abscess , 93  
 intratesticular hematoma , 93, 95  
 intratesticular varicocele , 93, 94  
 nonpalpable testis , 89  
 primary orchitis , 88, 89  
 sarcoidosis , 95  
 testicular abscess , 88–90  
 testicular macrocalci fi cation , 91  
 testicular torsion , 86–88  
 TM , 89–91   
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 Benign lesions, testis (cont.) 
  Benign prostatic hyperplasia (BPH) 

 cystic dilatation , 173–174  
 prostate cancers , 171–172   

  Bioeffects, ultrasound.    See also  Tissue heating 
 mechanical effects 

 acoustic  fi eld , 28  
 cavitation , 28–29  
 torque and streaming , 28  

 thermal effects 
 intensity , 27  
 scattering and absorption , 27  
 temporal factors , 27–28  
 testicular cyst , 28   

  Bladder 
 abnormal  fi ndings , 146  
 normal ultrasound anatomy , 145–146  
 SPT   ( see  Suprapubic tube placement (SPT))  

  Bladder neck descent (BND) , 144–145   
  BND.    See  Bladder neck descent (BND)  
  Bosniak renal cysts classi fi cation 

 Bosniak I , 61, 65  
 Bosniak II , 61, 65  
 Bosniak III , 61, 66  
 Bosniak IV , 61, 67  
 classi fi cation system , 61, 67   

  BPH.    See  Benign prostatic hyperplasia (BPH)  
  Brachytherapy , 235–236    

  C 
  CD.    See  Color Doppler (CD)  
  CEF.    See  Central echogenic focus (CEF)  
  Central echogenic focus (CEF) , 188   
  Central zone (CZ) , 160   
  Chronic rejection , 213   
  Color Doppler (CD) ultrasonography 

 modes 
 beam steering , 19, 21  
 expected velocity , 20, 23  
 radial artery , 19, 20  
 resistive index , 20, 23  
 with spectral display , 20, 22  
 velocity of motion , 19, 20  

 renal imaging , 55  
 and spectral, scrotal ultrasound , 76–77   

  Computerized tomography (CT) imaging 
 lower quadrant transplant kidney , 219  
 transplant renal stone , 219   

  Congenital adrenal hyperplasia (CAH) , 95, 96   
  Contrast agents , 24, 26   
  Corpora amylacea , 162, 163   
  Cryotherapy , 233–234   
  CT imaging.    See  Computerized tomography (CT) imaging  
  Curved-array transducer , 131   
  Cystic lesions, testis 

 epidermoid cysts , 92, 93  
 TERT , 93, 94  
 testicular cysts , 91–92  
 tunica albuginea , 92   

  CZ.    See  Central zone (CZ)   

  D 
  Detrusor wall thickness (DWT) , 145   
  Dilated distal ureter , 136   
  Doppler ultrasound 

 color and spectral, scrotum , 76–77  
 history , 3–4  
 modes 

 artifacts   ( see  Artifacts) 
 color Doppler ultrasonography , 19–21  
 Doppler effect , 18  
 frequency shift , 19  
 power Doppler ultrasonography , 19–20  

 PDU   ( see  Penile Doppler ultrasound (PDU)) 
 prostate gland , 165  
 renal imaging , 55   

  Dorsal vein thrombosis , 120–121   
  DWT.    See  Detrusor wall thickness (DWT)   

  E 
  EBRT.    See  External beam radiotherapy (EBRT)  
  ED.    See  Erectile dysfunction (ED)  
  Elastogram, prostate gland , 167–168   
  Enterocele , 148–149   
  Epididymal lesions 

 benign   ( see  Benign epididymal lesions) 
 malignant , 85–86   

  Epididymo-orchitis 
 causes , 83  
 chronic epididymitis , 83, 84  
 epididymitis , 83  
 gray-scale ultrasound , 83  
 physical exam , 82–83  
 power Doppler ultrasound , 83   

  Erectile dysfunction (ED) 
 arteriogenic , 117  
 assessment, vascular RI , 115, 116  
 corpus cavernosum (cc) , 114, 115  
 diagnostic study , 115  
 early treatment, metabolic factors , 115  
 fully erect phallus , 117, 118  
 intracavernosal injection therapy , 115–116  
 with maximal stimulation , 117, 118  
 PDU   ( see  Penile Doppler ultrasound (PDU)) 
 protocol , 119  
 treatment protocol, low- fl ow priapism , 116  
 vasculogenic , 117  
 vasoactive agents , 116  
 veno-occlusive insuf fi ciency , 117   

  ESBL.    See  Extended-spectrum 
beta-lactamase (ESBL)  

  Extended-spectrum beta-lactamase 
(ESBL) , 172   

  External beam radiotherapy (EBRT) , 177   
  Extratesticular lesions, scrotal ultrasound 

 epididymal lesions   ( see  Epididymal 
lesions) 

 hematocele/pyocele , 81, 82  
 hydrocele , 80–81  
 inguinal hernia , 80  
 leiomyosarcomas , 82  
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 lipomas, spermatic cord , 82  
 rhabdomyosarcomas , 82  
 scrotal hernia , 80, 81  
 varicocele , 93    

  G 
  Gravid kidney 

 measurement , 205  
 and nongravid patients , 203, 204  
 right ureteral jet , 209    

  H 
  Harmonic scanning 

 nonlinear propagation, sound 
waves , 23, 25  

 spatial compounding , 23, 25  
 three-dimensional (3-D) , 23–24, 26   

  Hemolysis, elevated liver enzymes and low platelets 
(HELLP) syndrome , 204   

  Henoch-Schonlein purpura (HSP) , 79   
  HGPIN.    See  High-grade intraepithelial neoplasia 

(HGPIN)  
  HIFU.    See  High-intensity focused 

ultrasound (HIFU)  
  High-grade intraepithelial neoplasia 

(HGPIN) , 178   
  High-intensity focused ultrasound (HIFU) , 155, 156, 

158, 236   
  History, ultrasound 

 discoveries , 1  
 Doppler ultrasound , 3–4  
 dubbed “ultrasound cardiography,” 2 
 motion-mode (M-mode) , 2, 3  
 in obstetrics and gynecology , 3  
 phenomenon of physics , 1  
 piezoelectricity , 2  
 prostate , 4–5  
 “re fl ectoscope,” 2 
 scrotum , 6  
 sonascope , 3  
 therapeutic uses , 6  
 transrectal ultrasound guidance , 6  
 as treatment modality , 2  
 use of SONAR , 2   

  Hormonal ablative therapy , 177   
  Human tissues, interaction of ultrasound 

 artifacts , 14–17  
 attenuation   ( see  Attenuation)  

  Hydrocele 
 congenital/acquired , 80–81  
 description , 80  
 gray-scale ultrasound , 81  
 scrotal ultrasound , 81  
 ultrasound , 199   

  Hydronephrosis, ultrasound 
 renal pelvic dilation , 193  
 SFU system , 193, 195  
 UPJ obstruction , 193    

  I 
  Image quality, urologic 

 characteristics , 46  
 “good-quality image,” 35 
 interfaces , 36, 38  
 monitor display   ( see  Monitor) 
 parameters and settings , 35, 36  
 transducer selection , 35–36   

  Impedance 
 description , 13–14  
 fat , 14, 15  
 tissue heating , 28  
 urine and bladder calculus , 14, 15   

  Indications 
 penile ultrasound , 114–123  
 renal ultrasound , 47  
 scrotal ultrasound , 77–79   

  In fl ammatory, scrotal ultrasound 
 cellulitis/scrotal wall abscess , 79  
 epidermoid cysts , 79  
 Fournier’s gangrene , 79  
 miscellaneous scrotal skin lesions , 79  
 pseudotumor of scrotum , 80   

  Intersex, ultrasound , 199, 200   
  Intraoperative urologic ultrasound 

 adrenal gland   ( see  Adrenal gland) 
 bladder , 231–232  
 kidneys   ( see  Kidneys) 
 prostate   ( see  Prostate) 
 renal pelvis and ureters   ( see  Renal pelvis) 
 testis , 237–238  
 transducers   ( see  Transducers)  

  Intravesical prostatic protrusion (IPP) , 138–140    

  K 
  Kidneys 

 attenuation , 12  
 cavitation , 29, 30  
 CEF , 188  
 children , 185, 186  
 contralateral , 195  
 duplication , 194  
 ectopic , 190  
 embryologic journey , 189  
 febrile urinary tract infections , 192  
 history, ultrasound , 5  
 horseshoe , 189  
 imaging , 186  
 isthmus , 189  
 laparoscopic ablative and partial nephrectomy , 

227–228  
 and liver, impedance , 14  
 malrotated and fused , 190  
 multicystic dysplastic , 191, 193  
 pediatric , 188  
 percutaneous nephrostomy and nephrolithotomy , 

224–226  
 percutaneous renal biopsy , 226–227  
 polycystic disease , 191  
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 Kidneys (cont.) 
 renal cortex , 188  
 renal pyramids , 188  
 renal vein thrombosis , 189  
 sagittal view , 37, 38, 187, 188  
 ultrasound   ( see  Renal ultrasound)   

  L 
  Laparoscopic ultrasound (LUS) 

 ablative and partial nephrectomy , 227–228  
 description , 223   

  LUS.    See  Laparoscopic ultrasound (LUS)  
  Lymphocele , 217    

  M 
  Magnetic resonance imaging (MRI) 

 diverticula , 146  
 radiographic map , 149   

  Male infertility, spectral Doppler ultrasound 
 antisperm antibodies , 103  
 impaired semen quality and azoospermia , 102–103  
 testicular atrophy , 103, 104  
 testicular biopsy , 103  
 testicular trauma , 103–105  
 varicocele , 100–102   

  Malignant epididymal lesions 
 clear cell carcinoma of epididymis , 86  
 incidence , 85–86  
 sarcoma of epididymis , 86   

  Malignant lesions, testis 
 germ cell tumors , 95  
 NSGCT , 96–98  
 seminoma , 96, 97  
 testicular lymphoma , 98, 99   

  MCDK.    See  Multicystic dysplastic kidney (MCDK)  
  Mechanical index (MI) , 29, 30   
  Mechanical ultrasound waves 

 amplitude , 9, 10  
 cycle , 9  
 longitudinal waves , 9, 10  
 mechanical waves , 9  
 period , 9  
 velocity , 10  
 wavelength , 9   

  Midurethral slings , 149–150   
  Modes of ultrasound 

 Doppler ultrasound , 18–23  
 gray-scale and B-mode , 17–18   

  Monitor 
 axial resolution , 41, 42  
 cine function , 45–46  
 depth/size function , 43–44  
 display information , 36–37  
  fi eld of view , 44–45  
 focal zone adjustments , 43, 44  
 frequency adjustment , 40, 42  
 gain and acoustic power , 38–40  
 machine settings and icons , 37, 38  
 multiple focal zones , 43  

 sagittal image, right testis , 37, 38  
 TGC   ( see  Time-gain compensation (TGC)) 
 transverse scanning , 37–38   

  MRI.    See  Magnetic resonance imaging (MRI)  
  Multicystic dysplastic kidney (MCDK) , 190, 191    

  N 
  Neoplasms , 136–137   
  Neurogenic bladder, ultrasound , 198   
  Nonseminomatous germ cell tumors (NSGCT) 

 choriocarcinoma , 97–98  
 color Doppler  fl ow study , 97  
 etiology , 96–97  
 heterogeneous appearance , 97  
 teratoma , 98  
 testis-sparing resection , 98  
 yolk sac tumors , 97   

  Normal anatomy, prostate gland 
 AFS , 160  
 corpora amylacea , 162, 163  
 histological/anatomical zonal architecture , 160, 162  
 prostatic urethra traverses , 162  
 seminal vesicles (SV) , 163   

  NSGCT.    See  Nonseminomatous germ cell tumors 
(NSGCT)   

  P 
  Parapelvic cysts, kidney 

 description , 58–59  
 dromedary hump , 59, 63  
 hypertrophied columns of Bertin , 59, 63  
 hypoechoic structure , 59, 62  
 junctional defects , 60, 64  
 with long axes , 59, 62  
 persistent fetal lobulation , 61, 64   

  Patient identi fi cation and documentation , 31   
  Patient safety 

 acoustic output, selection , 29  
 ALARA , 30–31  
 MI , 29, 30  
 TI , 29–30   

  PCA3.    See  Prostate cancer antigen-3 (PCA3)  
  PD.    See  Power Doppler (PD)  
  Peak systolic velocity (PSV) , 204, 212   
  Pediatric urologic ultrasound 

 acute testicular pain , 199–201  
 bladder , 196, 197  
 CT and MR imaging , 185  
 duplicated collecting system , 194, 196  
 hydrocele , 199  
 hydronephrosis , 193, 195  
 infection and scarring , 189–190, 192  
 intersex , 199, 200  
 kidney , 187–188  
 neurogenic bladder , 198  
 polycystic kidney disease , 191, 194  
 posterior urethral valves , 197–198  
 renal cystic diseases , 190–191, 193  
 renal ectopia , 189, 190  
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 renal tumors , 191–192, 194  
 renal vein thrombosis , 189, 191  
 scrotum , 198  
 stones , 192–193  
 undescended testis , 198–199  
 unilateral renal agenesis , 188–189  
 ureterocele , 196  
 vesicoureteral re fl ux , 196–198   

  Pelvic  fl oor ultrasound 
 abnormal  fi ndings 

 bladder , 146  
 urethra , 146  

 anterior compartment , 143  
 anterior rectocele , 148  
 enterocele , 148–149  
 midurethral slings , 149–150  
 normal anatomy 

 bladder , 145–146  
 BND , 144–145  
 urethra , 144  

 periurethral bulking agents , 153  
 posterior rectocele , 148  
 prolapse assessment , 146–148  
 prolapse mesh kits , 150–152  
 ultrasonography , 143–144  
 urologists , 143   

  Pelvic kidneys, ultrasound evaluation 
 anatomy , 210  
 Lich-Gregoir technique , 210  
 nipple artifact , 210, 212  
 ori fi ce and ureter with obstructing stone , 

210, 211  
 posttransplant kidney , 210  
 PSV , 212  
 RAR , 213  
 stent , 210, 211  
 transplant kidney , 210  
 transplant kidney and renal vasculature , 212  
 ureteral implant with echo and posterior shadowing , 

210, 212   
  Penile Doppler ultrasound (PDU) 

 description , 111  
 ED 

 diagnosis , 117  
 as diagnostic tool , 111–112  
 documentation , 112  
 element, ED workup , 124, 125  
 parameters , 117  

 penile fracture , 120  
 priapism , 119–120   

  Penile fracture , 120   
  Penile masses , 121   
  Penile ultrasound 

 angle of insonation , 124  
 description , 111  
 Doppler shift (FD) , 123–124  
 element of ED workup , 124, 125  
 indication 

 description , 114, 115  
 dorsal vein thrombosis , 120–121  

 ED , 114–118  
 fracture , 120  
 masses , 121  
 Peyronie’s disease , 121  
 priapism , 119–120  
 urethral pathologies , 121–123  

 patient preparation , 112  
 PDU   ( see  Penile Doppler ultrasound (PDU)) 
 protocol 

 anatomic scanning , 112  
 baseline images , 113–114  
 corpora cavernosa (cc) , 112, 114  
 corpus spongiosum , 112  
 indication , 112  
 mid-shaft views , 112, 113  
 survey scan , 112, 113  

 scanning technique , 111–112  
 ultrasound settings , 111   

  Peripheral zone (PZ) 
 and CZ , 160  
 prostate cancer on TRUS , 155, 156   

  Periurethral bulking agents , 152, 153   
  Peyronie’s disease , 121   
  Physical principles, ultrasound 

 with biological tissue   ( see  Human tissues, 
interaction of ultrasound) 

 contrast agents , 24, 26  
 harmonic scanning , 23–24  
 image generation , 10–11  
 mechanical ultrasound waves , 9–10  
 modes of ultrasound , 17–23   

  Polycystic kidney disease, ultrasound , 191, 194   
  Posterior rectocele , 148   
  Posterior urethral valves, ultrasound , 197–198   
  Power Doppler (PD) ultrasonography 

 modes 
 backscatter , 19, 21  
 description , 19  
 integrated amplitude , 20  
 intensity of color , 19, 21  

 renal imaging , 55   
  Pregnancy 

 stent placement   ( see  Stent placement) 
 ultrasound evaluation 

 AP measurement , 205  
 diuretic Doppler ultrasound , 204–205  
 gravid and nongravid patients , 203  
 hormonal changes , 203  
 hydronephrosis , 203–204, 206  
 NSAIDs , 205  
 pathological obstruction , 205  
 renal pelvic and calyceal 

measurements , 206  
 RI , 204  
 ultrasonography , 204  
 ureteral jets , 207–209  

 ultrasound-guided ureteroscopy 
 physician goals , 210  
 sonography and ureteroscopy , 210  
 stent , 210   
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  PRF.    See  Pulse repetition frequency (PRF)  
  Priapism , 119–120   
  Prolapse mesh kits , 150–152   
  Prostate 

 abscesses , 164  
 brachytherapy , 235–236  
 critical disinfection , 32  
 cryotherapy , 233–235  
 HIFU , 236  
 history, ultrasound , 4–5  
 laparoscopic radical prostatectomy , 236–237  
 transducers selection , 36, 37  
 transperineal biopsies , 233  
 transrectal ultrasound , 232–233   

  Prostate biopsy 
 anesthesia , 172–173  
 antibiotic prophylaxis , 178  
 CD , 174–175  
 description , 171  
 EBRT , 177  
 ESBL , 172  
 hematuria and hematospermia , 178  
 HGPIN and ASAP , 178  
 hypoechoic lesions , 174  
 medications , 179–180  
 pathologic elements , 179  
 perineal recurrence , 178  
 peripheral zone , 172  
 prostatic and paraprostatic cysts , 173–174  
 prostatic glandular anatomy , 171–172  
 PSAD , 173  
 repeat biopsy , 175–176  
 saturation biopsy , 176–177  
 strategies , 175  
 transrectal biopsy technique , 173  
 tru-cut needle travels , 175  
 TRUS , 171  
 TRUS/TPB , 177   

  Prostate cancer antigen-3 (PCA3) , 176   
  Prostate-speci fi c antigen (PSA) 

 PSAD , 159  
 serum , 155   

  Protocol and technique, scrotal ultrasound 
 color and spectral Doppler , 76–77  
 documentation , 77  
 indications , 77–79  
 with phallus support , 73, 76  
 in supine position , 73, 75  
 survey scan , 75–77  
 transducer selection , 73, 75   

  Protocol, penile ultrasound , 112–114   
  PSA density (PSAD) , 159, 173   
  PSV.    See  Peak systolic velocity (PSV)  
  Pulse repetition frequency (PRF) 

 aliasing , 21  
 description , 10  
 tissue heating , 28  
 ultrasound ranging , 11, 12   

  PZ.    See  Peripheral zone (PZ)   

  R 
  RAR.    See  Renal aortic ratio (RAR)  
  RAS.    See  Renal artery stenosis (RAS)  
  Renal aortic ratio (RAR) , 213   
  Renal artery stenosis (RAS) 

 grayscale ultrasound , 215  
 Parvus Tardus , 215  
 and PSV , 212  
 and RAR , 213   

  Renal artery thrombosis (RAT) , 214, 215   
  Renal imaging 

 left kidney 
 goal of , 52  
 small exophytic peripheral lesion , 52  
 spleen , 50–51  
 transducer , 50  
 true midsagittal view , 51  
 upper and lower poles , 51–52  

 orientation , 49  
 right kidney 

 liver window , 49, 50  
 lower pole, left kidney , 50, 51  
 midsagittal plane , 50  
 in supine position , 49  
 transducer , 49–50   

  Renal pelvis and ureters , 238–239   
  Renal ultrasound 

 adjacent structures , 54  
 AML , 66, 69  
 anatomic considerations , 49  
 artifacts , 57–58  
 contours , 52  
 cortical scars , 62, 64, 68  
 cortical  vs.  parenchymal thickness measurements , 

52–54  
 cystic diseases , 190–191, 193  
 cysts   ( see  Bosniak renal cysts classi fi cation) 
 description , 47  
 Doppler , 55  
 echotexture , 54  
 ectopia , 189, 190  
 equipment and patient preparation , 48  
 hydronephrosis , 66, 69  
 image documentation , 55  
 indications , 47  
 intraoperative ablation , 64, 66  
 left kidney, imaging , 50–52  
 measurements , 52  
 medical renal disease , 64, 68  
 parapelvic cysts , 58–61  
 pathologic  fi ndings , 58  
 renal masses , 64  
 RI , 55–57  
 right kidney, imaging , 49–50  
 stones , 66  
 tumors , 191–192, 194  
 ultrasound report , 54–55  
 vein thrombosis , 189, 191   

  Resistive index (RI) 
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 Doppler angle indicator , 55–56  
 elevation , 205, 213  
 formula , 204  
 NSAIDs , 205  
 patients with partial obstruction , 57  
 pregnant patient , 205  
 renal arcuate and interlobar arteries , 204  
 resultant waveform , 56  
 ureteral obstruction , 56–57   

  Retrovesical angle (RVA) , 145   
  RI.    See  Resistive index (RI)  
  RVA.    See  Retrovesical angle (RVA)   

  S 
  Sagittal images 

 adolescent male, scrotal pain , 201  
 febrile urinary tract infections , 192  
 normal kidney , 188  
 pre-and post-void images, normal bladder , 197  
 renal duplication , 196  
 renal ultrasound, teenager , 194  
 renal vein thrombosis , 191  
 scrotal ultrasound , 199   

  Scanning environment , 31, 36   
  Scrotal hernia 

 gray-scale ultrasound , 80, 81  
 scrotal ultrasound , 80   

  Scrotal ultrasound 
 anatomy , 71–73  
 extratesticular lesions   ( see  Extratesticular lesions, 

scrotal ultrasound) 
 in fl ammatory   ( see  In fl ammatory, scrotal ultrasound) 
 male infertility   ( see  Male infertility, spectral Doppler 

ultrasound) 
 nonin fl ammatory , 78–79  
 scanning protocol and technique , 73–78  
 SCC , 80  
 scrotal wall lesions , 78  
 testicular lesions   ( see  Testicular lesions, scrotal 

ultrasound) 
 tumors of the spermatic cord , 82   

  Scrotum 
 anatomy 

 adult epididymis , 72, 73  
 adult testis , 71  
 appendix testis and epididymis , 72, 74  
 blood supply , 73, 75  
 color  fl ow imaging , 73  
 mediastinum testes , 71, 73  
 normal adolescent testis , 71, 72  
 rete testis , 71–72  
 seminiferous tubules , 71, 72  
 spermatic cord and paratesticular structures , 73, 

75  
 testes , 71  
 testicular appendages , 72, 74  
 wall , 71  

 history, ultrasound , 6  
 ultrasound , 198   

  Seminal vesicles (SV) 
 diagnose cysts , 156  
 measurement , 163  
 prostate , 163  
 and vasa deferentia , 157   

  SFU system.    See  Society for Fetal Urology (SFU) system  
  Society for Fetal Urology (SFU) system , 193, 195   
  Sonographic images 

 Doppler signal , 200  
 urinary tract , 198   

  SPT.    See  Suprapubic tube placement (SPT)  
  Squamous cell carcinoma (SCC) , 80   
  Stent placement 

 clinical data , 239  
 conservative treatment , 238  
 nonsteroidal anti-in fl ammatory medications , 238  
 PCN , 238  
 technique , 238–239  
 ultrasound probe , 238  
 ureteral , 238   

  Suprapubic tube placement (SPT) 
 application , 231  
 clinical data , 232  
 technique , 231–232  
 ultrasound probe , 231   

  Survey scan, scrotal ultrasound 
 longitudinal schematic view , 76  
 longitudinal view , 76  
 measurements , 76  
 transverse schematic view , 76, 77  
 transverse view , 75–76   

  SV.    See  Seminal vesicles (SV)   

  T 
  Testicular lesions, scrotal ultrasound 

 benign lesions   ( see  Benign lesions, testis) 
 malignant lesions   ( see  Malignant lesions, testis) 
 nonpalpable testicular mass , 98–99   

  Testicular malignancies.    See  Malignant 
lesions, testis  

  Testicular microcalci fi cation (TM) 
 bilateral multiple microcalci fi cations , 89, 90  
 carcinoma in situ (CIS) , 89  
 clinical data , 89  
 color Doppler study , 89, 90  
 de fi nition , 89  
 management , 91  
 prevalence , 89   

  Testicular torsion 
 diagnosis , 87  
 extravaginal/ntravaginal , 86–87  
 gray-scale ultrasound , 87, 88  
 symptoms , 86  
 “torsion knot” or “whirl-pool appearance,”  87  
 ultrasound , 86   

  Testis 
 clinical data , 237–238  
 ultrasound probe , 237   

  TGC.    See  Time-gain compensation (TGC)  
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  Thermal index (TI) , 29–30   
  Three-dimensional (3D) ultrasound, 

prostate gland , 166–167   
  Time-gain compensation (TGC) 

 ampli fi cation, signal strength , 40  
 description , 40  
 renal cyst , 61  
 shape, TGC curve , 40, 41   

  Tissue heating 
 bene fi cial effects , 28  
 potential , 28  
 scattering and absorption , 27  
 temporal factors , 27–28  
 type , 28   

  TOT.    See  Transobturator taping (TOT)  
  Trabeculation , 134, 135   
  Transabdominal pelvic ultrasound 

 abnormalities, bladder stones , 134  
 automated bladder scanning , 140–141  
 bladder   ( see  Urinary bladder) 
 documentation , 139–140  
 equipment and techniques 

 curved-array transducer with orienting 
notch , 130, 131  

 probe manipulation , 130, 131  
 transverse view , 130, 132  

 foreign bodies and perivesical processes , 137–138  
 indications , 129  
 neoplasms , 136–138  
 patient , 129–130  
 prostate gland , 138–139  
 trabeculation and diverticula , 134–136  
 ureteral dilation , 135–137  
 ureteral ef fl ux , 134  
 urologists , 129   

  Transducers 
 console interface , 38, 39  
 curved array , 36, 37  
 Doppler shift (FD) , 123  
 frequency , 36, 37  
 linear array , 36, 37  
 linear array transducer , 111  
 LUS , 223  
 mid-shaft views , 112, 113  
 pulse , 41  
 renal imaging 

 curved array , 48  
 left kidney , 50  
 right kidney , 49–50  

 scrotal ultrasound 
 curved array probe , 73, 75  
 high-frequency linear array , 73  

 sector/vector , 223  
 selection , 35–36  
 and sonographer , 36  
 survey scan , 112, 113  
 transrectal , 223–224   

  Transition zone (TZ) 
 and CZ , 160  
 prostate cancer on TRUS , 155, 156   

  Translabial ultrasound 
 advantages , 150  
 apical and posterior compartment prolapse, 

measurement , 148  
 application , 146–147, 149, 150  
 midsagittal line , 2D, 144   

  Transobturator taping (TOT) , 150–152   
  Transplant complications 

 acute and chronic rejection , 213  
 acute pyelonephritis , 220  
 ATN , 213  
 AV  fi stula , 217, 220  
 foreign body , 213  
 lymphocele , 217, 219  
 RAT , 214, 215  
 renal artery stenosis , 214–216  
 renal transplant stones , 217, 219  
 renal vein thrombosis , 213–215  
 ureteral and UPJ obstruction , 215–219   

  Transrectal ultrasound (TRUS) 
 prostate gland 

 abnormal anatomy   ( see  Abnormal anatomy, 
prostate gland) 

 abnormalities , 157  
 clockwise rotation visualizes , 159  
 complications , 160  
 contrast-enhanced ultrasound , 165–166  
 coupling medium , 158  
 de fi nition , 155  
 documentation , 160  
 Doppler ultrasound , 165  
 3D ultrasound , 166–167  
 elastogram , 167–168  
 gray-scale , 158  
 hematospermia , 160  
 hematuria , 160  
 indications , 155–157  
 invasive procedure , 157–158  
 lithotomy position , 158  
 lower frequency transducers , 158  
 meticulous and systematic approach , 165  
 neoplastic tissue , 165  
 normal anatomy   ( see  Normal anatomy, 

prostate gland) 
 patients , 158  
 planimetry , 159–160  
 PSAD , 159  
 side- fi re/end- fi re probe , 158  
 survey scan , 159  
 transverse and A-P dimensions , 159  
 transverse and the sagittal planes , 158–159  

 prostatic biopsy , 171  
 TPB , 177  
 treatment and hormonal ablative therapy , 177  
 urologists’ application , 171   

  Transrectal ultrasound-guided/transperineal prostate 
biopsy (TRUS/TPB) , 177   

  Transurethral microwave therapy (TUMT) , 156   
  Transurethral radiofrequency needle ablation 

(TUNA) , 156   
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  Transvaginal taping (TVT) , 150, 151   
  TRUS/TPB.    See  Transrectal ultrasound-guided/

transperineal prostate biopsy (TRUS/TPB)  
  Tubular ectasia of the rete testis (TERT) , 93   
  TUMT.    See  Transurethral microwave therapy (TUMT)  
  TUNA.    See  Transurethral radiofrequency needle ablation 

(TUNA)  
  TVT.    See  Transvaginal taping (TVT)  
  TZ.    See  Transition zone (TZ)   

  U 
  Ultrasound equipment 

 cleaning , 32  
 critical disinfection , 32–33  
 high-level disinfection process , 32  
 image quality , 35–46  
 maintenance , 31  
 penile   ( see  Penile ultrasound) 
 physical principles   ( see  Physical principles, ultrasound)  

  Ultrasound image generation 
 amplitude, returning waves , 11  
 piezoelectric effect , 10, 11  
 PRF , 10  
 pulsed-wave ultrasound , 10–11  
 sequence of events , 11, 12  
 transducer , 10  
 ultrasound ranging , 11, 12   

  Ultrasound performance, children 
 bladder , 186  
 de fi nitions , 185  
 indications , 185–186  
 kidneys , 186  
 scrotum , 186–187   

  Ultrasound reports, renal 
 equipment , 55  
  fi ndings , 55  
 impression , 55  
 indications , 55  
 report generation , 54   

  Undescended testis , 198–199   
  Unilateral renal agenesis, ultrasound , 188–189   
  Ureteral jets 

 absence , 208, 209  
 applications , 207  
 double pigtail ureteral stent , 207  
 dragon-breathing  fi re , 207  
 presence , 208, 209  
 and sluggish jet , 206  
 well-hydrated patients , 208   

  Ureterocele , 135–137, 196   

  Ureteropelvic junction (UPJ) 
obstruction , 193   

  Urethra 
 abnormal  fi ndings , 146  
 normal ultrasound anatomy , 144   

  Urethral strictures , 122–123   
  Urinary bladder 

 automated scan , 140, 141  
 balloon catheter , 131  
 carcinoma , 137  
 dilated distal ureter , 135, 136  
 diverticula , 134, 136  
 documentation , 187  
 indications , 129, 130, 186  
 measurements , 140, 186  
 metastatic lesion , 138  
 neurogenic , 198  
 pre-and post-void images , 196, 197  
 residual blood clot , 131  
 stones/calculus , 134, 135  
 survey scan , 132  
 thickness and contour , 196  
 trabeculation , 134, 135  
 transverse images , 186  
 volume, measurement , 132–133  
 wall lesion , 137  
 wall thickness, measurement , 133–134   

  Utricular cyst , 164    

  V 
  Varicocele 

 blood  fl ow velocities , 101  
 cause , 100  
 description , 100  
 low-re fl ective dilated veins , 100, 101  
 semen analysis , 101–102  
 subfertility , 100  
 ultrasound characteristics , 100–101   

  VCUG.    See  Voiding cystourethrogram (VCUG)  
  Vesicoureteral re fl ux, ultrasound , 196–198   
  Voiding cystourethrogram (VCUG) 

 hydronephrosis , 193  
 irregular-shaped bladder , 198  
 vesicoureteral re fl ux , 189  
 young child, bilateral vesicoureteral re fl ux , 197    

  W 
  Wall thickness measurement, urinary 

bladder , 133–134           
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