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 Since I began practicing pediatric uroradiology almost 40 years ago, there 
have been many dramatic changes, not only in the diagnosis and treatment of 
abnormalities of the urinary tract of the fetus, infant, and child but also 
changes in the training of the people who do the diagnosing and the treating. 
Some of these changes are obvious and are the result of advances in medi-
cine, but some are cultural and may be more subtle. I will mention but a few 
of these changes here. 

 Vesicoureteral refl ux was thought by many to be secondary to infection or 
secondary to obstruction at the bladder neck or in the urethra, leading to 
many unnecessary operations. Vesicoureteral refl ux is now known to be pri-
mary, the result of abnormality or immaturity at the ureterovesical junction, 
and refl ux often resolves spontaneously as the child grows. It was not known 
that refl ux is often familial and that it is rare in black children. And it was also 
not widely appreciated, as it is now, that refl ux is a dynamic phenomenon that 
sometimes only occurs with voiding. 

 Another advance in the understanding of the child’s urinary tract concerns 
the so-called megacystis-megaureter association. This is a condition in which 
the massively enlarged bladder was thought to be the cause of the dilatation 
of the ureters. Reduction cystoplasty (with incidental reimplantation of the 
refl uxing ureters) was a common method of treatment. Then we learned that 
the massive refl ux, with constant recycling of refl uxed urine, was the cause of 
bladder enlargement. Reimplantation of the ureters, with cessation of the 
refl ux, usually results in the gradual return of the bladder to normal size. 

 The ability to detect hydronephrosis and other abnormalities of the urinary 
tract in the asymptomatic fetus by prenatal ultrasound means that the infant 
can be evaluated and treated if necessary electively after delivery and not as 
an emergency only after he or she becomes ill, as was often the case 40 years 
ago. Prenatal detection of a urinary tract abnormality, such as posterior ure-
thral valves in the male fetus, affords the pediatric urologist the opportunity 
to meet expectant parents before the baby is born, to provide advice and reas-
surance, and to establish a plan for postnatal management. 

 Prenatal detection and postnatal evaluation of the infant with a multicystic 
dysplastic kidney (MCDK) revolutionized the treatment of the child with this 
anomaly. Before prenatal detection was possible, most MCDKs were removed 
when detected. A healthy infant would be found to have a mass in his or her 
fl ank during a routine physical examination. An excretory urogram would 
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show a normal, hypertrophied contralateral kidney and no visible kidney on 
the side of the mass. At the time of the almost inevitable operation, a MCDK 
would be found and the kidney would be removed. Since the introduction and 
widespread use of routine prenatal ultrasound, most MCDKs are detected in 
utero. The diagnosis is confi rmed after delivery and the affected kidney is left 
in situ. No operation or other treatment is needed. The fl uid in the cysts often 
resorbs and the affected kidney shrinks and sometimes becomes invisible on 
follow-up ultrasound examinations. It took awhile for this radical change in 
treatment to be disseminated and accepted. 

 Prenatal detection of hydronephrosis has also changed our understanding 
and hence management of primary megaureter. When I began practicing 
pediatric uroradiology, a patient with this condition would usually present 
with pyelonephritis in the fi rst few years of life. Since the infant or child was 
sick and since imaging would show an underlying anatomic abnormality, vir-
tually all such children underwent excision of the distal ureteric segment and 
reimplantation of the ureter, with ureteral tapering when needed. Now, how-
ever, hydronephrosis can be detected in the fetus and the infant evaluated, 
electively, soon after delivery and kept free from infection. As a result of this 
change in management, we have been able to see that the natural history of 
this abnormality, without surgery, is often spontaneous improvement and 
even resolution, and many if not most children with primary megaureter 
never need an operation. 

 Chronic renal failure used to be the most common cause of death in 
patients with neurogenic dysfunction of the bladder (so-called neurogenic 
bladder) associated with myelomeningocele. Now, after evaluation of the 
affected neonate by both the pediatric urologist (using urodynamic testing for 
neurourologic evaluation) and pediatric radiologist, appropriate treatment is 
instituted and maintained, and there need not be any renal deterioration at all. 
When I was a medical student, I was taught that if one “contaminated” the 
bladder of a patient with neurogenic dysfunction by catheterization, the 
patient would be doomed to a lifetime of intractable bladder infections. Now, 
one of the cornerstones of management of such a patient is clean, intermittent 
catheterization. 

 Forty years ago, exstrophy of the bladder was diagnosed at the time of 
birth, and the child was treated with either bladder closure at 3 or 4 years of 
age or urinary diversion, usually by means of ureterosigmoidostomy. Now, 
exstrophy is usually diagnosed prenatally by ultrasonography and sometimes 
magnetic resonance imaging as well; prenatal counseling can be provided, 
and complete primary repair can be undertaken, often in the neonatal period. 

 In the early 1970s, there were few pediatric urologists. Pediatric urologic 
surgery was usually performed by either “adult” urologists or by pediatric 
surgeons. If a rare person in North America wanted special training in pediat-
ric urology, he usually went to England for a year of training with a mentor. 
Today, pediatric urology is practiced by men and women (a signifi cant 
change, note the gender of the coauthors of this book), who have been trained 
in a pediatric urology fellowship in the United States or Canada, for one or 
more years after their general urology training. The same fellowship training 
model and “gender equality” have also occurred in pediatric radiology. 
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 Another area of signifi cant change, clearly shown by this book, is the 
working relationship between the pediatric radiologist and his or her pediatric 
urology colleague. In the past, each group worked separately, with little 
knowledge or appreciation of the other group’s needs and concerns. It is grat-
ifying for me, as this book clearly shows, to see how the practitioners of each 
specialty now often work together as a team, to the great advantage of each 
other, to each specialty, and of course to the care of the infant and child. 

 When I began, there was little knowledge of or concern for the deleterious 
effects of radiation from diagnostic imaging. Recently, greater knowledge of 
the potentially damaging effects of repeated doses of radiation from diagnos-
tic procedures has become much better understood and disseminated. This 
understanding, and the need to address it, is the subject of the “Image Gently” 
campaign begun by the Society of Pediatric Radiology and of Chapter   7    . 

 Still another area of signifi cant change, the last one I will mention, is the 
recognition of the need for psychological support for the young patient and 
his or her family. When I was in training, I met Emma Plank. She had begun 
a unique training program for young women, teaching them how to work 
with children and their parents in the hospital, to try to make the time there 
more understandable and less scary. They were called Play Ladies. They are 
now called Child Life Specialists and they are an integral part of most chil-
dren’s hospitals, especially in radiology and urology. 

 Our ability in pediatric urology and uroradiology to understand, to diag-
nose, and to treat pediatric urologic problems has grown tremendously in the 
past four decades. Children worldwide are better for it. Some things, how-
ever—the embryology, anatomy, and physiology of the urinary tract and what 
can go wrong—have not changed. And, something else has not changed. It is 
the need to treat the young patient and his or her parents with dignity, con-
cern, and sympathy and to provide the infant and the child with the most 
up-to- date diagnostic and therapeutic care, in a cost effective way, always 
striving to do things better and above all “to do no harm.” 

 Robert L. Lebowitz, MD 
 Professor of Radiology, Emeritus 

 Boston Children’s Hospital and Harvard Medical School 
 Boston, MA, USA  

Foreword

http://dx.doi.org/10.1007/978-1-4614-8654-1_7


 



xi

 A vast number of children and adolescents in the United States are evaluated 
yearly for genitourinary conditions by radiographic testing, including ultra-
sonography, voiding cystourethrography, radioisotope renography, comput-
erized tomography, and magnetic resonance imaging. Collaborative care of 
genitourinary conditions by the pediatric urologist and radiologist assists in 
the care of these patients. Historically, a multidisciplinary approach to several 
such conditions (e.g., myelomeningocele) has improved the care of these 
patients. It is in this spirit that we decided upon editing  Pediatric and 
Adolescent Urologic Imaging , a unique comprehensive reference with each 
chapter written by both pediatric urologists and radiologists. 

 This combined-specialty evaluation of each topic through both radio-
graphic images and corresponding clinical information will allow the clini-
cian to integrate the radiographic imaging to the clinical data and the 
radiologist to have a broader clinical basis by which to interpret the imaging 
studies. Other health practitioners (i.e., primary care providers, general urolo-
gists, general radiologists, midlevel providers, and health professionals in 
training) will also fi nd this book as a key reference. 

 The chapters are arranged into two parts to allow for easy access to the 
information. The fi rst part, “Radiology Principles,” provides the background 
information on the fi ve more common radiographic tests (ultrasound, com-
puterized tomography, magnetic resonance imaging, voiding cystourethrog-
raphy, and nuclear medicine imaging) along with a history of pediatric 
urologic imaging and a discussion on radiation safety. The other part is enti-
tled “Clinical Imaging.” In this section, the authors integrate the lessons from 
the fi rst section into the discussion of different urologic conditions based on 
genitourinary anatomy (kidney, ureter, bladder, urethra, adrenal gland, and 
scrotum) as well as the unique aspects of prenatal imaging, urolithiasis, inter-
ventional radiology, exstrophy-epispadias complex, trauma, and other uro-
logic conditions. 

 Our goal is to edit a textbook written by the pediatric urologist and radi-
ologist for pediatric urologists and radiologists. Upon completion of this text, 
it is our sincere hope that the reader will have both the pediatric urologist and 
radiologist perspectives of urologic imaging of children and adolescents. 

 Long Island, NY, USA   Lane S. Palmer, MD, FACS, FAAP 
 Cleveland, OH, USA   Jeffrey S. Palmer, MD, FACS, FAAP  
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           The Beginnings: Plain Films 
and Cystography 

 The story of genitourinary tract imaging is a 
coincidence of art, technology, and epistemol-
ogy. Urinary tract visualization began with da 
Vinci (1452–1519) and Vesalius (1514–1564) 
who transformed observations of anatomic dis-
sections into drawings (Fig.  1.1 ). This work was 
useful for education but hardly practical for the 
real-time practice of medicine. Photographic 
technology was a huge boon to medical educa-
tion as well and quickly extended its impact to 
the therapeutic arena [ 1 ].

   Modern genitourinary tract imaging, however, 
resulted from the union of two milestone medi-
cal specialties. Urology was the fi rst deliberately 
specifi ed subspecialty in medicine, as evidenced in 
the oath of Hippocrates. Those who have taken that 
oath since 450 BC accept responsibility for almost 
all aspects of healthcare and swear that they “will 
not cut for stone” but rather should defer that prac-
tice to “specialists in that art.” Bladder stones have 
been a persistent plague for children and adults 
throughout human history until recent times. 
Itinerant lithotomists offered surgical treatments 
throughout most of the  ensuing 2.5  millennia after 

Hippocrates, although left little evidence of their 
work aside from the oath and subsequent allu-
sions to their existence and practice. Herbalists, 
midwives, acupuncturists, and other practitioners 
plied their techniques and trades over those cen-
turies, but in the orthodoxy of Western medicine, 
other specialties did not emerge until the second 
half of the nineteenth century. 

 Even from its primitive start, lithotomy was 
heavily dependent on technology. One can easily 
imagine little progress in the technology of 
knives and other instruments occurred in the time 
between Hippocrates and the Industrial 
Revolution. Only as the second half of the nine-
teenth century proceeded toward the turn of the 
next century did science and technology produce 
precision and ingenious instruments such as the 
lithotrite and optical endoscopes that allowed a 
new iteration of the lithotomist. Genitourinary 
surgery, or urology as it came to be called, moved 
well beyond lithotomy to investigate and treat all 
sorts of genitourinary pathology with safe and tol-
erable access to deep interiors of the human body. 

 Coupled to this new iteration of urology was 
the discovery of Wilhelm Conrad Roentgen in 
1895. His X-ray pictures utilizing the Crookes 
tube allowed a new level of diagnostic opportu-
nity in the human body. The tipping point was 
quickly appreciated as in the following year, 
1,000 papers were published related to the new 
modality [ 2 ]. That fi rst image of the ring fi nger of 
Roentgen’s wife initiated bone visualization, and 
it was only a short step of imagination to investi-
gate the urinary tract. On July 11, 1896, within a 
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year of Roentgen’s pivotal discovery, Dr. John 
Macintyre of Glasgow reported the X-ray dem-
onstration of a renal stone [ 3 ]. The length of the 
exposure was 12 min, and a subsequent operative 
procedure confi rmed presence of the stone. 

 X-ray was not readily adopted as a solution to 
identifying urinary calculi due to the technical 
limitations of equipment available at the time. 
The low output and lack of intensifying screens 
required exposure times of at least ten minutes, 
and only large radiopaque calculi could be 
detected. Variable tube output and scattered radia-
tion weakened image quality [ 4 ]. Fenwick in 1897 
utilized intraoperative X-ray exposure of a kidney 
to try to localize a stone but was unsuccessful. In 
the same year, Tuffi er passed a catheter with a 
metal stylet into the ureter under X-ray to defi ne 
its course radiologically [ 5 ]. This was more of a 

novelty than any clinical value, although Klose in 
1904 demonstrated a duplex ureter by using two 
styleted catheters [ 6 ]. Also in 1904, Keller fi lled a 
bladder with air to demonstrate a diverticulum via 
X-ray [ 7 ]. Air and carbon dioxide proved diffi cult 
in distinguishing the urinary tract from bowel gas. 
In 1905 Voelcker and von Lichtenburg, urologi-
cally oriented surgeons from Germany and 
Budapest, reported positive clinical experience 
with collargol, a colloidal silver material, for cys-
tography via intravesical injection [ 8 ]. The direc-
tor of the General Electric Research Laboratory, 
William D. Coolidge, invented an X-ray tube with 
an improved cathode that offered a much more 
exact and controlled output of the X-ray by 1913 
[ 9 ]. The Coolidge tube was a major contribution 
to the developing fi eld of radiology, and its basic 
design is still used today.  

  Fig. 1.1    The principal 
organs and vascular and 
urinogenital systems of a 
woman, c. 1507 by Leonardo 
da Vinci       
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    Retrograde Pyelography 

 Retrograde is a word of distinguished provenance 
having early been used, if not invented, by 
Shakespeare. In  Hamlet  (1599–1602), Claudius 
tries to dissuade his nephew (and stepson) the 
prince from returning to school in Wittenberg, 
saying of that intent:

  It is most retrograde to our desire 
 And we beseech you, bend you to remain 
 Here in the cheer and comfort of our eye… 

   In  All’s Well that Ends Well  (1604–1605), 
Helena says, “When he was retrograde, I think, 
rather.” Although a less memorable quote, 
Helena’s comment still gives a full sense of the 
term. Astronomy as a fi eld also uses the term, 
most usually in relation to orbiting planets and 
their moons. Thus, eight planets in our solar sys-
tem orbit the sun in one direction called “pro-
grade” (counterclockwise as viewed from the 
pole star, Polaris), while Venus and Uranus have 
retrograde orbits. 

 Medicine did not embrace the term “retro-
grade” until after 1906 when Voelcker and von 
Lichtenburg described a happy marriage between 
Mr. Roentgen’s pictures and urology as they 
passed a cystoscope into the bladder, catheterized 
a ureter, and injected a contrast agent so as to 
“shoot” a retrograde pyelogram and visualize the 
upper urinary tract [ 10 ]. The material injected, 
2 % collargol, was a colloidal silver solution they 
had previously employed for cystography. 
Stronger solutions, of Argyrol and 5 % silver 
iodide, caused toxic damage to the ureters and 
kidney. At some point, the term “retrograde” 
came into the picture. Other agents such as air, 
carbon dioxide, and various heavy metal com-
pounds were utilized as agents to delineate the 
upper urinary tract under X-ray. 

 Uhle and Pfahler wrote a paper in 1910 that 
suggested bismuth paste or dense fl uids “cast a 
shadow” [ 11 ]. Bismuth, however, was insoluble 
and its salts were toxic. Thorium nitrate-citrate 
visualized well but was somewhat irritative 
and seemed to become toxic after standing. In 
1918, Cameron introduced a sodium and potas-
sium iodide contrast material but abandoned the 

potassium due to toxicity [ 12 ]. The resulting 
13.5 % sodium iodide became the standard for 
retrograde pyelography with its minimal toxicity, 
good visualization, and isotonicity with urine. 
A variety of other materials including lithium 
iodide, colloidal thorium dioxide, and Lipiodol 
did not fi nd enduring places in the investigational 
armamentarium.  

    Intravenous Pyelography 

 Organic iodides proved the most versatile  contrast 
agents for genitourinary imaging. In 1923, 
Osborne noticed opacifi cation of the urinary tract 
in patients with syphilis treated with sodium 
iodide [ 4 ]. In the same year, Rowntree used 10 % 
sodium iodide orally as well as intravenously. 
Imaging quality was elusive at the contrast vol-
umes that were safe. A young American urologist 
named Moses Swick introduced a safe and effec-
tive form of iodide called uroselectan. Swick had 
gone to Germany in 1928 to work with Leopold 
Lichtwitz, a professor of medicine in Hamburg, 
where he studied an experimental antimicrobial 
called Selectan-Neutral, a double iodide com-
pound that had been used to treat urinary tract 
infections. The compound originally was devel-
oped in 1923 by Arthur Binz, professor of chem-
istry in Berlin, in attempts to create agents with 
minimal toxicity for treating spirochetal and try-
panosomal diseases [ 13 ]. Given the utility of 
iodated compounds in urinary tract imaging, 
Swick attempted to use the agent for human 
infections as well as for urography but was 
deterred by the side effects and marginal quality 
of images. Trying to fi nd a better form of the con-
trast material and desiring to work with a larger 
patient population, Swick transferred his investi-
gations to Berlin, where he worked in the urology 
clinic of Alexander von Lichtenburg. In 1929, he 
developed a new compound called Uroselectan 
with a single iodine atom attached to a 5-carbon 
pyridine ring. This was soluble enough and non-
toxic in rabbits, dogs, and fi nally humans. When 
injected intravenously, this agent outlined the uri-
nary tract clearly and give birth to the intravenous 
pyelogram (IVP) [ 13 – 15 ]. 
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 Toxic issues of ego and priority cloud the 
story. Although the creation of Uroselectan seems 
to have been created by Swick, von Lichtenberg 
claimed ownership of the innovation. Swick won 
initial recognition, presenting his work at the 
Ninth Congress of the German Urologic Society 
in Munich during which he outlined steps in the 
discovery of Uroselectan as well as how to per-
form intravenous urography with the new con-
trast agent. After Swick’s presentation, von 
Lichtenburg delivered a paper that listed Swick 
as coauthor and described their clinical experi-
ence with Uroselectan in 84 patients [ 16 ]. 

 Swick returned to New York in 1929, where 
he worked as a urologist at the Mount Sinai 
Hospital. Mount Sinai’s Chief of Radiology 
Leopold Jaches presented a sensational paper at 
the 81st session of the AMA Section on Urology. 
Leading off the ensuing published discussion of 
the paper, Leopold Lichtwitz said, “Pyelography 
by way of excretion is an old desire.” The subse-
quent debate included Binz, who stated, 
“Sodium-2- oxo-5-iodo-pyridine-N-acetate, in 
its present form, was made in 1927, long before 
Dr. Swick came to Germany. Its selection by me 
for the purpose of intravenous urography was 
not due to the suggestions of Dr. Swick but was 
an answer to clinical principles which had been 
agreed on by Professor von Lichtenburg and me, 
before Professor von Lichtenburg’s trip to 
America last year.” On the other hand, Swick 
told a different version of the story and stated, 
“The full data concerning these conferences 
[with Binz] and other matters here discussed will 
be presented by me tomorrow before the Section 
on Urology” [ 13 ,  17 ]. 

 Swick cried foul fi nding himself barred from 
the 1930 American Urological Association meet-
ing program even though von Lichtenburg was 
invited to discuss the principles of intravenous 
urography. Over the next 35 years, Swick did not 
receive the recognition he believed was deserved. 
Victor Marshall, professor of urology at Cornell, 
led efforts for the Section on Urology of the New 
York Academy of Medicine to award Swick the dis-
tinguished Valentine Medal in 1965. Introductory 
remarks referred to the three decades of frustra-
tion Swick suffered in being overlooked for his 

 contributions to his fi eld, and apologies were 
 subsequently forwarded to Swick from a number of 
prominent leaders in the AUA [ 13 ,  18 ,  19 ]. 

 Triiodinated contrast media were developed in 
the 1950s: acetrizoate sodium (Urokon) in 1955, 
diatrizoate sodium (Hypaque), methylglucamine 
salt (Renografi n), and iothalamate meglumine 
(Conray) [ 4 ]. These agents became routinely 
used intravenously, making the IVP the corner-
stone of urologic imaging for both adults and 
children at the time. Radiology departments 
might perform 15–30 IVPs a day, and in most 
institutions several radiography rooms were 
solely dedicated to IVPs [ 20 ]. Abdominal com-
pression was routinely implemented to distend 
the calyces and ureters [ 21 ]. If an IVP or retro-
grade pyelogram suggested presence of a renal 
parenchymal mass, nephrotomography was com-
monly performed as a separate study the follow-
ing day [ 22 ]. A scout tomogram was followed by 
a large dose of contrast material injected rapidly 
through a large-bore IV with 5 mm thick tomo-
graphic sections of the kidney in anteroposterior 
and oblique views. If the fi ndings implied pres-
ence of a simple cyst, with smooth margins and a 
thin rim, then no further images were obtained. 
Otherwise, a fl ush aortogram with selective arte-
riogram would be performed [ 20 ]. Bosniak 
showed that IVP without tomography often 
missed renal masses [ 23 ].  

    Percutaneous Nephrostogram 
and Interventional Radiology 

 Before cross-sectional imaging became routinely 
available, percutaneous aspiration with contrast 
injection of renal cysts was used to characterize 
renal masses seen on IVP or angiography. 
Diagnostic percutaneous renal puncture was 
described by Knut Lindblom in 1952 [ 24 ], and 
percutaneous trocar nephrostomy for hydrone-
phrosis was performed by Willard E. Goodwin in 
1955 [ 25 ,  26 ]. It was not until nearly 3 decades 
later in 1981 that Peter Alken reported percutane-
ous stone surgery [ 27 ]. 

 In the 1970s and 1980s, percutaneous ante-
grade pyelography became reserved for the 
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study of the hydronephrotic collecting system 
that could not otherwise be suffi ciently evalu-
ated by ultrasound, IVP, or nuclear renography. 
Percutaneous puncture of the kidney in an infant 
or child was usually performed with a combina-
tion of sedation and local anesthesia. The needle 
was placed in the dilated collecting system under 
ultrasonic or fl uoroscopic guidance, and the pel-
vicaliceal system was opacifi ed with injection of 
contrast followed by fl uoroscopic spot fi lms. The 
antegrade pyelogram was sometimes combined 
with a pressure-fl ow study (the Whitaker test) 
to assess the presence of obstruction within the 
upper urinary tract [ 28 ,  29 ].  

    Voiding Cystourethrography 

 In 1944 upon observing that no reports in the 
radiology literature described arthrography in 
children, Brodny and Robins stated, “When suf-
fi cient experience has been gained, urethrogra-
phy will be found as valuable for the study of 
lower urinary tract disease as pyelography is for 
the diagnosis of renal pathologic lesions” [ 30 ]. 
They sought to identify the ideal contrast medium 
to opacify the bladder and urethra and yield suf-
fi cient anatomical information. Over the prior 
four decades, several preparations had been 
introduced but were imperfect. These included 
metallic salts, halogen salts, iodized oils, and 
intravenous urographic media. Solutions of silver 
salts required such high concentrations for ade-
quate radiopacity that they often resulted in tox-
icity and local tissue injury. Aqueous suspensions 
of insoluble barium or bismuth salts provided 
adequate opacifi cation, but insoluble particles 
remaining in the bladder required copious irriga-
tion for removal to prevent future calculus 
 formation. Concentrated solutions of sodium and 
potassium iodides and bromides were irritating, 
and more dilute solutions did not opacify the uri-
nary tract adequately. Additionally, the poor vis-
cosity of these solutions made them impractical 
for urethrography. In 1923, Lipiodol was intro-
duced as a nonirritating contrast medium that 
opacifi ed the lower urinary tract suffi ciently. A 
halogenated oil, iodochloral, later offered  similar 

results. Brodny and Robins  performed studies 
with both media and found two fl aws in their use: 
(1) globules of oil form in the bladder in the pres-
ence of urine and make it diffi cult to outline the 
base of the bladder and (2) they posed risk of oil 
embolism in the presence of epithelial lesions 
[ 30 ]. The intravenous contrast media introduced 
for IVP were adapted for cystourethrography 
because these substances were considered nonir-
ritating, nontoxic, and well tolerated if absorbed 
in the bloodstream. They lacked viscosity, how-
ever, so attempts were made to thicken these 
agents with glucose or acacia [ 31 ]. Despite this, 
the agents fl owed too rapidly through the urethra 
to obtain acceptable images. 

 In 1947 Brodny and Robins introduced ray-
opake as a superior contrast medium for cysto-
urethrography. It consisted of an organic 
compound containing iodine diethanolamine to 
render it soluble in water and a polymeric form of 
polyvinyl alcohol to increase the viscosity. 
Rayopake outlined the genitourinary tract clearly, 
did not form globules when mixed with urine or 
water, had adequate viscosity for performing ure-
thrography, did not produce emboli, and did not 
irritate the urethral epithelium [ 30 ]. 

 Despite safe, well-tolerated contrast solutions, 
evaluation of the lower urinary tract by means of 
VCUG took several decades for acceptance. 
After promoting their choice of contrast agent for 
cystourethrography, Brodny and Robins empha-
sized the utility of both retrograde and voiding 
cystourethrography in evaluating boys with sus-
pected urologic disorders. Until they published 
their series of pediatric cystourethrographic stud-
ies in 1948, the merits of this study in children 
had not been suffi ciently recognized [ 32 ]. A typi-
cal investigation of urinary tract pathology in 
children mid-century included IVP followed by 
endoscopy under general anesthesia. Because 
most parents and pediatricians did not wish to 
subject a child to a general anesthetic if the IVP 
was considered normal, IVP became the blanket 
test for evaluating the entire urinary tract. Direct 
radiologic investigation of the lower urinary tract 
was avoided for a number of reasons: (1) the dif-
fi culty of performing a voiding cystourethrogram 
on children, (2) fear of radiation exposure to the 

1 History of Pediatric Urologic Imaging



8

gonads, and (3) lack of appreciation for the value 
of a VCUG among clinicians at the time [ 33 ]. 
Radionuclide cystography was introduced in 
1959 [ 34 ] and was considered by some superior 
to VCUG because it allowed quantitation of 
parameters affecting bladder function and could 
more adequately evaluate the fi lling and empty-
ing of the bladder [ 35 ]. 

 In the early to mid-1960s, VCUG became 
more accepted as a major diagnostic tool in pedi-
atric uroradiology. Today VCUG is the principal 
examination used for the study of the bladder and 
urethra in children and considered the standard 
for detecting vesicoureteral refl ux. The retro-
grade urethrogram is the primary urographic 
study for demonstrating the details of abnormali-
ties in the male urethra below the level of the 
sphincter.  

    Ultrasonography 

 Black-background real-time ultrasound became 
standard in the late 1970s. Digital scan convert-
ers allowed for obtaining images quickly, and 
soon ultrasonography became the gold standard 
for differentiating solid from cystic renal lesions, 
making nephrotomography and arteriography 
second line in the evaluation of renal masses [ 20 , 
 36 ]. Ultrasonography changed the approach to 
the imaging of the urinary tract in the child, lead-
ing to decreased utilization of IVPs by the late 
1970s [ 37 ]. Whereas IVP was once the fi rst-line 
test for the exploration of pediatric urological 
diseases, ultrasound soon became the preferred 
form of imaging. The reduced risk of ionizing 
radiation, contrast reactions, and iatrogenic com-
plications made ultrasound ideal for evaluating 
newborns, infants, and children as well as the 
fetal urinary tract in utero [ 38 ]. In the early 1980s, 
the lack of all risk was not completely proven, so 
ultrasound was still used in moderation, espe-
cially in pregnancy [ 39 ,  40 ]. 

 With improvement in ultrasonographic imag-
ing over the last 30 years, more facile detection 
of urologic abnormalities in the antenatal period 
has changed the practice of pediatric urology. 
Detection of clinically signifi cant antenatal 

hydronephrosis helps the pediatric urologist plan 
treatment, if indicated, in the neonatal period as 
well as determine whether fetal intervention is 
warranted. Antenatally detected urologic diagno-
ses may lead to a prenatal visit between parents 
and the pediatric urologist, helping to establish 
rapport and provide reassurance prior to delivery 
[ 41 ,  42 ]. 

 Ultrasonography has also afforded us an 
accessible, inexpensive, and safe way to follow 
young patients after delivery and understand the 
natural history of urologic problems. For exam-
ple, before antenatal ultrasound, patients with 
primary obstructed megaureter typically did not 
present until later in life with symptoms of pyelo-
nephritis. Of those with megaureter now detected 
antenatally, we know that approximately 80 % 
will have spontaneous resolution of hydrone-
phrosis over time and not require intervention, 
but those that persist or progress can be repaired 
[ 43 ]. Antenatal detection of hydronephrosis on 
ultrasound has also resulted in the early elective 
detection of vesicoureteral refl ux with VCUG. 
While such information is debated by some 
authorities, we believe that early recognition of 
vesicoureteral refl ux can preempt refl ux nephrop-
athy in many children [ 44 ]. 

 Early detection and the ability to follow the 
multicystic dysplastic kidney (MCDK) with 
ultrasonography has also transformed the man-
agement of this condition in that previously 
almost all MCDKs were removed upon discov-
ery. Now most are found with antenatal imaging, 
and the pathognomic criteria for diagnosis have 
arisen from characteristics seen on ultrasound, 
including the presence of noncommunicating 
cysts varying in size. Serial ultrasound has proven 
that the majority of MCDKs involute over time 
with no need for nephrectomy [ 45 ,  46 ]. 

 Antenatal ultrasonography has also allowed 
uroradiologists and pediatric urologists to charac-
terize the actual prevalence of certain congenital 
conditions. Based on imaging, we now know that 
the most common antenatally detected urologic 
abnormality is ureteropelvic junction obstruction 
(UPJO), followed closely by megaureter, VUR, 
and renal duplication. Fortunately, boys with 
posterior urethral valves (PUV)  represent only 
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a small percentage of antenatal  hydronephrosis 
[ 47 ]. Due to early detection of UPJO with ante-
natal ultrasound, the prevalent etiology has 
shifted from extrinsic to intrinsic obstruction. 
Before routine antenatal imaging, the major-
ity of pediatric patients with UPJO would pres-
ent when older with symptoms of obstruction as 
was once called Dietl’s crisis. Now infants with 
an intrinsically narrowed UPJ segment are found 
before they present with symptoms. Today only a 
small percentage of these patients present later in 
life. Because of early detection, now those with 
extrinsic compression comprise the majority of 
symptomatic cases of UPJ typically seen in older 
children [ 48 ]. 

 Bladder exstrophy was formerly diagnosed at 
birth, limiting the ability to provide antenatal 
counseling to parents, plan delivery, and prepare 
for closure in the OR. Now with antenatal sonog-
raphy this rare anomaly may be detected before 
birth, providing an advantage to both parents and 
providers to prepare them for future intervention. 
A much more common application of ultrasonog-
raphy initially described by Miskin et al. has 
revolutionized imaging of the testes, particularly 
with use of color Doppler to assess testicular fl ow 
and gray scale to evaluate testicular masses, tor-
sion, or infl ammation [ 49 ,  50 ].  

    Nuclear Imaging 

 Nuclear medicine imaging surfaced in the 1960s 
and was initially performed with a rectilinear 
scanner and 131 iodohippurate sodium (Hippuran 
131) to demonstrate renal function more than to 
evaluate renal anatomy. In the next decade, the 
Anger gamma camera replaced the rectilinear 
scanner; technetium-based isotopes such as 
Tc-diethylenetriaminepentaacetic acid (DTPA) 
and Tc-dimercaptosuccinic acid (DMSA) came 
into use [ 51 ]. These agents had a much shorter 
half-life and more favorable photopeak for imag-
ing, so both renal anatomy and function could be 
effectively studied [ 20 ]. The primary benefi t of 
nuclear medicine techniques was seen in the lim-
ited pharmacologic, toxic, osmotic, allergic, and 
hemodynamic effects associated with  radiotracers 

as compared to contrast agents. In the late 1970s 
and early 1980s, several studies highlighted the 
utility of DMSA in detecting renal scarring, par-
ticularly in children with a known history of uri-
nary tract infection. The IVP and renal ultrasound 
were surpassed by DMSA, in providing a distinc-
tion between normal and abnormal renal tissue 
[ 52 ,  53 ]. By the late 1980s a few medical institu-
tions routinely employed nuclear medicine meth-
ods to investigate genitourinary pathology in 
children, but soon thereafter nuclear imaging 
became more routinely available and came into 
wide use by pediatric urologists.  

    Computerized Tomography 

 Computerized tomography (CT) was originally 
developed in the 1970s and went through a num-
ber of iterations before it became the standard for 
assessing renal masses, diagnosing renal infl am-
matory disease, and evaluating renal trauma in 
the 1980s [ 54 – 58 ]. Cross-sectional imaging 
began to replace IVP as the primary imaging 
modality to assess renal pathology in the early 
1990s and effectively extended to three- 
dimensional imaging of the arterial system. 
Smith et al. fi rst described noncontrast CT to 
evaluate patients with renal colic, allowing quick 
assessment without use of contrast agents and 
better sensitivity for radiolucent stones as com-
pared to IVP [ 59 ]. CT urography has become the 
preferred imaging method over the last 15 years 
for assessing the upper tracts in hematuria 
workup [ 60 ]. While CT scan may be the study of 
choice in certain clinical scenarios, we believe it 
should be used very sparingly in children since 
radiation doses from CT are cumulative over the 
life of an individual [ 61 ,  62 ].  

    Magnetic Resonance Imaging 

 Urologic magnetic resonance imaging (MRI) 
entered the urologic armamentarium in the early 
1980s and became readily available by the end 
of the decade [ 63 – 66 ]. This is particularly use-
ful in patients with adverse reactions to iodinated 
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contrast, although at its beginning the modality 
was too slow and expensive for routine use. For 
evaluating children with renal disease, MRI was 
initially deemed a limited study, and recommen-
dations were made that it be used as an adjunct to 
other imaging modalities such as ultrasound [ 67 ]. 
In 1991 Sigmund et al. described RARE (Rapid 
Acquisition with Relaxation Enhancement) MRI 
in children, a technique thought to delineate the 
upper tract so well as to replace the IVP and other 
routine studies at the time. However, due to the 
lack of information RARE MRI could provide 
with respect to renal function and vesicoureteral 
refl ux, in addition to its cumbersome methodol-
ogy and restricted availability, it did not become 
a substitute for all other imaging studies [ 68 ]. 
Just over a decade later, advances in MR urog-
raphy (MRU) including gadolinium as a contrast 
agent allowed for a sophisticated study with 
detailed anatomical information as well as func-
tional assessment of the kidney and lower urinary 
tract [ 69 ,  70 ]. Attempts have been made to cor-
relate MRU fi ndings with those seen on diuretic 
renography, but a lack of standardized protocols 
results in limited accuracy and reproducibility 
among various institutions to date, although this 
will surely improve.  

    Future Directions 

 Pediatric uroradiography has evolved enormously 
over the last century, yet the search for the ideal 
imaging study continues. A number of special 
considerations in genitourinary imaging are 
unique to the pediatric population, such as cumu-
lative risks of exposure to ionizing radiation, 
occasional need for general anesthesia, and stress 
surrounding catheterization and immobilization. 
Imaging techniques that eliminate  radiation, 
restraint, sedation, and anxiety yet provide good 
functional and anatomic detail will win the day. 
Voiding urosonography, for example, is a radia-
tion-free imaging method that not only provides 
radiographic information about the presence and 
grade of vesicoureteral refl ux but may ultimately 
be more sensitive than VCUG [ 71 ]. While the list 
of developments in imaging over the past several 

decades is long, pediatric uroradiology continues 
to advance rapidly, providing pediatric and radi-
ologists alike with a number of tools to facilitate 
exceptional urologic care for children. 

 In few aspects of medicine is the link 
between the basic sciences (physics, chemis-
try, biology) and practical application to human 
health as visible and fruitful as in the story of 
genitourinary imaging. That link between the 
metaphoric “bench and bedside” is contingent 
upon information science, technology, an edu-
cated workforce, and entrepreneurial enter-
prise in a free society. Pediatric urologic 
imaging is a classic case study of the human 
mind over matter.     
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           Introduction 

 Ultrasound is the most common imaging 
 modality to study the genitourinary system in 
the pediatric population. While advances in other 
technologies further the ability to image the 
genitourinary tract, ultrasound has remained the 
imaging study of choice as it is noninvasive and 
involves no ionizing radiation, and the images are 
acquired quickly, in multiple planes in real time, 
without the need for sedation. There are portable 
units also available for clinical use. Ultrasound is 
a very advantageous imaging modality particu-
larly for the young child, whose potential lack 
of cooperation may not allow a second chance 
to obtain imaging of the possible abnormality. 
It is also a relatively more cost- effi cient imag-
ing modality, as compared to CT scan and MRI. 

As signifi cant numbers of prenatal ultrasounds 
are performed, many genitourinary abnormalities 
are being incidentally identifi ed, requiring post-
natal confi rmation. The postnatal ultrasound has 
proven invaluable in identifying those patients for 
which additional imaging studies such as voiding 
cystourethrogram (VCUG), nuclear renography, 
CT, and MRI are indicated. Many children may 
need serial studies throughout the childhood to 
follow an abnormality, such as hydronephrosis. 
Ultrasound can also help identify patients where 
no further imaging workup is necessary. It has 
been also proven to be invaluable in the assess-
ment of the acutely ill patient, being very highly 
sensitive and specifi c for certain diagnoses and 
can provide image guidance for procedures.  

    Background of Ultrasound 

 Ultrasound images are obtained by the interaction 
of sound waves with tissues and fl uid. The term 
ultrasound is used as the frequency of the sound 
waves utilized is above the level which the human 
ear can detect—above 20 kHz. Ultrasound has its 
history in the development of SONAR, which 
means Sound Navigation and Ranging. Sound 
waves were used to help localize depth, such as 
structure in a lake. The piezoelectric effect was 
discovered in the late 1880s by the Curie brothers. 
With the advent of SONAR, new concepts of the 
physics of sound waves were being explored and 
new uses discovered. In 1955, Dr. Ian McDonald, 
seeing the application of ultrasound in the  military, 
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worked with several individuals to develop this 
technology for obstetrical and gynecologic 
patients. There were handful of indications for 
ultrasound in medical imaging, but its use was 
limited by the technology of the period. 

 The basic ultrasound unit is composed of a 
transmitter, a transducer, an image display, and 
image storage system. There are three common 
types of sonographic image display used today 
(Fig.  2.1 ):
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  Fig. 2.1    ( a ) An example of an A-mode scan. The 
received echo amplitude is plotted against time of trans-
mission which is proportional to the depth. ( b ) In B-mode, 
the received echoes are displayed as a series of dots of 

varying brightness creating a two-dimensional image. ( c ) 
In M-mode, a diagram is created by graphing the received 
echoes on a plot of depth versus time (From Whittingham 
[ 2 ]. Reprinted with permission from Elsevier Limited)       
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   A-mode (amplitude mode) ultrasound obtains 
echoes along a specifi ed depth axis. After propa-
gation through the tissues, the echoes that are 
returned are graphically displayed with the 
amplitude of the echo versus time. This appears 
on the screen as spikes along a horizontal line. 
This mode is particularly useful in situations that 
knowledge of the depth of the interface is desired 
and can be used therapeutically [ 1 ]. 

 B-mode (brightness mode) ultrasound converts 
the received echoes into a series of dots of varying 
brightness, creating a two-dimensional grayscale 
image [ 2 ]. Early B-mode scanners required a 
patient to be placed in an immersion bath. In 1962, 
three men—Joseph Holmes, William Wright, and 
Ralph Meyerdirk— developed the compound con-
tact B-mode scanner, revolutionizing ultrasound 
imaging in health care. Several more advances in 
B-mode scanners were developed in the 1970s. 

 When real-time capability was developed 
in B-mode, this became the dominant form of 
 medical sonography. Real-time B-mode obtains 
information to create two-dimensional images 
that are used for the majority of medical imaging. 
For a given plane, multiple piezoelectric crys-
tals are arrayed, and sound waves are sent and 
received and are then integrated to produce a gray-
scale image. The spectrum of grayscale brightness 
that is displayed for each received echo corre-
sponds to the amplitude of the wave. The beam is 
rapidly and continuously reproduced and received 
to provide a dynamic, real-time image [ 1 ]. 

 M-mode (motion mode) ultrasound obtains a 
series of B-mode signals, which are then displayed 
along a time axis, allowing for evaluation of the 
motion of a structure [ 1 ]. Therefore, at specifi c 
known depths from the transducer, the echoes are 
translated as motion of that structure. Short seg-
ments of the data can be stored digitally and played 
back instantly. Most common uses for this mode 
would be for analyzing movements of the heart or 
in obstetrics to isolate the beating heart of a fetus.  

    Basic Concept of Ultrasound 

 The ultrasound wave is produced by applying 
short burst of alternating electrical current to 
special crystals known as piezoelectric crystals, 

housed in the transducer, also known as a probe 
(Fig.  2.2 ). The electric current causes heating 
and polarizing of the lead atoms that are loosely 
bound within a crystal matrix. The crystal will 
then expand and contract, converting electrical 
energy into an acoustic wave. This phenomenon 
of converting electric energy into a pressure/
sound wave energy and vice versa is known as 
the piezoelectric effect. Today these elements are 
commonly made from ceramic materials [ 3 ,  4 ].

   The frequency of the wave produced is depen-
dent on the pulses of electrical current and the 
plate thickness of the piezoelectric material. 
Typical frequencies of ultrasound waves, i.e., 
transducers used in urological exams, are between 
2.0 and 15 MHz, which are above the limits of 
human hearing. These acoustic waves are trans-
mitted into the patient by the transducer, with the 
aid of a coupling gel, when the transducer is 
placed on the body. The effi ciency of this process 
is improved by the presence of an impedance bar-
rier, the rubber surface present on the transducer. 
These sound waves can then be refl ected, 
refracted, scattered, or absorbed by the body. 

 The ultrasound wave is affected by the physical 
characteristics of the tissue through which it is 
propagated and then refl ected. As the wave travels 
through the body, ultrasound echoes are received by 
the transducer. These echoes are then converted 
back into electric energy, which are then processed 
and translated into an image on the screen.  

    The Principles and Physics 
of Ultrasound in the Body 

 The ultrasound wave is a mechanical wave. Its 
movement through tissue causes oscillation of the 
tissue in a longitudinal direction, propagating the 
mechanical wave. As the ultrasound wave moves 
through different types of tissues, i.e., density, the 
elements of the tissue will oscillate higher or lower 
in relation to its ambient state, without net motion. 

    Frequency 

 The number of waves or pulses occurring in 
time, i.e., seconds, and is expressed in Hertz 

2 Principles of Ultrasound
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(Hz). Wavelength (λ) describes the physical 
space that one pulse length occupies. Frequency 
and wavelength are inversely related because 
of their relationship to velocity (velocity = fre-
quency × wavelength). A higher frequency will 
result in a shorter wavelength and vice versa. For 
ultrasound imaging, the general ultrasound tis-
sue velocity or speed is given as a constant (c) at 
1,540 m/s [ 5 ,  6 ]. 

 Assuming constant velocity (c), the depth (D) 
at which the interface occurred can be calculated 
as D = c/2 x (time from pulse generated to echo-
detection). The number 2 refl ects that the wave 
traveled from the transducer to a point and the 
sound wave traveled back from that point, prior 
to being received by the transducer [ 4 ].  

    Amplitude 

 The maximum height or size that the wave trav-
els in the positive or negative direction. The clini-
cal signifi cance of the wave amplitude is that it 

corresponds to the energy contained in the 
mechanical wave. Energy is equal to the ampli-
tude squared. In clinical terms of the grayscale 
image, the amplitude affects the pixel brightness 
so that a greater amplitude wave produces pixels 
that are brighter [ 4 ].  

    Refl ection 

 There are two types of wave refl ections that occur 
and are received by the transducer that demon-
strate clinical signifi cance, specular echo and 
scatter echo. 

 When the transducer sends and receives a 
wave that is refl ected off a smooth/fl at surface, 
perpendicular to the angle of the moving sound 
wave, the echo is considered a specular or mirror-
like echo. The angle of refl ection will be equal to 
the angle of incidence keeping with Snell’s Law. 
This type of echo, the specular echo, is character-
istically refl ected with the highest intensity 
strength and directionality. Specular echoes are 
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(From Whittingham [ 2 ]. 
Reprinted with permission 
from Elsevier Limited)       

 

J.C. Rosen et al.



17

seen from the linings of hollow viscera, blood 
vessels, fascial planes, organ capsules, skin, and 
gas or bone surfaces. To help correct for the 
speckling characteristic seen in some tissues, a 
technique called compounding can be used. 
Compounding sends sound waves into the tissue 
from multiples angles. Sending compound waves 
enables better image contrast by combining spec-
ular echoes, so they are more likely to be detected 
which results in minimizing speckling. 

 When sound waves are refl ected off surfaces 
with irregularities, and the irregularities are simi-
lar in size to the wavelength of the sound wave, 
the energy of the wave is dispersed in all direc-
tions. This is known as scatter. The scatter echo 
returning to the transducer is therefore weaker 
and typically only detectible if several of the scat-
tered wavelets are superimposed to produce an 
additive effect. Scattering accounts for the tex-
tured appearance of a tissue type, which is a 
result of an interference pattern, and is referred to 
as speckling. This property gives parenchyma 
such as the liver or testicles their characteristic 
appearance and makes them distinguishable from 
other structures. However, it should be noted that 
there is a spectrum between specular echoes and 
scattering with most tissues demonstrating prop-
erties that fall between the two extremes.  

    Rarefaction 

 It should also be stated that when a sound wave 
pulse is sent from the transducer, the wave does 
not necessarily propagate in a uniform and linear 
manner. Rather, the wave pulse becomes distorted 
as it travels through the tissue medium with some 
areas of the pulse having higher frequency compo-
nents or harmonics corresponding to areas with 
increasing density of the medium. A portion of the 
wave would then travel faster than the rarefaction 
component of the wave which travels slightly 
slower. Rarefaction artifacts can occur therefore at 
the interface of two types of tissue as the angle of 
the sound wave is no longer linear. This can 
be seen at tissue interfaces such as fat and soft tis-
sue or at soft tissue fl uid interfaces. In the latter, 
the part of the beam that does not pass through the 

fl uid is less intense that those traveling through the 
fl uid structure. The difference in distortion is 
dependent on the initial sound wave intensity. The 
higher the acoustic power, the stronger the har-
monics, and therefore a greater difference between 
the weaker sections of the wave frequency can 
occur. Stronger areas of the beam are typically 
located in the central section of the wave beam. 
Additionally, since it takes a few cycles to ramp up 
the intensities, frequencies are also weaker within 
the fi rst few millimeters of tissue penetrated. 
Machines that fi lter out and select for a particular 
frequency produce a better image with improved 
contrast and counteract this distortion.  

    Absorption 

 The energy from the sound wave stimulates the tis-
sue particles to move, enabling the sound wave to 
be transmitted as an acoustic vibration. If the tis-
sue particles move in a cohesive and organized 
manner, then the vibration is transmitted effi -
ciently. However, if the particle movement 
becomes chaotic and disjointed, then the sound 
wave will become chaotic, and the energy from the 
sound wave will be lost and converted into heat. 
When sound wave energy is lost by this method, it 
is referred to as absorption. Absorption is greater 
when the percentage of large particles in the tissue 
is increased; thus, the tissue has a greater viscosity. 
Similarly, absorption is dependent on the fre-
quency of the sound wave with greater absorption 
occurring with higher frequencies. Per 1 cm depth 
of sound wave penetration, 1 dB is lost per 1 MHz 
transmitted. Thus, the higher the frequency, the 
more decibels are lost per centimeter of tissue 
causing the potential depth of penetration to be 
decreased. Since the speed of the sound wave trav-
eling through soft tissues is constant, the time 
delay of the refl ected sound wave can be used to 
calculate the depth of refl ected image.  

    Attenuation 

 Anytime energy is lost and not returned to 
the transducer it is referred to as attenuation. 
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Absorption is only one type of attenuation and 
was explained in the previous paragraph. Another 
type of attenuation occurs when the sound wave 
is refl ected or refracted in such a way that the 
wave is unable to be returned in the same plane as 
to be detected by the receiving transducer. When 
a sound wave crosses an interface between two 
different tissues, some of the wave’s energy is 
refl ected. The degree or proportion of the energy 
in the wave that is refl ected is dependent on the 
change in the tissue density across that interface, 
also known as the impedance mismatch. 

 Typically, only a small percentage of refl ec-
tion occurs with interfaces of similar tissues 
(<10 %). However, a tissue-gas interface leads 
to almost complete refl ection of the wave and 
with tissue-bone or tissue-calculus interfaces 
resulting in almost 60–75 % of the wave being 
refl ected. When this degree of refl ection occurs, 
an acoustic shadow is then created. The acoustic 
shadow prevents visualization of structures deep 
to this interface as there had been almost com-
plete refl ection of the sound wave. The dark band 
is caused as the tissue absorbs the sound wave 
faster than the background, and the area deep to 
the highly attenuating region appears dark. Fat, 
gas, and calcifi cations are especially associated 

with shadowing (Fig.  2.3 ). Calcifi cations that 
are smaller than 5 mm will demonstrate shadow-
ing when higher-resolution transducers are used. 
Similarly, aggregates of fi ne calcifi cations can 
shadow if their size and density is suffi ciently 
high. Another type of shadowing is known as 
edge shadows or edge artifact that appears as 
fi ne, dark lines extending deep to curved sur-
faces. These are commonly seen in isolated cysts 
or at the edge of a testis (Fig.  2.4 ).

    In contrast, there can be increased transmis-
sion when waves are less attenuated, such as 
transmission of sound waves through a simple 
cyst. The posterior wall of the cyst can artifi cially 
appear hyperechoic. This is known as through 
transmission (Fig.  2.5 ).

       Acoustic Impedance 

 This occurs at the interface of two tissue types, 
i.e., tissues with different densities. Part of the 
wave will be refl ected and part will continue lon-
gitudinally through the tissues. The more differ-
ent the tissues at the interface, the greater the 
contrast of the image obtained versus those of 
similar tissue density.  

  Fig. 2.3    Arrow pointing to 
a calculus ( white arrow ) in 
the distal right ureter 
demonstrating the phenom-
enon known as shadowing 
( green arrow )       
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    Acoustic Intensity 

 This is defi ned as the power per unit area of the 
 ultrasound pulse. The more ultrasound waves 
concentrated in a smaller area, the more the 
intensity of the sound waves and the more 
detailed the image. The larger the cross-sectional 
energy, the less intensity per unit area, the lower 
the amplitude.  

    Resolution 

 This is defi ned as the ability to distinguish two 
objects that are in close proximity to one 
another. There are two types of resolution, axial 

 resolution and lateral resolution, which are 
important in  generating the image. 

  Axial resolution  is the ability to differentiate 
between objects that are in the direction of the 
traveling wave or in front of one another. This 
property is dependent on the frequency of the 
sound wave. A higher frequency results in better 
image resolution due to the shorter sound wave-
length, allowing for differentiation of objects that 
are close to each other. However, higher frequen-
cies have more rapid attenuation as it passes 
through tissues, and resolution therefore is lim-
ited by depth. 

  Lateral resolution  is the ability to identify 
two separate objects that are next to each other. 
This characteristic is dependent on both the 
focus width of the ultrasound wave beam and 
the transducer. The narrower beam of focus for a 
particular depth enables better lateral resolution. 
For a larger beam of focus, i.e., scanned fi eld of 
view, the acoustic intensity is less resulting in 
less amplitude and less  resolution. Remember 
also the average velocity of a wave in human 
tissues is given as constant at 1,540 m/s, and a 
change in frequency equals a change in wave-
length [ 5 ,  6 ]. This ultimately affects the depth 
of resolution. At higher frequencies, shorter 
wavelengths are produced allowing better reso-
lution of more superfi cial structures. For deeper 
structures, longer wavelengths are required with 

  Fig. 2.4    Edge artifact is demonstrated on both the 
 superior and inferior edges of this testis ( red arrows )       

  Fig. 2.5    Cyst in left kidney 
mid pole demonstrates the 
phenomenon of through 
transmission ( arrow )       
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lower frequencies resulting in poor resolution. 
Typically for imaging structures such as the 
testicles or pediatric kidney, a higher frequency 
such as >7.5 MHz is used. But, for deeper struc-
tures such as the adolescent or adult kidney, 
3.5–5 MHz is preferred.   

    The Transducers 

 There are many types of transducers available, 
each with its own advantages and disadvantages 
that make it uniquely suitable for various clinical 
applications of tissue imaging (Fig.  2.6 ). There 
are two general types of transducer classifi ca-
tions: mechanical and electronic steering. The 
mechanical types, of which there are two, rotating 
and oscillating, require the beam to be swept to 
image. The electronic steering transducers gener-
ate the beam sweep electronically by activating 
the crystal elements sequentially. The transduc-
ers used for conventional day-to-day imaging in 
the medical fi eld are of the electronically steered 
category. The electronically steered transducers 
typically have a bandwidth of frequencies, such 
as 3–5 MHz or 6–15 MHz.

   Electronically arrayed probes are the most 
common type of probe and are benefi cial due to 
their compact size without moving parts. They 
contain an array of transducer elements but cur-
rently are limited to using frequencies below 
15 MHz. Most linear and curvilinear probes can 
consist of 128–256 narrow transducer elements; 
however, only approximately 30 adjacent ele-
ments will be used to send a pulse at one time 
[ 2 ]. After the pulse is transmitted and received, 
the beam steps the array by dropping an element 
from the end and adding an element to the oppo-
site end. Focusing at the depth of the scanning 
plane is achieved by fi ring of the outer elements 
in the group earlier than the central elements. 
The receiving of the focused beam is automati-
cally controlled to match the depth of the echo. 
For  initial reception, only 2–4 elements are used 
for closer targets, but as the target is deeper, the 
number of elements used to receive the returning 
echoes is increased. 

 Phased array probes scan in a sector fi eld of 
view. Typically, phased arrays contain an average 
of 128 narrow transducer elements, which are all 
used at one time for scanning the plane. After the 
initial transmission and reception, the beam is 

  Fig. 2.6    Three of the more 
commonly used transducers       
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steered at a new angle, and the elements are fi red 
at varying times to enable all elements to arrive at 
the same time at the targeted focus [ 2 ,  3 ]. A new 
focus automatically advanced along the scan line 
after each transmission. 

 Modern array probes typically combine both 
techniques of steeping and steering the fi ring ele-
ments. Trapezoidal or virtual curvilinear scans 
are examples of such probes. They have a fi eld of 
view similar to that of the curvilinear probed but 
without the disadvantage of the convex face. 

  Linear  array transducers produce sound waves 
parallel to each other and produce a rectangular 
image. The width of the image and number of 
scan lines are the same at all tissue levels. This 
has the advantage of good near-fi eld resolution. 
These typically have higher frequency band-
widths such as 9 or 6–15 MHz [ 3 ]. 

  Sector transducers also known as vector  array 
transducers have a small footprint and create a 
fanlike image that is narrow near the transducer 
and increase in width with deeper penetration. It 
is widely used in echocardiography but has been 
proven to be very useful scanning abdominal 
organs in small infants, such as the kidneys. 

  Curvilinear  array transducers can be thought 
of as a combination of the linear and sector trans-
ducers. The probe emits sound waves as a diverg-
ing fi eld of view, as wide as the linear array at the 
surface but fanning out with increasing depth. 
These often have frequencies of 2–5 MHz, as the 
advantage of a larger fi eld of view is at a greater 
depth from the probe. The density of the scan 
lines decreases with increasing distance from the 
transducer. 

 There are also multiple tools at the disposal of 
the sonographer on the machine—slider posts to 
control gain, the ability to add focal zones, con-
trol the frequency within the dynamic range of 
the transducer, zoom in on an image, and change 
the depth to mention a few. 

 Despite signifi cant advances in ultrasound 
technology, there are limitations to achieving 
optimal resolutions at greater depths. These limi-
tations prompted the development of intracavi-
tary probes such as transrectal probes for imaging 
the prostate and endovaginal probes for gyneco-
logical examinations. As these probes are now in 

much closer proximity to what were traditionally 
deep structures from an anterior abdominal wall 
approach, they are typically able to operate at fre-
quencies between 7 and 15 MHz and provide 
high-resolution images as the depth of penetra-
tion has been decreased [ 1 ,  3 ].  

    Overview of Common Ultrasound 
Real-Time B-Mode Imaging 

    Grayscale Ultrasound 

 Grayscale real-time B-mode is the most com-
monly used mode of ultrasonography. A two- 
dimensional image consisting of variations of 
gray coloration (brightness) is dependent on the 
amplitude of the refl ected sound wave. Strong 
echoes or large amplitude waves will be repre-
sented by shades near the white end of the spec-
trum, and weak echoes or waves having small 
amplitudes will correspond to shades in the 
black part of the spectrum. The position of 
the pixel is determined by the time it takes for 
the sound wave to be refl ected back to the trans-
ducer. With experience, practitioners are able to 
decipher normal and abnormal patterns of echo-
genicity for the specifi c structures and tissues.  

    Doppler Ultrasonography 

 Continuous wave Doppler enables motion to be 
captured such as blood cells traveling in vessels 
or particles of urine fl owing into the bladder seen 
as ureteral jets. The principle of capturing motion 
is derived from the knowledge that sound wave 
frequency will be changed based on the direction 
and velocity of moving objects relative to the 
observer, a phenomenon known as the Doppler 
shift. The frequency of the refl ected wave will 
be greater than the original frequency when con-
tacting an object moving towards the transducer. 
Similarly, the refl ected wave frequency will be 
smaller when contacting an objection moving 
away from the transducer. In continuous wave 
Doppler, therefore, the moving structure will 
refl ect the beam at different frequencies, which 
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are received by a parallel array of crystals. This 
then can be processed into an audible sound, 
with those of lower frequency registering a lower 
pitch/sound and higher frequencies a higher 
pitch/sound. Motion moving both towards and 
away from the transducer can be differentiated 
with color Doppler by assigning colors (conven-
tionally blue and red) to objects moving towards 
and away from the transducer that is then super-
imposed on the grayscale image.  

    Duplex Ultrasound 

 Pulsed color wave Doppler occurs when pulses 
of sound are transmitted and received by the 
same transducer. This allows for the ability to 
assess depth of where the signal originated [ 7 ]. 
This limits the ability to assess very fast mov-
ing objects accurately. When employing pulse 
wave color Doppler, a small sample is interro-
gated, i.e., a “gated” sample. The B-mode scan 
image may have to be periodically updated when 
in pulse wave mode to verify gate placement. 
The sample window or gate can be wider or more 
focused as needed. The wider the gate, however, 
the less chance to detect small amounts of fl ow 
(Fig.  2.7 ).

   Spectral Doppler refers to the graphic display 
of the changing velocities by a spectrum analyzer 
to aid in ease of interpretation. The spectral graph 
represents velocity on the vertical axis and time 
on the horizontal axis. Furthermore, the direction 
of fl ow towards the transducer is displayed above 
the baseline, and fl ow away from the transducer 
is depicted below. This can be done both for 
pulse wave and continuous color Doppler. The 
auditory signal again is processed so that one 
would hear a lower pitch hum sound for a slower 
moving vascular structure such as a vein as com-
pared to the higher pitch variability sound of an 
artery (Fig.  2.8 ).

   Power Doppler is another type of Doppler mode. 
Rather than assessing direction of fl ow or velocity, 
this mode assesses only intensity of signal. This is 
to aid for detection of blood fl ow in very small ves-
sels and can be helpful also when optimal angles of 
insonation cannot be performed [ 7 ]. 

 Attention to technique in the performance of 
Doppler imaging is paramount. The accuracy of 
the measured fl ow velocity is very dependent on 
the angle of the transmitted sound wave beam. 
The beam angle must measure the fl ow velocity 
at less than 90°, as the accuracy of the velocity is 
inversely proportional to the beam angle [ 7 ]. The 
reported error of a beam measured without an 

  Fig. 2.7    Pulsed wave 
Doppler with  color image  
aiding the placement of the 
sampling window to obtain 
an arterial tracing in a 
testicle. The fl ow is towards 
the transducer with the 
spectral waveform displayed 
above the baseline       
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angle (0°) to the fl ow is minimal; however, angles 
measured at 60° and greater from the fl ow have 
large amounts of error and should not be used [ 5 ]. 
Additionally, the technologist/physician must 
ensure that the appropriate scale, wall fi lter, and 
PRF (pulse repetition frequency) are utilized, 
dictated by the type of exam and indication to 
optimally obtain Doppler signal.   

    Methods to Improve Image Quality 

 There have been many advances in the mechanics 
of ultrasound, to enhance image quality. To dis-
cuss all of the various technologies is beyond the 
scope of this chapter, but the more common 
advances to improve image quality in use and 
being evaluated are as follows: 

  Time Gain Compensation : TGC refers to the 
process where the received signals are all uniformly 
preamplifi ed by application of depth- dependent 

echo gain factors so that the end result is that essen-
tially the same type of refl ective structures, regard-
less of depth, will have the same level of brightness. 
This process compensates for the attenuation of 
sound waves of deeper  structures, allowing for visu-
alization of both near-fi eld and far-fi eld structures at 
the same time. This is known also as swept gain and 
depth gain compensation [ 4 ]. 

  Tissue Harmonics : This process takes advan-
tage of the natural creation of harmonic wave-
forms within the soft tissues of the body. It 
was discovered by accident from experiments 
with microbubble contrast agents in ultrasound. 
During those experiments, it was noted that the 
tissue would generate a multiple of the fundamen-
tal wave and these harmonic waveforms could be 
received by the transducer. Stronger harmonic 
signals were generated at greater tissue depths, 
i.e., farther from the skin surface. Therefore, there 
is less artifact present from near- fi eld  acoustic 
refl ective surfaces. As these received signals 

b

a  Fig. 2.8    ( a ) Color Doppler 
image of the testes.  Blue  
represents fl ow away from 
the transducer;  red  
represents fl ow to the 
transducer in a different 
patient ( b ) power Doppler 
image which does not 
refl ect direction but only the 
presence of Doppler fl ow       
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are generated by the body, there is less tissue to 
travel through resulting in a better signal-to-noise 
ratio. The beam itself is also narrower than the 
fundamental beam resulting in superior lateral 
resolution in the far fi eld as compared to the fun-
damental beam. These factors result in sharper 
imaging at greater depths. Due to limitations of 
most commercially available transducers, it is the 
second harmonic wavelength which is twice the 
wavelength of the fundamental, i.e., transmitted, 
wavelength that is utilized [ 4 ]. 

  Spatial Compounding : This process obtains 
information from several different angles of 
insonation and combines them to produce a sin-
gle image. For a linear transducer, the multiple 
parallel lines would be obtained in several ori-
entations. The echoes of the multiple acquired 
signals in the different orientations are then aver-
aged, and a compound image is generated. This 
leads to less artifact including speckle and noise, 
thereby improving resolution [ 4 ]. 

  Chip Encoding : One way to overcome the limi-
tation inherent to higher frequencies and maintain 
resolution for greater depths is to use a method to 
transmit coded pulses. Such pulses are produced 
for a longer duration, and the frequency of each 
pulse is increased to a peak during the generation 
of the pulse. A scanner is used to condense these 
long pulses down into shorter pulses by utilizing a 
matched decoding fi lter. The result of the conver-
sion is improved spatial resolution at greater 
depths by reducing the signal-to-noise ratio [ 4 ]. 

  Ultrasound Contrast Agents : These agents have 
been in use for some time in Europe and Japan 
and are gaining popularity in the United States, 
with several investigations under way [ 8 ]. These 
contrast agents consist of microbubbles of air or 
perfl uorocarbon gas stabilized by a protein, lipid, 
or polymer shell. The half-life of the bubble is a 
few minutes, enough to assess blood fl ow in the 
lesions in the liver or kidney, for example. As the 
gas diffuse out of the bubble, the bubble itself dis-
solves. It has also been used to detect vesicoure-
teral refl ux [ 9 ]. Although US contrast material has 
been approved for clinical use for cardiac diagno-
sis in the United States for a number of years, its 
use for other radiologic indications, including uro-
radiologic, is currently under  investigation [ 8 ,  9 ].  

    Performing GU-Indicated 
Ultrasounds in Children 

 Ultrasound imaging is performed in children for 
the purposes of investigation, screening, or sur-
veillance (Table  2.1 ). It is important for the ultra-
sound to be performed in a systematic and 

   Table 2.1    Indications for ultrasound in children   

 Renal and bladder 
  Investigation 
   Febrile urinary tract infection 
   Recurrent nonfebrile urinary tract infections 
   In utero anomaly of the urinary tract 
   Flank pain or renal colic 
   Palpable abdominal or pelvic mass 
   Hypertension 
   Hematuria 
   Proteinuria 
   Azotemia 
   Voiding dysfunction 
  Screening 
   Single umbilical artery 
   Family history of polycystic kidney disease 
   Hemihypertrophy 
    Syndrome associated with renal involvement 

(i.e., tuberous sclerosis, CHARGE, VACTERL, 
WAGR) 

  Surveillance 
   Hydronephrosis 
   Vesicoureteral refl ux 
   Nephrolithiasis 
   Renal cystic disease 
   Neurogenic bladder disease (i.e., myelodysplasia) 
    Obstructive uropathy (i.e., posterior urethral 

valves) 
 Scrotal 
  Palpable or possible intrascrotal mass 
   Tumor (benign or malignant) 
   Spermatocele/epididymal cyst 
   Hernia 
   Hydrocele 
   Varicocele 
  Undescended testis 
  Testicular microlithiasis 
  Acute scrotal pain and/or swelling 
   Torsion of the spermatic cord 
   Torsion of the testicular appendages 
   Epididymo-orchitis 
   Henoch-Schonlein purpura 
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standard fashion in order to yield a reproducible 
and clinically relevant study. While this principle 
is true for all imaging studies, it is particularly 
important in ultrasound as each study may vary 
with the skill and technique of the person per-
forming the study.

    Renal Ultrasound : The kidney is one com-
ponent of a complete retroperitoneal ultrasound 
study. The other components include the abdom-
inal aorta, origins of the common iliac arteries, 
the inferior vena cava, and any abnormalities 
encountered. The kidneys are imaged in both the 
longitudinal and transverse planes starting with 
the child in the supine position (Fig.  2.9 ). Asking 
the child to take a deep inspiration may improve 
visualization of the kidney, by causing it to move 
caudally below the ribs. In the young child or 
one who cannot follow such commands, a bolster 
placed under the fl ank or positioning the child 
on the side with the ipsilateral arm raised above 
the head may help open up the space between the 
ribs and the iliac crest which may allow for a bet-
ter imaging window to access the kidney. If nec-
essary, one can also try to image the child in the 
prone position to access the kidney between the 
ribs (Fig.  2.10 ). The right kidney is commonly 
imaged along the anterior axillary line, using 
the liver as an acoustic window. The left kidney 
is imaged along the mid- and posterior axillary 
lines, using the spleen as an acoustic window. 
Imaging is generally performed with a curved 
linear array probe using frequencies of 4–8 MHz 
for children under 18 months and 3.5–5 MHz 

probes for older children. The kidney’s location, 
orientation, axis, size, echogenicity of paren-
chyma compared to the liver, and corticomedul-
lary differentiation are documented (Fig.  2.11 ). 
Any abnormalities of contour, duplication of 
the collecting system, visualization of proximal 
ureter, and the presence of stones, hydronephro-
sis, cysts, or masses should be evaluated and 
described. The physician and technologist must 
be aware of the unique features of a neonatal 
kidney as compared to older children and adults. 
There are standard charts that can be referred to 
regarding mean renal length by age [ 3 ].

      Bladder : The bladder is the major but not the 
only component of the pelvic ultrasound, which 
also includes the surrounding organs such as rec-
tum, ovaries and uterus in girls, and prostate and 
seminal vesicles in boys. The bladder is imaged 
with the child in the supine position, commonly 
using a sector array probe using 4–8 MHz for 
children less than 18 months and curved array 
3.5–5 MHz for older children. The bladder should 
be imaged in two orthogonal planes, traditionally 
transverse and longitudinal/coronal, with the 
bladder adequately distended. The bladder wall 
thickness is evaluated, as well as the intraluminal 
and extraluminal structures, noting if abnormali-
ties such as dilated distal ureters, ureteroceles, 
abnormal echoes within the bladder, or a dilated 
proximal urethra known as the keyhole sign are 
present. Normal structures are documented as 
well such, as the uterus and ovaries, stool in rec-
tum, and the prostate and seminal vesicles, and 

  Fig. 2.9    Curvilinear ultrasound probe used during performance of a renal ultrasound. The probe is placed in the 
 transverse ( left ) as well as sagittal ( right ) planes       
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a

c d

b

  Fig. 2.10    Images ( a ) and ( c ) are obtained with pt in stan-
dard supine position with bowel gas obscuring portions of 
the kidneys. Same patient images ( b ) and ( d ) were 

obtained in the prone position with a bolster with 
improved visualization of the kidneys and more accurate 
measurements       

  Fig. 2.11    Image of the 
right kidney in a child. 
There is corticomedullary 
differentiation with the 
medullary pyramids 
appearing as slightly darker 
triangular regions in the 
cortex. The renal sinus is 
more echogenic due to the 
presence of renal sinus fat       

 

 

J.C. Rosen et al.



27

note is made if and how much free fl uid is present 
posterior to the bladder. The transverse images 
are captured moving the probe caudally from the 
pubis to the umbilicus in 1–2 cm intervals. The 
longitudinal images are obtained moving from 
the midline in either direction at 1–2 cm inter-
vals. Measurements recorded are the maximum 
height and width of the urine-distended bladder 
in the transverse plane and the length in the sagit-
tal plane. Bladder volume can be determined by 
multiplying height, width, and length obtained by 
0.65 – the standard formula of volume of an ellip-
soid. Similarly, it is important to perform the 
study after voiding to assess the post-void resid-
ual or the presence of abnormalities suppressed 
by a distended bladder (Fig.  2.12 ). The color 

Doppler mode can be employed in the general 
region of the ureteral orifi ces along bladder fl oor 
to detect ureteral jets, i.e., effl ux of urine into the 
bladder [ 1 ,  3 ] (Fig.  2.13 ).

     Scrotum : The scrotal examine includes imag-
ing of the testis, epididymis, and the spermatic 
cord and the scrotal wall. This evaluation is per-
formed with the child in the supine position and 
the scrotum supported by a folded towel placed 
between the thighs. In older children and adoles-
cents, the penis is positioned suprapubically and 
held in place with a second towel or by the patient. 
Scanning is performed using a high- frequency 
linear transducer such as 6–15 MHz. Both testes 
and epididymis should be compared together for 
size, echogenicity, and vascularity in the trans-

  Fig. 2.12    Transverse 
images of the bladder. 
The  top image , taken prior 
to voiding, demonstrates 
calculation of the ladder 
volume using three 
dimensions that can be 
related to expected bladder 
volumes for age. The  bottom 
image  demonstrates 
adequate emptying of the 
bladder of the same child       
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verse and longitudinal axis (Figs.  2.14  and  2.15 ). 
Note should be made of any abnormal echotex-
ture, mass, and presence or absence of hydrocele 
or varicocele. Spectral Doppler  analysis of the 

bilateral intratesticular vasculature should be per-
formed when indicated. In patients presenting 
with acute scrotum, the asymptomatic side should 
be scanned fi rst so that grayscale and color 

  Fig. 2.13    Images of the bladder. Color Doppler can be employed to help identify ureteral jets       

  Fig. 2.14    Normal scrotal ultrasound. The  left image  demonstrates a sagittal view of the testis and the head and tail of 
the epididymis. The  right image  demonstrates a transverse view documenting the presence of two homogeneous testes       
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Doppler gain settings are set as the baseline for 
comparison to the affected side. It is important 
that the parameters for both color Doppler and 
spectral Doppler imaging are set appropriately in 
order to optimally evaluate the intratesticular ves-
sels, which can be very challenging in the prepu-
bertal patient. These parameters may need to be 
set at low PRFs and low wall fi lters in order to 
document blood fl ow [ 3 ]. If a varicocele is sus-
pected, the exam should be performed during a 
Valsalva maneuver and/or by placing the child in 

the upright position to optimize the chance of 
detecting the venous distention.
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           Introduction 

 While computerized tomography (CT)  urography 
has been a mainstay for the imaging of the geni-
tourinary (GU) tract in adults, it has been used 
less frequently in children due to concerns for 
the radiation dosages and the differing disease 
processes. Plain x-ray imaging, ultrasonography, 
voiding cystourethrography (VCUG), nuclear 
scintigraphy, and magnetic resonance (MR) urog-
raphy continue to be the most commonly utilized 
diagnostic imaging methods for assessment of 
the pediatric genitourinary tract. However, as 
CT techniques have become more refi ned and 
the associated radiation dosages have continued 
to decrease, the use of CT urography in chil-
dren appears to be expanding as well. Common 

 indications for CT urography in children include 
the evaluation of urinary tract stones, tumors, uri-
nary tract infections/infl ammation, trauma, and 
hydronephrosis. In addition, the use of CT urogra-
phy has been used to delineate anatomic variations 
associated with GU anomalies that are unable to 
be adequately assessed by the other modalities. 
Although functional assessment of the kidneys 
is possible with CT urography, its usage in chil-
dren continues to be low due to the relatively high 
radiation dosages and because of MR urography’s 
ability to evaluate the anatomy in a radiation- free 
manner. However, there remain a small number of 
infants and children who cannot be safely sedated 
for MR urography where CT urography may be a 
good alternative due to its excellent spatial resolu-
tion and short scan time requirements. In general, 
CT urography protocols in infants and children 
are based on body mass index, age, and weight 
to calculate contrast amounts and radiation dos-
ages that are as low as possible in adherence to the 
“As Low As Reasonably Achievable” (ALARA) 
principles and “Image Gently” guidelines and the 
minimal use of multi-series imaging [ 1 ].  

    Radiation Dosages 

 The US FDA has recognized the risks of  radiation 
exposure in children and currently recommends 
the reduction of unnecessary radiation exposure 
from medical imaging studies such as CT scans. 
Therefore, radiation exposure associated with 
GU tract imaging in children continues to worry 
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pediatric health care providers and  parents and 
has led to a continuing effort to reduce radiation 
exposure in children to the minimal amounts nec-
essary [ 2 ]. While the radiation dosage for a single 
plain abdominal x-ray (KUB) may range from 
0.2 to 0.7 milliSieverts (mSv), excretory urogra-
phy dosages range from 3 to 5 mSv [ 3 ]. The aver-
age radiation dosages for an unenhanced CT 
urogram are relatively low at 2–3 mSv on aver-
age, but they can be reduced to less than 1 mSv in 
many children. The radiation dosages for a two-
phase CT urography with and without IV contrast 
can average 16 mSv, while those of a triple-phase 
CT urography can average 22 mSv. As a result, 
the usage of multiphase or functional CT urogra-
phy in children is usually minimized, where 
functional assessment of the urinary tract, and 
especially the kidneys, is usually determined by 
other diagnostic modalities such as MR or nuclear 
scintigraphy. For select cases, CT urography is 
utilized when fi rst-line diagnostic modalities are 
inconclusive.  

    CT Radiation Dosage Calculations 

 The reporting of CT dosages in children is now a 
legal requirement, and there are several method-
ologies in which CT radiation dosage calcula-
tions are performed. CTDI 100 is the CT radiation 
dosage measured in a phantom from a single 
axial scan over 100 mm in length within the ion-
ization chamber. CTDIw is the average measured 
dosage at different locations in the axial scan 
plane since the dosage can be uneven within 
varying planes of tissue thickness:

  

CTDIw CTDI center

CTDI surface.

= ( )
+ ( )
1 3 100

2 3 100

/

/    
  This is proportional to absorbed radiation 

dose independent of scan length. CTDIvolume 
(CTDIvol) is the dose variation in the Z plane related 
to spatial distance between adjacent scans and table 
speed, i.e., pitch, where pitch is the travel distance 
of the CT scanner table during a 360° rotation of 
the x-ray tube divided by x-ray beam collimation 
(equivalent to slice thickness). CTDIvol = CTDIw/
pitch and is described in  milligray (mGy) units. 

Therefore, when the pitch equals 1, then CTDIvol 
equals the CTDIw. Dose- length product (DLP) 
describes the length of the object being radiated 
and is proportional to the effective radiation dose. 
DLP = CTDIvol × length of radiated object and is 
described in mGy-cm units.  

    Multidetector CT (MDCT) Imaging 

 Multidetector CT (MDCT) imaging has been one 
of the most important recent advances in pediat-
ric GU imaging [ 4 ]. Its short scan times have led 
to reductions in motion artifact and the avoidance 
of sedation. MDCT imaging also allows for the 
overlap of images from a single exposure, the 
reconstruction of images in different planes with 
creation of 3D projections, and the ability for 
precise timing of peak vascular and organ phase 
enhancement, which have led to major improve-
ments in CT imaging for pediatric GU evalua-
tion. As a result, MDCT imaging has greatly 
reduced the need for pediatric GU angiography. 
In addition, MDCT imaging provides subcenti-
meter resolution and therefore renders it more 
useful for pediatric GU tract imaging than MR 
imaging in this respect. Furthermore, bundled 
infants and children above 3 years of age can 
usually tolerate the short scans without the need 
for sedation, while children who may not be ini-
tially tolerant can often proceed through the short 
scan times with the help of parental coaching and 
avoid the need for sedation.  

    MDCT Technical Aspects 

 For MDCT imaging, the CT parameters should 
be set at ALARA (As Low As Reasonably 
Achievable) settings using weight or body 
mass index (BMI) criteria. The   www.pedrad.
org     website can give up-to-date information on 
settings for a particular type of CT scanner. In 
general, patients less than 45 kg in weight need 
an 80 peak kilovoltage (kVp) dose setting, while 
larger patients need 100–120 kVp dose. The mil-
liamperage (mAs) settings for abdominal CT 
imaging based on weight are as follows:
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   Weight <10 kg: 50 mAs  
  10–15 kg: 60 mAs  
  16–25 kg: 70 mAs  
  26–35 kg: 90 mAs  
  36–45 kg: 100 mAs  
  45 kg: >120 mAs    

 Since pitch is defi ned as the travel distance 
of the CT scanner table during a 360° rotation 
of the x-ray tube divided by x-ray beam collima-
tion (equivalent to slice thickness), a patient’s 
typical radiation dose will be inversely related 
to the pitch. Pitches of 1–2, where the table feed 
is greater than the collimation, lead to decreases 
in radiation dosage by 50 % but with associated 
loss of resolution. For a 16-row MDCT scanner, 
the collimation is 0.75–1.5 mm with a pitch of 
1–1.5. For a 64-row MDCT scanner, the collima-
tion is 0.63 mm–1.25 mm with pitch of 1–1.5. CT 
scan times are usually set at 0.5 ms or less such 
that CT urography which includes the abdomen 
and the pelvis has scan times of less than a min-
ute and often take only a few seconds. Although 
the axial slice thicknesses are often 0.63 mm 
or less, the images are often reconstructed at a 
wider thickness between 2.5 and 5 mm, which 
decreases noise artifact. Multiplanar reconstruc-
tion (MPR) in coronal and sagittal planes can 
provide additional information on the anatomy. 
Occasionally, maximum intensity projections 
(MIP) can be performed in the coronal plane and 
can provide intravenous pyelogram-like images. 
Three- dimensional (3D) thick slab reconstruction 
including 3D thick slab MIP imaging can also be 
performed if further anatomic detail is necessary. 

 Nonionic intravenous contrast is generally 
preferred over ionic contrast, since it is associ-
ated with less discomfort at the injection site and 
less risks for allergic reaction, nausea, vomiting, 
and fl ushing. Intravenous contrast can be given 
by hand injection or mechanical power injector, 
with an injection rate of 3–4 ml/s with 20-gauge 
intravenous access and 1–1.5 ml/s with 24-gauge 
intravenous access. The intravenous contrast dose 
in general is 2 ml/kg up to 125 ml maximum. 
Oral contrast can be a negative contrast agent 
(dark appearing) such as water or Pedialyte or 
a positive contrast agent (dense appearing) such 
as diluted Gastrografi n or nonionic IV  contrast 

material mixed with liquids such as water, juice, 
Gatorade, or soda. The positive contrast is mixed 
such that 15–30 ml of contrast is added to a total 
liquid volume of 1,000 ml and then prescribed 
to the patient for oral consumption with volumes 
based on age. The oral contrast volume is pref-
erably given at least 1–2 h before the scan and 
 additionally about 15 min prior to the scan as 
follows:
   <1-month-old: 60–90 ml initially followed by 

30–45 ml  
  1-month-old to 1-year-old: 120–240 ml initially 

followed by 60–120 ml  
  1–5-year-old: 240–480 ml initially followed 

by 120–180 ml  
  6–12-year-old: 480–1,000 ml initially followed 

by 180–500 ml  
  >12 years old: 1,000 ml initially followed by 

500 ml    
 For optimal CT urography, the patient should 

void just prior to the scan or undergo bladder 
catheterization to eliminate functional effects on 
the renal parenchyma and collecting system due 
to transmitted bladder pressure effects.  

    MDCT Imaging Phases 

 Noncontrast CT imaging is often utilized to 
detect urinary tract stones and for characteriza-
tion of a kidney lesion (calcifi cation, simple 
cystic fl uid, proteinaceous fl uid, solid, etc.). If a 
lesion is less than 5 mm in diameter, the deter-
mination of some lesions can be less sensitive. 
In addition, noncontrast CT imaging can be 
used for suspected bladder perforation to sepa-
rate out radiodense fl uid such as blood and other 
radiodense material from extravasated contrast 
during a CT cystogram study. 

 When intravenous contrast is used, there are 
usually four phases of contrast CT urography: 
the  arterial phase  begins between 15 and 25 s 
after the injection with delineation of the arter-
ies. This phase can be programmed as a timed 
bolus or as a “bolus trigger” where the CT scan-
ner begins scanning once the attenuation read-
ings of the aorta hit a threshold value of 120 
Hounsfi eld units (HU). In this phase, there may 
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be early renal cortex enhancement as well. The 
 corticomedullary phase  (cortical phase) begins 
approximately 30–40 s after the injection and cor-
responds with the late arterial phase with sharp 
cortical enhancement and visually nondetectable 
or minimal medullary enhancement (Fig.  3.1 ). 
This phase is used to assess veins, arteries, renal 
masses, cysts, infection, and trauma. However, 
it is not entirely reliable in visualizing some 
masses or infections, including fungal infections. 
The  nephrogenic phase  (medullary or tubular 
phase) begins approximately 75–120 s from the 
start of contrast injection and is the most reli-
able for the assessment of parenchymal lesions 
(Fig.  3.2 ). However, this phase may not allow 
detection of early enhancing lesions such as renal 
cell carcinoma foci or certain vascular malfor-
mations. In this phase, there is uniform paren-
chymal enhancement throughout the kidneys 
without excretion into the pelvicalyceal system. 
In addition, urothelial pathology can occasion-
ally be appreciated during this phase as well as 
during the corticomedullary phase. The  excretory 
phase  occurs approximately 3–5 min after injec-
tion, but a longer scan time delay until 5–15 min 

after injection can be utilized to allow for 
improved visualization of the pelvicalyceal sys-
tem and ureters. The parenchymal enhancement 
decreases during this phase, which is often help-
ful in assessing anatomic anomalies, obstructing 
lesions of the collecting system and ureters, non-
calcifi ed fi lling defects, and urothelial pathology.

        Anatomy/Variations 

 Examples of CT imaging in the genitourinary tract 
have been included below. Subsequent chapters will 
provide further imaging details by organ system. 

 CT imaging of the GU tract usually involves 
the recognition of normal relevant anatomy and 
its variations. The renal margins may be smooth 
or lobulated (fetal lobulations) in areas of renic-
ular fusion, where fetal lobulations can be dif-
ferentiated from renal scarring in that they 
maintain their overall cortical thickness. The 
perinephric fat is generally minimal in children. 
The renal capsule usually cannot be separately 
identifi ed from the rest of the renal tissue by CT. 

  Fig. 3.1    Contrast CT image of the kidneys – early phase         Fig. 3.2    Contrast CT image of the kidneys – late phase       
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The renal arteries branch from the aorta just 
below the superior mesenteric artery and split 
into its dorsal and ventral branches at the hilum. 
The renal veins are usually anterior to the arter-
ies with the left renal vein coursing anterior to 
the aorta before reaching the inferior vena cava, 
although vascular anomalies are possible such as 
a retroaortic left renal vein anomaly or the “nut-
cracker” compression anomaly of the left renal 
vein between the superior mesenteric artery and 
the aorta which may be a source of hematuria. 
Prominent enhancing columns of Bertin that are 
identifi ed as potential renal masses sonographi-
cally can be differentiated by CT as normal 
enhancing parenchyma. Though perinephric fat 
is usually minimal in children, it can become 
more prominent in children on steroid therapy, 
obese patients, immobile patients, patients with 
neuromuscular disorders, and patients with met-
abolic disorders. The perinephric fascia 
(Gerota’s fascia) surrounds the space containing 
kidney, adrenal gland, renal pelvis, and proximal 
ureter. The posterior pararenal space is marked 
by the posterior renal fascia, psoas, and quadra-
tus muscle, while the anterior pararenal space is 
bordered by the posterior parietal peritoneum, 
lateral conal fascia, and anterior renal fascia. 
The ureters course anteromedial to the psoas 
muscle in the abdominal cavity. In the pelvis, at 
a level just below the iliac vessel bifurcation 
near the level of the iliac crest, the ureters drape 
over the iliac artery initially and then course 
medial to the iliac vessels, which are medial to 
the iliopsoas muscle, before entering the trigone 
area of the bladder posteriorly.  

    Examples of Congenital Anomalies 

 CT can be very helpful in differentiating congen-
ital anomalies of the kidneys, such as renal agen-
esis, renal ectopia, cross-fused kidneys, and renal 
aplasia/dysplasia in which there is small non-
functioning poorly differentiated kidney tissue 
such as with an involuted multicystic dysplastic 
kidney (MCDK) (Fig.  3.3 ). With renal agenesis 
or ectopic kidneys, the adrenal gland appears 
elongated rather than lambda- or delta-shaped.

   Horseshoe kidney anomalies are most often 
associated with fusion at the lower poles by an isth-
mus of functional renal tissue or occasionally 
fi brous tissue (Fig.  3.4 ). The isthmus width is on 
average less than 1/3 the length of the kidney and is 
anteriorly located against the spine, which makes it 
prone to microtrauma and hematuria. The kidney 
location is still relatively within the renal fossa 
with the longitudinal axis of the kidney coursing 
laterally to medially opposite the normal axis. The 
renal pelvis is usually anteriorly oriented which 
can lead to hematuria from kidney trauma, uretero-
pelvic (UPJ) obstruction, and occasional urinary 

  Fig. 3.3    Duplex left kidney with involuting upper pole 
system       

  Fig. 3.4    Horseshoe kidney       
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stone formation. The arterial supply of the isthmus 
can be visualized with CT imaging and is often 
supplied by an accessory renal artery directly off 
the lower aorta below the main renal artery takeoff 
or occasionally a branch from an iliac vessel.

   In addition, renal duplication anomalies are well 
visualized by CT imaging (Fig.  3.5 ). They are more 
commonly partial but can range from completely 
bifi d renal pelvis to complete renal duplication with 
fusion of the duplicated ureters distally. Complete 
duplicated systems usually have ectopic ureteral 
insertion of the upper pole ureter inferomedial to 
the normal inserting lower pole ureter (Weigert-
Meyer rule), and the upper pole system may be 
associated with a ureterocele. CT imaging can also 
delineate the ectopic insertion of a ureter to the 
vagina, seminal vesicles, epididymis, or urethra.

       Urinary Stones/Nephrocalcinosis 

 While urinary stone formation is less com-
mon in children than in adults, CT is still used 
preferentially for its diagnosis [ 5 ]. Unenhanced 
CT’s advantages over MRI include superior 

spatial resolution and the ability to visualize 
 calcifi cations. CT’s advantage over ultrasonogra-
phy is its ability to visualize ureteral stones that 
can be obscured by bowel gas. CT can be used 
to assess presence, size, and location of stones, 
but it is also helpful in detecting the sequelae of 
urinary stones including hydroureteronephrosis, 
perinephric stranding with obstructed lymphatic 
drainage, renal enlargement, and urinoma. 

 Nephrocalcinosis can be confi rmed with unen-
hanced CT when ultrasonography has diffi culty 
in separating renal hilar echogenic fat from neph-
rocalcinosis (Fig.  3.6 ) [ 6 ]. Faint or relatively 
dense medullary calcifi cations are easily seen by 
CT imaging, and CT imaging can demonstrate 
associated urinary milk of calcium depositions 
within the collecting system which are usually 
not appreciable by ultrasonography.

       Pyelonephritis/Renal Scarring 

 Although CT is not generally used for the assess-
ment of urinary tract infection/pyelonephritis, CT 
imaging occasionally is used to assess for com-
plications of pyelonephritis including pyonephro-
sis and intrarenal/perirenal abscess [ 7 ]. Often CT 
imaging for the workup of generalized nonspe-
cifi c abdominal pain can lead to an inadvertent 
demonstration of pyelonephritis. The CT fi nd-
ings of pyelonephritis are usually rounded and/
or wedge-shaped low attenuation areas that are 
surrounded by normal tissue enhancement or a 
striated nephrogram appearance. The areas of low 

  Fig. 3.5    Duplex left kidney with left upper pole 
hydronephrosis       

  Fig. 3.6    Nephrocalcinosis       
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 attenuation may be related to edema from infec-
tion and perhaps vasospasm. The affected kidney 
may be enlarged with possible urothelial thick-
ening. The late sequelae of pyelonephritis from 
refl ux nephropathy are also well demonstrated by 
CT with areas of renal scarring that may be focal 
and notched or more generalized with thinner cor-
tex. These tend to be located at the poles of the 
kidney and are often seen with blunted/distorted 
calyces.  

    Kidney Cysts 

 Kidney cysts are rare in children and are usually 
related to a calyceal diverticulum, prior infection, 
prior trauma, or other cystic congenital and/or 
hereditary disease processes (Fig.  3.7 ). Many 
calyceal diverticular cysts can be seen with con-
trast fi lling on the delayed excretory phase during 
CT imaging. Simple cysts are usually lined with 
fl attened epithelium and usually contain serous 
fl uid with CT attenuation values of <20 
Hounsfi eld units (HU). Occasionally, cysts can 

be hyperdense with attenuation values of 40–90 
HU that is related to bleeding or infection. Some 
hyperdense cystic lesions may be related to 
malignant diseases in children such as renal cell 
carcinoma, although most cystic lesions in chil-
dren are not malignant. The Bosniak classifi ca-
tion system for renal cysts can generally be used 
to differentiate potential malignancy in children. 
Bosniak type 1 cysts are thin walled with less 
than 20 HU fl uid attenuation values; Bosniak 
type 2 cysts have thin septations and calcifi ca-
tions or are central in location; Bosniak type 3 
cysts contain thicker calcifi cation and thicker 
septa and may have rim enhancement; and 
Bosniak type 4 cysts have much thicker walls/
septa, possible calcifi cations, and enhancing 
solid tissue [ 8 ].

   When children present with cysts and espe-
cially bilateral cysts, hereditary cystic disease 
etiologies should be considered, such as polycys-
tic kidney disease (PCKD) (Fig.  3.8 ) or tuberous 
sclerosis. With tuberous sclerosis, the kidneys 
may contain multiple angiomyolipomas and 
cysts, but usually, one type is more dominant 
than the other. On CT imaging, the angiomyoli-
poma are usually subcentimeter in diameter and 
often associated with fatty attenuation. When 

  Fig. 3.7    Right upper pole kidney cyst       

  Fig. 3.8    Polycystic kidney       
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they are extremely small, distinguishing between 
cysts and angiomyolipomas can be diffi cult. 
Since angiomyolipomas contain fat that may be 
slightly vascular, they can enhance slightly so 
that the Hounsfi eld unit readings can be mistaken 
for the readings of kidney cysts at less than 20 
Hounsfi eld units and therefore not recognized as 
fat which generally produces negative Hounsfi eld 
unit numbers. Thin cut imaging and noncontrast 
CT correlation can help to differentiate between 
the two in this setting.

       CT Vascular Imaging 
for the GU Tract 

 Imaging for renal vascular anomalies and 
 diagnoses, such as renal artery stenosis, renal 
vein thrombosis, or trauma-associated renal 
artery occlusion, can be performed using CT 
angiograms as an alternative to MR imaging [ 9 ]. 
CT angiograms for vessel assessment are often 
performed in either the arterial phase or, more 
preferably, the late arterial/early venous phase 
to delineate both systems. The images are then 
reformatted in different planes as described 
previously. 

 CT imaging is also helpful in the assessment 
of arteriovenous fi stula or other vascular malfor-
mations, where a dilated circuitous artery and 
vein that are entangled can be seen. Vascular 
imaging for transplanted kidneys can often be 
performed satisfactorily with CT angiograms 
instead of conventional angiograms, where the 
site of renal artery stenosis or kinking of vessels 
can be seen. CT imaging has the advantage of 
highlighting other potential complications from 
transplantation such as lymphoceles, urinomas, 
and hematomas.  

    Renal Masses 

 CT is the preferred imaging modality for 
 assessing renal masses due to its superior spatial 
resolution, ability to show detailed vessel anat-
omy, calcifi cations, tumor extent, adjacent fat 
 stranding that cannot easily be seen by MR, and 

superiority in detecting lung metastasis. Different 
phase  contrast images also allow for improved 
tumor detection. 

 For Wilms tumor (Fig.  3.9 ) or renal cell carci-
noma, CT imaging can show the extent of the pri-
mary tumor and can be helpful for operative 
planning. Furthermore, vascular thrombi are 
delineated by CT imaging as low attenuation fi ll-
ing defects in the vessel, with a prolonged 
nephrogram and occasional collateral vessel fi ll-
ing with contrast. Nodal involvement can be 
detected and especially with newer helical MDCT 
scanners that can perform thinner slices [ 10 ].

   Leukemias can appear by CT imaging as bilat-
eral or unilateral nephromegaly since it can 
involve the kidneys asymmetrically, with possi-
ble loss of corticomedullary differentiation and/
or focal areas of low attenuation with intravenous 
contrast due to lesser enhancement of leukemic 
mass clusters compared to the regular paren-
chyma [ 11 ]. Occasionally, the involvement can 
appear as striations and infi ltration similar to the 
CT appearance of other nonspecifi c nephritis 
syndromes. Occasionally there is hydronephrosis 
from partial obstruction due to adjacent 
adenopathy. 

 Lymphomas may appear as masses that are 
usually homogeneous and hypoattenuated com-
pared to normal parenchyma, with occasionally 

  Fig. 3.9    Wilms tumor       
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heterogeneous necrosis or hemorrhage in large 
lesions (Fig.  3.10 ). Associated splenomegaly 
and other generalized adenopathy seen on CT 
can help in determining the diagnosis of 
lymphoma.

   Angiomyolipoma, which is also known as 
renal hamartoma, contains mature fat, smooth 
muscle, and blood vessels and is seen in the 
majority of children with tuberous sclerosis. 
They also can be seen with neurofi bromatosis 
and von Hippel-Lindau syndrome. While they 
can increase in size to appear like a large mass, 
they usually appear smaller and multifocal dur-
ing childhood. More often these multifocal 
lesions appear as low attenuation foci that usu-
ally look like cysts on regular slice CT, but with 
thinner CT slice, technique can be delineated for 
the fatty tissues that they are [ 12 ]. While the 
attenuation of fat is usually less than zero HU, 
these lesions often appear to have attenuation 
values as high as 15–20 HU which is within the 
cystic fl uid HU range. This occurs due to the fact 
that the fat is slightly vascular and enhances 
slightly with IV contrast though much less so 
than adjacent native kidney. Occasionally the 
attenuation may be slightly higher due to hemor-
rhage in it. Noncontrast CT thin slice images 
may be helpful in demonstrating the fat in the 
lesions better. 

 Mesoblastic nephroma, which is also known 
as fetal renal hamartoma, leiomyomatous hema-
toma, and mesenchymal hamartoma of infancy, is 
the most common renal tumor for infants under 
4 months of age. It is considered a benign tumor 
with low mitotic rate but due to its dense spindle 

cells, usually appears hypoattenuated by contrast 
CT imaging with occasional areas of enhance-
ment from noninvolved entrapped normal renal 
tissue (Fig.  3.11 ) [ 13 ]. It usually appears as a cen-
tral tumor near the renal hilum but often can 
involve the majority of the kidney.
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 Introduction

Magnetic resonance imaging (MRI) is unique in 
its ability to provide anatomical and functional 
information. It does not involve ionizing radia-
tion, making it much safer and appealing than 
other body imaging modalities such as CT, espe-
cially for use in a pediatric population. As a 
result, MRI has grown in popularity starting from 
the early 1980s. With more recent recognition 
from studies of atomic bomb survivors that 
increased risks of lifetime cancer exist even from 
relatively low-dosage radiation, MRI is becom-
ing the modality of choice for imaging of com-
plex anatomy in fetuses and children [1, 2].

MRI is well suited for urological imaging 
because it provides anatomical information 
with significantly better spatial resolution than 
nuclear renograms, in addition to functional 
information (Fig. 4.1). Pharmacological contrast 

agents (e.g., gadolinium chelates) used in MRI 
for  angiography and quantification of renal func-
tion are much safer than iodinated contrast agents 
used in CT. Furthermore, these contrast agents 
exhibit very similar excretion properties as those 
of iodinated contrast agents and pharmacological 
agents used in nuclear medicine, enabling the use 
of quantitative modeling tools already developed 
for those other modalities. MRI has the ability 
to yield an array of semiquantitative and quan-
titative measures including renal and calyceal 
transit times, enhancement rates, time-to-peak 
estimates, separate measures of medullary and 
cortical function, single-kidney glomerular filtra-
tion rates (GFR), and even pixel-wise GFRs. Its 
safety and noninvasive properties make it ideal 
for obtaining renal functional data critical in 
pediatric urology.

 Basics of Magnetic Resonance 
Imaging

 Phenomenon of Nuclear Magnetic 
Resonance (NMR)

MRI and nuclear magnetic resonance spectros-
copy (NMRS) are based on the phenomenon of 
nuclear magnetic resonance. All atoms with an 
odd number of protons and/or odd number of 
neutrons possess nuclear spin angular momen-
tum and exhibit the phenomenon of magnetic 
resonance. There are many such nuclei in the 
body – 1H, 13C, 31P – that exhibit this property, 
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Fig. 4.1 (a–d) Magnetic resonance imaging (MRI) showing renal scars in a 3-year-old girl with reflux nephropathy. 
Dimercaptosuccinic acid (DMSA) radionuclide scan comparative coronal levels (1, 2) are shown [37]
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but we will restrict ourselves to the most abun-
dant, i.e., the 1H or proton, as it produces the 
largest signal and is most commonly used in 
clinical MRI. This section provides a brief intro-
duction to the basics of NMR and MRI. For 
a more detailed coverage of the two areas, the 
reader is referred to books by Slichter and 
Nishimura [3, 4].

A proton can be thought of as a charged sphere 
spinning about its axis, which produces a mag-
netic field. These protons are most commonly 
referred to as spins in MRI. In the absence of any 
external magnetic field, the spins are randomly 
oriented in all directions, resulting in no net mac-
roscopic magnetic field. When placed in a con-
stant external magnetic field B0, the spins align 
themselves parallel or antiparallel to B0. There is 
a slight excess of spins aligned parallel to the B0 
field, resulting in a net magnetic moment M along 
B0. This phenomenon is called polarization. 
Spins exhibit another phenomenon called preces-
sion. While spinning about their own axis, they 
also wobble around the B0 field, analogous to the 
wobbling motion of a spinning top in a gravita-
tional field. This precession frequency is called 
the Larmor frequency, which is the product of the 
external magnetic field B0 and the gyromagnetic 
ratio γ, a constant for each nucleus. At 1.5 T, the 
Larmor frequency for protons is 63 MHz. 
Physically, this corresponds to a two-state split in 
energy levels when spins are placed in a magnetic 
field, with the energy difference between the 
states given by the Larmor frequency. When 
spins make transitions between the two energy 
levels, it results in absorption or emission of elec-
tromagnetic energy (photons) at the Larmor (res-
onance) frequency. This phenomenon is called 
nuclear magnetic resonance (NMR).

NMR was first observed and described inde-
pendently by Felix Bloch and Edward Purcell in 
1946. It was soon used in chemistry to interrogate 
the structures of molecules and study other physi-
cal properties such as diffusion, but it was not 
until 1973 did Lauterbur make the first images by 
using principles of magnetic resonance in con-
junction with linear gradients [5].

 Signal Generation
The static B0 field alone will not produce any 
useful measurable signal, as the system is in 
equilibrium. The net magnetic moment M has to 
be perturbed in order to observe it. This is done 
by the application of another radiofrequency 
(RF) magnetic field B1 for a brief time interval 
τ and orthogonal to the static magnetic field B0, 
which essentially transfers energy to the spins to 
cross the energy barrier between the two levels. 
The applied magnetic field is also at the Larmor 
frequency to elicit the resonance phenomenon. 
Physically, this can be thought of as applying 
a torque on M, which rotates it into a different 
plane, while M continues to precess about the 
resultant field. The angle θ by which M is rotated 
is called the flip angle in MRI. The magnetic 
moment M is usually rotated into the transverse 
plane orthogonal to the longitudinal B0 field (i.e., 
90° flip angle) to produce the largest signal. The 
orthogonal RF field B1 is typically on the order 
of a fraction of a Gauss compared to the main 
magnetic field B0 which ranges from 0.5 to 3 T 
for most whole-body human imaging systems. 
After a brief application of the RF field B1, the 
net moment M, now in the transverse plane (x-y), 
continues to precess about B0 and, by Faraday’s 
laws of electromagnetic induction, induces a sig-
nal voltage in a coil placed in the transverse plane. 
In NMR spectroscopy and the early days of MRI, 
the RF coil used to produce the B1 RF field was 
also used to receive this induced voltage signal, 
which is also at the Larmor frequency. In modern 
whole-body MRI systems, a “body coil” is used 
to produce a uniform B1 excitation field, while 
local surface coil arrays are used for reception 
of the RF signal for increased sensitivity. Coils 
used for MRI signal reception are often tailored 
for the anatomy of interest. The nuclear magnetic 
resonance phenomenon including polarization, 
precession, and excitation is depicted pictorially 
in Fig. 4.2.

Any perturbed system tries to recover its equi-
librium state – in this case, the equilibrium state 
is M being aligned with B0. While precessing 
about B0, the magnetization vector M exhibits 
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two important properties that are the basis of 
image contrast in MRI – (1) the longitudinal 
component of M (Mz) grows exponentially with a 
time constant of T1, referred to as spin–lattice 
relaxation time, and (2) the transverse component 
of M (Mxy) which is producing the MR signal 
decays exponentially with a time constant of T2, 
referred to as spin-spin relaxation time. This is 
shown in Fig. 4.3. The equations governing the 
exponential behavior of these two components 

over time are called Bloch equations. Physically, 
T1 refers to the transfer of energy from the excited 
spins to the lattice atoms, and T2 refers to the loss 
of energy due to mutual interaction between the 
spins resulting in loss of phase coherence. The 
values of T1 and T2 differ for protons in different 
local magnetic environments and molecules giv-
ing rise to image contrast. For example, protons 
in lipid molecules exhibit a much shorter T1 than 
free water protons in a cyst. The exponentially 
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Fig. 4.2 The nuclear magnetic resonance phenomenon 
(clockwise) – protons abstracted as spinning spheres align 
themselves along or against a main magnetic field B0 
(polarization). They also process about the B0 field and the 
vectors line up along the surface of a cone. The net effect 
is a resultant z magnetization M aligned along with B0. 

When an external orthogonal radiofrequency field B1 is 
applied along x, it causes M to tip away from the z-axis by 
a flip angle θ. The transverse component of M (Mxy) 
 produces an induced voltage in a coil placed in the x-y 
plane and is the NMR signal
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Fig. 4.3 Spin–lattice relaxation (T1) and spin-spin relax-
ation (T2) times – the parameter T1 describes the recovery 
of the longitudinal magnetization Mz to its equilibrium 
value M0, while T2 describes the decay of the transverse 

magnetization Mxy. These parameters are different for 
 different types of protons (e.g., protons in free water, 
bound water, and lipid) resulting in soft tissue contrast. The 
equations describing these relaxation times are also shown
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decaying signal induced by the coil is referred to 
as free induction decay (FID). T1 also determines 
how often the experiment can be repeated, i.e., 
how often the B1 RF pulse is applied and the time 
interval between applications of successive B1 
pulses is called repetition time (TR).

 Image Formation
The application of an external RF field B1 to tip 
the magnetic moment M to the transverse plane 
produces only a “one-dimensional” signal that 
contains no spatial information about the object 
being imaged. In order to achieve spatial discrim-
ination, magnetic field gradients are used. The 
application of a magnetic field gradient Gx along 
the x-direction, for example, causes the main 
magnetic field B0 to vary along x as B0 + xGx, 
where x refers to the spatial coordinate. This 
causes spins along x to resonate in a range of fre-
quencies centered around the Larmor frequency 
and linearly proportional to the distance of the 
spin from the isocenter of the bore (where the 
gradient strength is zero by design). By applying 
gradients along two directions x and y, a unique 
signal characterized by its unique frequency can 
be elicited as a function of x and y, which in 
essence is a two-dimensional image. In practice, 
a gradient is applied along the z direction to select 
a “slice.” In order to separate signals with differ-
ent frequency components, a Fourier transform is 
applied in the x-y dimension. Magnetic field gra-
dients can be applied along any direction, 
 permitting image acquisition in arbitrary planes, 
a significant departure from the axial plane 
restriction of CT imaging.

 Image Contrast
The time between the application of a B1 RF 
pulse and center of data acquisition is called  
echo time (TE). This parameter along with the 
sequence repetition time (TR) is a strong deter-
minant of MRI image contrast. The spin–lattice 
and spin- spin relaxation times T1 and T2 along 
with the spin (or proton) density are different for 
protons in different molecules (e.g., fat, gray 
matter, white matter) and environments, generat-
ing soft tissue contrast. In the human body, typi-
cal values of T2 are 10–50 ms and T1 100–1,500 ms. 

By changing the TE and TR, differences in T1, T2, 
or proton density (PD) can be highlighted, giving 
rise to T1-weighted, T2-weighted, or PD-weighted 
images, the three most common types of images 
acquired in MRI. T2-weighted sequences are 
characterized by long TR and long TEs, while 
T1- weighted sequences usually employ short 
TRs and short TEs. Proton-density weighting can 
be elicited using long TRs and short TEs, mini-
mizing both T1 and T2 effects.

 MRI Hardware
The main components of an MRI system are 
shown in Fig. 4.4. The main magnetic field B0 is 
created by winding a superconducting material 
around a cylindrical bore, which also houses the 
patient table. The superconducting material 
enables the sustenance of high currents, which 
are needed for producing strong magnetic fields 
(1–3 T), typically used in modern whole-body 
MRI systems. The RF coil that produces the exci-
tation RF B1 field is also integrated into the bore. 
The MRI signal is typically sensed using RF coils 
with differing geometries, tailored to the body 
part being imaged. A torso phased-array receive 
coil for abdominal imaging is shown here. The 
spatially varying magnetic field gradients are 
also integrated into the bore and produced by 
winding wires around a core. These gradients are 
situated in a different layer in the bore than the 
superconducting windings, which produce B0. 
The signal detected by the RF coils are filtered, 
amplified, digitized, and then processed to gener-
ate the final MRI image.

 Magnetic Resonance Urography (MRU)

MRU refers to the class of MRI techniques that 
are used for noninvasive anatomical and func-
tional imaging of the kidneys and the urinary 
tract. MRU is often classified as static (fluid) and 
dynamic (excretory) urography. Static fluid MRU 
is T2-weighted and performed without any con-
trast injection, while dynamic or excretory MRU 
is performed after injection of a gadolinium- 
based pharmacological contrast agent using a 
 T1- weighted MR imaging sequence. Friedburg 
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and associates first applied MRI to urography 
using a strongly T2-weighted sequence to delin-
eate the efferent urinary pathways in 1987 [6]. In 
most situations, static and dynamic MRU provide 
complementary information, leading to a more 
accurate diagnosis.

 Static MR Urography
Static MRU is very useful for characterization of 
fluid-filled and dilated structures such as hydro-
nephrosis, megaureters, cysts, ureteroceles, and 
similar pathologies. While it is very useful for 
obtaining anatomic information in patients with 
dilated or obstructed collecting systems, it is 
not very useful for eliciting functional informa-
tion, especially in non-dilated systems. Because 
gadolinium contrast agents cause concomitant 
reduction of T2 relaxation times in addition to 
T1, static MRU is performed prior to injection of 
gadolinium- based contrast agents. In static MRU, 
the long T2 relaxation time of urine is exploited for 
achieving T2-weighting [7, 8]. A pulse sequence 
with a long echo time (TE) is used to suppress 
signal from background tissue, which have 
shorter T2 relaxation times. Fat suppression can 
also be used to further reduce background signal 
and improve conspicuity of structures of inter-
est such as the ureters. In addition to thin section 
multi-slice 2D imaging, thick slab 2D imaging 
or even 3D T2-weighted  imaging sequences have 
been reported for use in static fluid MRU.

In order to minimize scan times and reduce 
motion artifacts from breathing and peristalsis, 
a half-Fourier single-shot imaging technique 
(called single-shot fast spin echo (SSFSE), 
rapid acquisition with relaxation enhance-
ment (RARE), or single-shot turbo spin echo 
(TSE) by the main MRI vendors) is most com-
monly used in conjunction with breath-holding 
[8, 9]. Sometimes, respiratory gating is used to 
gate the acquisition to the quiescent period of 
the respiratory cycle and obviate the need for 
breath- holding. The use of respiratory-gated 3D 
spin echo sequences has also been reported but 
at the cost of increased scan times [10]. The use 
of variable refocusing flip angle 3D fast spin 
echo sequences (called Cube, SPACE, or VISTA 
by three of the main MRI vendors) can enable 
the use of long echo trains, which significantly 
reduces scan times. Three-dimensional imaging 
sequences enable the acquisition of volumes with 
thin section thicknesses, which can then be post- 
processed to yield maximum intensity projection 
(MIP) or volume rendered images for depiction 
of the entire urinary tract.

 Dynamic MR Urography
Dynamic or excretory MRU is T1-weighted and 
performed after administration of a gadolinium- 
based contrast agent to follow its time course of 
uptake and excretion. This information can then 
be used to generate quantitative metrics of renal 

Fig. 4.4 A modern whole-body 3T MRI clinical scan-
ner – the cylindrical bore houses the superconducting coil, 
which produces the main magnetic field (B0), the gradient 
coils, as well as the body RF coil which excites the spins. 

MRI signal reception is performed using a torso phased-
array coil designed for abdominal imaging and wrapped 
around the patient as shown (Image courtesy: Ann Sawyer, 
Stanford University)
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function such as renal and calyceal transit times, 
differential renal function, single-kidney GFRs, 
and even GFR maps. Due to the high vascularity 
of tumors, T1-weighted MRI is also used in the 
detection and characterization of malignancies. 
Dynamic MRU is more useful in non-dilated sys-
tems but requires minimal renal function for 
excretion and redistribution of the contrast mate-
rial, often enhanced by using a diuretic such as 
furosemide. This also causes dilution and redis-
tribution of the contrast agent for optimal image 
quality and minimizes any signal loss from con-
trast agent pooling [11, 12].

A 3D spoiled gradient-echo sequence with fat 
suppression is used repeatedly to capture the sig-
nal time course to filling and excretion of urine 
[11, 13, 14]. This sequence is referred to as VIBE, 
THRIVE, or LAVA by the main MRI vendors. Fat 
suppression improves ureter conspicuity as in 
static MRU. The urine signal is bright due to the 
T1 shortening produced by the contrast agent in 
conjunction with the T1-weighted pulse sequence, 
which renders background dark due its longer T1. 
A coronal 3D acquisition can be used to image 
the kidneys, ureters, and the bladder in a single 

plane. This sequence is typically acquired in a 
breath-hold if possible or using respiratory 
 gating. Figure 4.5 shows an example of static MR 
urography (left) and dynamic MR urography 
(right) on a patient with a smaller left kidney and 
multiple cysts. The fluid-filled cysts are clearly 
visualized on the static T2-weighted image, 
whereas the dynamic T1-weighted image shows 
the cortical enhancement and the lack of enhance-
ment of the cysts. The dynamic 3D T1-weighted 
sequence used respiratory triggering to acquire 
each 3D volume in about 12 s.

 Contrast Agents
Gadolinium is a heavy metal in the lanthanide 
series and is widely used in MRI as an intrave-
nous contrast agent after chelating it with various 
ligands, most commonly DTPA (Gd-DTPA), to 
render it safe. A paramagnetic ion with a large 
magnetic moment due to its seven unpaired elec-
trons, even in very small amounts, gadolinium 
reduces the T1 and T2 of the water protons it comes 
in close proximity to. The amount of T1 shorten-
ing is linearly proportional to the concentration 
of contrast agent present for the range of  typical 

a b

Fig. 4.5 An example of static MR urography (left) versus 
dynamic MR urography (right) images from a patient 
with a slightly atrophied left kidney and multiple cysts. 
The fluid-filled cysts are clearly visualized on the static 

3D T2- weighted image, whereas the dynamic 3D T1-
weighted image acquired 30 s after injection of gadolin-
ium contrast shows peak cortical enhancement and lack of 
cystic enhancement
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in vivo concentrations. Gadolinium chelates 
exhibit pharmacokinetic properties very similar 
to that of iodinated contrast agents – they dis-
perse readily into intravascular and extracellular 
compartments and are excreted by glomerular fil-
tration. The T1-shortening property of Gd-DTPA 
and similar contrast agents make it attractive for 
T1-weighted imaging. In dynamic MRU, imaging 
is performed repeatedly following administration 
of the contrast agent.

In order to extract quantifiable measures of 
renal function, the MRI signal intensity is used as 
a surrogate for contrast agent concentration. This 
approximation is valid only at low concentra-
tions of gadolinium contrast typically 0.1 mmol/
kg. In MRU, since urine can concentrate in struc-
tures especially when there is an obstruction, the 
gadolinium concentration can also become very 
high resulting in signal loss due to T2* effects. As 
a result, concentrations as low as 0.025 mmol/kg 
are used. An accurate way of estimating the con-
trast agent concentration from MRI signal inten-
sity is using the knowledge of T1 prior to injection 
acquired using a T1-mapping technique. The most 
commonly used T1-mapping technique is to image 
using a pure T1-weighted imaging sequence such as 
3D spoiled gradient echo with multiple flip angles. 
The T1 values can then be estimated using a para-
metric fitting. The change in T1 can then be used 
to calibrate the contrast agent concentration, as the 
signal dependency on T1 is known a priori [15].

 Elements of a Typical MRU 
Examination

A typical MRU exam comprises of four main 
steps: (a) patient preparation, (b) data acquisition, 
(c) image processing, and (d) modeling. While the 
first two steps are absolutely essential to extract 
any functional information from the dynamic 
MRU examination, the last step of modeling is 
usually performed only if a fully quantitative para-
metric modeling is desired. The image-processing 
step is used to segment out the aorta, collecting 
systems, medulla, and cortex for the individual 
kidneys. These steps are  summarized in Fig. 4.6. 
The segmented cortex and medulla for each kid-
ney are depicted in different colors. After this 

segmentation step performed for the images at 
each time point, semiquantitative measures such 
as renal and calyceal transit times, volumes of the 
segmented compartments, relative signal enhance-
ment curves, and differential renal function can be 
computed. The images can be processed further to 
extract single-kidney GFRs, medullary and corti-
cal GFRs, or pixel- wise GFR maps using mod-
eling techniques. Many groups use basic image 
processing to segment and extract semiquantita-
tive parameters instead of modeling the contrast 
uptake using complex parametric models.

 Patient Preparation
Patient preparation is a critical aspect to obtaining 
reliable MRU quality. Most subjects under 6 years 
of age require sedation or anesthesia. A recent 
serum creatinine should be sought to estimate 
GFR. At our institution, a GFR less than 30 mL/
min/m2 precludes administration of gadolinium. 
Intravenous access with at least a 22 gauge periph-
eral IV is required; with 20 gauge preferred in 
older children. Thirty minutes prior to the start of 
image acquisition, a 20 mL/kg intravenous bolus 
of saline or lactated Ringers is administered, 
though this may be decreased on a case-by-case 
basis in patients’ cardiac or respiratory conditions 
that require restricted fluid intake. Once the bolus 
is complete, maintenance fluids of 10 mL/kg/h are 
continued until the completion of image acquisi-
tion. Additionally, a urinary bladder catheter is 
placed to ensure an empty bladder for physiologic 
reasons as well as to ensure the patient does not 
have to prematurely terminate the exam to void.

It is important that gadolinium contrast be 
diluted and dispersed in the collecting systems 
for optimal visualization as well as to minimize 
signal loss due to T2* effects that can result from 
the pooling of gadolinium. As a result, dynamic 
MRU is almost always preceded by adminis-
tration of a diuretic agent such as furosemide. 
This enhances the urinary flow and distribution 
of gadolinium within the collecting systems for 
optimal visualization.

 Image Acquisition
Figure 4.7 summarizes a typical MRU pro-
tocol performed at our institution on a child 
with crossed fused renal ectopia. The top panel 
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shows a 3D T2-weighted image (a), a non-con-
trast angiography MIP image obtained using 
a 3D  balanced SSFP sequence with an inver-
sion recovery prep to suppress the background 

and venous signal (b) and a single frame from 
a  multiphasic 2D balanced SSFP sequence (c). 
The remaining images (d–h) are from a respira-
tory-gated 3D T1- weighted sequence with Dixon 
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Enhancement plotsPatlak plots
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Fig. 4.6 Elements of a typical MRU exam illustrating the 
key steps of patient preparation, data acquisition ( imaging), 
image processing, and modeling. The  image-processing 

step is used to segment the kidney into medulla, cortex, 
and collecting system (color coded here) to generate sepa-
rate cortical and medullary GFR measurements
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Fig. 4.7 Representative images from a typical MRU 
protocol performed at our institution on a child with 
crossed fused renal ectopia. Panels a–c show a 3D T2-
weighted image (a), a non-contrast angiography MIP 
image obtained using a 3D balanced SSFP sequence with 
an inversion recovery prep (b), a single frame from a 

 multiphasic 2D balanced SSFP sequence (c). Pre-contrast 
(d) and post-contrast (e–h) phases from a respiratory-
gated 3D T1-weighted sequence with Dixon fat-water 
separation depict peak cortical enhancement (e), peak 
medullary enhancement (f), late enhancement, (g) and 
excretory phase with enhanced collecting system (h)
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fat-water  separation obtained before injection of 
gadolinium contrast (d) and post-contrast (e–h) 
depicting peak cortical enhancement (e), peak 
medullary enhancement (f), late enhancement 
(g), and excretory phase with enhanced  collecting 
system (h).

 Image Processing
The data acquired in dynamic MRU is essentially 
a four-dimensional data set (i.e., a 3D volume as 
function of time). A number of quantitative met-
rics are extracted from these dynamic MRU 
images, which provide information about renal 
function. These metrics are computed pixel by 
pixel over the entire imaging volume or on the 
signal integrated over a user-specified region of 
interest (ROI). Commonly used metrics include 
calyceal transit time (CTT, the time taken for the 
contrast agent to reach the renal pelvis), renal 
transit time (RTT, the time between arrival of the 
contrast agent in the cortex and in the ureters), 
degree of enhancement (the maximum signal 
enhancement after injection of gadolinium con-
trast relative to the unenhanced signal expressed 
as a % and sometimes also calculated as a ratio to 
remove effects such as coil shading), time to peak 
(time taken to reach maximum degree of enhance-
ment), maximal slope of enhancement, and dif-
ferential renal function (maximum slope or area 
under the signal enhancement curve normalized 
by renal volume).

The features of interest in the 3D images are 
segmented first prior to extraction of parameters 
[16]. Simple image-processing techniques like 
image thresholding and more complex morpho-
logical operations like erosion and dilation are 
used to extract and label the aorta, left and right 
medullae, cortices, and the left and right collect-
ing systems. These steps may be time-consum-
ing requiring manual input for identification of 
the regions as well as readjustment if the image 
contrast is poor. Time-to-peak maps can assist 
in segmentation by identifying the image phase 
with the brightest signal in the region of interest 
and speed up the segmentation process. Signal 
from the aorta is used by most modeling-based 
approaches to compute the arterial input function. 
Medullary and cortical volumes can be  computed 

for each kidney and used for normalization of 
split or differential renal function measures. In 
highly dilated or atrophied kidneys, it may not 
be possible to achieve this medullary- cortical 
segmentation, and it is customary to lump them 
together. Figure 4.8 shows two examples where 
the image segmentation was complicated by 
an atrophic kidney or a hydronephrotic kidney. 
Phased-array coils often produce nonuniform 
intensity variations across the image and can be 
corrected using vendor-supplied software, which 
removes any coil-induced variations in image 
intensity across the image.

 Modeling
While semiquantitative measures such as degree 
of enhancement and transit times are useful met-
rics, a more complex pharmacokinetic model can 
be used to extract the GFR. A number of models, 
varying in complexity, have been developed. The 
most popular as well as simplest of the models is 
the Patlak-Rutland model which assumes a vas-
cular space and a nephron space with no loss or 
transit of tracer from the nephron space as shown 
in Fig. 4.9 [17, 18].

Patlak-Rutland Model. This model estimates 
the GFR using the metrics: a(t), the amount of con-
trast agent in the arteries at a given time (t); V(t), 
contrast in the vascular space at that time; N(t), 
contrast in the nephron space; Vs, the fraction of 
contrast that flows into the vascular space; c a con-
stant of proportionality that represents the GFR; 
and C(t), the total amount of contrast agent in the 
kidney at time t. We can write the following:
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Note that c has been replaced by the GFR, and 

the quantity ∫a s ds

a t

( )
( )

 is referred to as Patlak 

time. Equation 4.4 is plotted in Fig. 4.9, which is 
a classic Patlak plot. Note that the linearity of the 
curves no longer hold after the initial 1990s or so, 
due to the simplifying assumptions made in the 
Patlak-Rutland model. The initial slope of the 
curve is used and is a measure of GFR per unit 
volume, which is further corrected for volume, 
the hematocrit ratio (the volume % of red blood 
cells in the blood) and patient weight to yield a 
more accurate BSA-corrected GFR index. Note 
that this GFR index can be generated on a per- 
pixel basis to create a GFR map or generated for 
ROIs representing the left and right medullary 
and cortical compartments or the entire left and 
right kidneys, respectively.

The Patlak-Rutland model is a simple 
 two- compartment model. More complex models 
have been proposed that incorporate outflow of 
contrast agent from the nephron space and take 

into account other anatomical features of the 
nephron such as proximal and distal tubules and 
the loops of Henle [19–21]. Figure 4.10 shows 
a comparison of the Patlak-Rutland model with 
a two- compartment and a three-compartment 
model, the latter accounting for outflow from the 
tubules. Preliminary results seem to indicate that 
the simpler Patlak-Rutland model performs more 
reliably than other more complex models, but this 
is an area of ongoing research [22].

Images from a typical pediatric MRU exami-
nation are shown in Fig. 4.11. Dynamic MRU was 
performed using a 3D T1-weighted respiratory- 
gated sequence with a temporal resolution of 12 s 
per 3D volume. A pre-contrast phase and three 
post-contrast phases (peak cortical enhancement, 
peak medullary enhancement, and late excretory) 
are shown in panels a–d. A 3D MIP of the vol-
ume acquired 24 s after injection of contrast is 
shown in panel e, demonstrating the spatial and 
temporal resolution of the 3D dynamic sequence. 
A 3D MIP from a pre-contrast respiratory- gated 
3D T2 Cube acquisition is also shown in panel f, 

a b

Fig. 4.8 Image segmentation results from a patient with an atrophic left kidney (left) and hydronephrosis (right), which 
make segmentation of the kidney into distinct cortical and medullary compartments difficult
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illustrating the complementarity of the T1 and T2 
acquisitions. The 3D data sets were segmented 
into left and right cortex, medulla, and collect-
ing systems and analyzed using custom-devel-
oped software incorporated into OsiriX imaging 
software (Geneva, Switzerland). Relative signal 

enhancement plots of the aorta, left medulla and 
cortex, and right medulla and cortex are shown 
in Fig. 4.12a. The corresponding Patlak plots in 
Fig. 4.11b show a very subtle difference in initial 
slopes (which is a measure of GFR) between the 
left and the right cortex.
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a b c

d e f

Fig. 4.11 Images from a typical MRU examination. A pre-
contrast and three post-contrast phases acquired using a 3D 
respiratory-gated T1-weighted sequence are shown in pan-
els (a–d). A 3D MIP of the volume acquired 24 s after 

injection of contrast is shown in panel (e),  demonstrating 
the high spatio-temporal resolution of the 3D dynamic 
sequence. A MIP from a pre-contrast  respiratory-gated 3D 
T2 Cube acquisition is shown in panel (f)
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Fig. 4.12 Relative signal enhancement of the aorta, left 
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These were generated from the dynamic 3D T1 data shown 
in Fig. 4.11
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 Challenges and Limitations 
of Pediatric MRU

MRI also poses a number of technical chal-
lenges from motion sensitivity, contrast agent, 
and technical variable parameters. Since MRI is 
motion sensitive, sedation and/or anesthesia may 
be required in younger children to reduce and 
compensate for physiological anatomic motion 
due to respiration. Sedated subjects can be con-
veniently imaged using respiratory-gating tech-
niques where the imaging acquisition is restricted 
to periods of respiratory quietus, typically end- 
expiration. The position of the diaphragm is 
monitored either mechanically using respiratory 
bellows that are wrapped around the abdomen or 
using a MR navigator echo that produces a one- 
dimensional image (cross-sectional profile) of 
the lung-liver interface. This position  information 
can be used by the pulse sequence to gate the 
acquisition to the end-expiration period of the 
respiratory cycle. While the same technique can 
be applied to nonsedated subjects, the variability 
in breathing due to sleep apnea, hyperventilation, 
or irregular breathing patterns poses significant 
problems to the scan efficiency, prolonging scan 
times, and deteriorating image quality.

As already mentioned, gadolinium MRI signal 
intensity does not have a linear relationship with 
concentration except at very low doses, requiring 
additional corrections. Gadolinium- based con-
trast agents have also been implicated in nephro-
genic systemic fibrosis that may occur when used 
in patients with severe renal insufficiency.

Finally, image signal-to-noise ratio (SNR), 
spatial coverage, and acquisition time are often 
conflicting variables in MRI, requiring careful 
optimization of the MRI protocol and sequence 
parameters. As in any dynamic MRI application, 
spatial resolution is traded with temporal resolu-
tion as only a finite amount of k-space coverage is 
possible in a given time interval. In order to quan-
tify metrics of renal function such as the Patlak 
number accurately, it is desirable to keep the tem-
poral resolution to 10 s or better [23]. This places 
restrictions on the spatial resolution and/or spatial 
coverage that can be achieved, which can limit 
segmentation of the medulla from the  cortex both 

in cases of hypertrophy and atrophy. Moreover, 
depending on patient size, specialized radiofre-
quency coils may be required to optimize the 
signal-to-noise ratio. Parallel imaging techniques 
are increasingly being used to reduce scan time 
and optimize spatial and temporal resolution. 
They exploit the correlation between images gen-
erated by each coil element in a phased array and 
enable reduction in the amount of data that needs 
to be acquired to reconstruct an image (i.e., faster 
acquisition). Specially designed phased- array 
coils can improve image quality while permitting 
higher parallel imaging acceleration factors.

 Clinical Indications

Genitourinary imaging in children is usually lim-
ited to disorders of the kidney, urinary collecting 
system, and testes. The general indications for 
imaging in pediatric and adolescent urology are 
typically related to (1) evaluation of symptoms 
such as urinary tract infection, hematuria, and 
abdominal or testicular masses or (2) evaluation 
of asymptomatic children with abnormal prenatal 
ultrasounds or incidental findings on radiologic 
studies performed for other reasons. The imag-
ing studies selected in each case should guide 
and improve management by helping to give 
diagnosis, structure, and function. Also, the opti-
mal imaging modality should provide compara-
tive parameters to follow over time for potential 
prognosis. As a 3-dimensional imaging modality, 
MRI is an attractive alternative because it can 
potentially provide most of this information in a 
single study with the additional advantage that no 
ionizing radiation is used.

MRI was first used in pediatric urology over 
25 years ago [24]. Since that time, sophisticated 
MR-based technologies have been developed to 
give precise anatomic and structural detail with 
high spatial resolution and simultaneous evalua-
tion of organ function. MRI can be used to assess 
most genitourinary and testicular abnormalities 
and is rapidly becoming the imaging modality of 
choice when greater anatomic and functional 
detail is needed to assess complex anatomies and 
pathologies (Table 4.1). A specific advantage to 
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MRI is the lack of exposure to ionizing radiation, 
which is particularly important in pregnant 
women, children, and those requiring serial 
3-dimensional imaging. While past constraints 
related to MRI, including resource availability, 
imaging duration, and need for child immobiliza-
tion with general anesthesia, has limited MRU 
clinical utility, current research is improving 
these issues and promises to make MRI the 
modality of choice for complex pediatric uro-
logic situations.

 Hydronephrosis

The most common urologic indication for imag-
ing in infants and children is hydronephrosis, due 
in part to the increased use of prenatal imaging 
studies. Routine prenatal imaging using ultraso-
nography may lack full anatomic, functional, and 
prognostic information needed to guide early 
management decisions, and postnatal radiologic 
studies may be needed to determine whether or 
not surgical intervention is warranted. Compared 

to conventional imaging modalities, MRI is of 
great value in patients with complicated forms of 
hydronephrosis because of the anatomic and 
functional data that can be obtained.

Ureteropelvic Junction Obstruction 
(UPJO)
UPJO is a common cause of hydronephrosis in 
children, and the decision to intervene is based on 
the presence of symptoms (pain, hematuria, infec-
tions, stones) and/or when renal function or the 
degree of hydronephrosis worsens. Traditionally, 
diuretic renal scintigraphy has been used to mea-
sure renal function and drainage curves, and addi-
tional studies are often required to obtain reliable 
anatomic information. MRU, on the other hand, 
combines detailed renal anatomy with functional 
assessment when an imaging agent (gadolinium) 
is administered and followed as it transits the 
renal parenchyma and calyceal systems (i.e., 
referred to by some as renal and calyceal transit 
time, RTT, and CTT, respectively) (Table 4.2). 
RTT may be of limited value when assessing a 
poorly functioning kidney, especially in those 
with minimal urinary production. CTT has been 
used as an indicator of pathophysiologic obstruc-
tion and is influenced by both GFR and tubular 
reabsorption of urine [26].

Unlike other modalities, MRU has the ability to 
subcategorize obstructed kidneys (RTT ≥ 8 min) 
by renal function based on contrast dynamics seen 
in the renal parenchyma. As this means of evalua-
tion focuses on renal rather than collecting system 
pathophysiologic changes, there is the possibil-
ity that prognostic information may be obtained. 
The severely damaged and decompensated kid-
ney compared with a normal kidney will display 
asymmetrical nephrograms, dense and prolonged 
enhancement, and delayed calyceal transit times 
when subjected to the fluid and diuretic challenge.

Table 4.1 Potential indications for MRI in pediatric 
urology

Hydronephrosis (complicated)

Ureteropelvic junction obstruction
Hydroureteronephrosis
Calyceal abnormality
Complex duplications of collecting system

Urinary tract infections (complicated)

Acute pyelonephritis/renal abscess
Renal scarring assessment
Vesicoureteral reflux

Renal masses

Staging of tumor volumes and metastatic evaluation
Tumor surveillance studies

Testes cancer

Initial staging and metastatic evaluation
Tumor surveillance

Renal transplantation

Donor assessment
Posttransplant renal failure

Ambiguous genitalia and complex pelvic anatomy

 Bilateral and non-palpable testes
Complex fetal GU anomalies

Table 4.2 Classification of UPJ obstruction based on 
MRU-derived renal transit times compared to t1/2 times 
obtained during diuretic renal scintigraphy [25, 26]

Renal transit time (min) t1/2 (min)

Normal ≤4 ≤15
Equivocal 4–8 15–30
Obstructed ≥8 ≥30
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MRU can also estimate the discrepant iso-
lated renal GFR by Patlak-Rutland formulae 
(vide supra see: Modeling) and renal volume 
with the later a functional surrogate. This way 
of classifying obstruction may offer some ability 
to predict better which hydronephrotic  kidneys 
would benefit most from early surgical correc-
tion in order to eliminate potential renal demise. 
Decompensated systems may have more signifi-
cant improvements in renal function following 
successful pyeloplasty compared to compen-
sated systems [27]. Further studies are needed 
to assess the potential prognostic implications of 
this MRU-derived classification system.

MRU offers high-resolution anatomic detail 
that is impossible from ultrasonography and 
nuclear renography, such as crossing vessels, and 
allows understanding of more complex diagnos-
tic challenges and potential surgical planning 
(Fig. 4.13). Signs of obstructive nephropathy, 
such as small subcortical cysts, poor corticome-
dullary differentiation, decreased cortical signal 
intensity, and poorly defined or patchy nephro-
grams, are readily seen on MRU as well. These 
features represent areas of renal damage and 
impaired function, which are unlikely to improve 
with surgery.

Hydroureteronephrosis
Despite the high rate of spontaneous resolu-
tion, hydroureteronephrosis or megaureter is a 
finding that often leads to an extensive workup 
given the potential for obstructive or reflux-

ing etiologies that require surgical correction 
in 30 % of children detected antenatally [28]. 
In order to select which patients would benefit 
from surgery versus conservative management, 
a thorough workup is mandatory which often 
includes ultrasonography, VCUG, and diuretic 
renal scintigraphy. Dilation of the upper urinary 
tract is well imaged with MRI by combining T2-
weighted and delayed post-contrast T1-weighted 
images that can delineate the entire anatomy 
of the ureter from the renal pelvis to its distal 
site of insertion. MRU has the added benefit of 
providing functional information and can clas-
sify megaureter as obstructed or nonobstructed 
(Table 4.2). As a single study, MRU provides the 
same information obtained from both ultrasound 
and diuretic renal scintigraphy in the workup of 
hydroureteronephrosis, without exposure to ion-
izing radiation [29]. As seen in Fig. 4.14, MRU 
can accurately identify the site of ureteric inser-
tion and can reliably diagnose ureteral ectopia 
in both single and duplicated systems, even 
when markedly dilated or poorly functioning 
because of the 3- dimensional  character of the 
modality [30].

 Urinary Tract Infections

Acute Pyelonephritis
DMSA scintigraphy is considered the gold 
 standard for the diagnosis of acute pyelonephri-
tis despite its inability to reliably  differentiate 

ca b

Fig. 4.13 A 6-year-old girl with duplicated left kidney 
and UPJO of lower pole moiety. (a) Thick slab maximum 
intensity projection (MIP) of fat-suppressed T2-weighted 
sequence showing hydronephrosis of left lower pole 
 moiety (arrow) and unobstructed upper pole ureter ( dotted 

arrow). (b) Non-contrast MR angiogram using inflow 
inversion recovery demonstrating obstructing lower pole 
crossing vessel (arrow) (c) overlay images (a) in gray 
scale and (b) in color
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between permanent and transient lesions. By 
analyzing multiple anatomic and functional 
parameters, MRU can more accurately char-
acterize lesions of the renal parenchyma and 
can differentiate between acute pyelonephri-
tis, acquired pyelonephritic scars, and areas of 
congenital renal dysplasia. It has been shown 
that MRI detects more pyelonephritic lesions 
compared to DMSA scanning and has a supe-
rior interobserver agreement. Lonergan et al. 
reported that the proportion of positive agree-
ment between readers for the presence of acute 
pyelonephritic lesion was 0.85 and 0.57, and 
the negative agreement was 0.88 and 0.80 for 
MRI and renal scintigraphy, respectively [31]. 
A distinct and valuable advantage of MRU over 
DMSA is its ability to distinguish acute pyelone-
phritis from chronic renal scarring at the time of 
initial evaluation [32]. Using DMSA as the gold 

standard, a gadolinium- enhanced T1 sequence 
from a MRU has a sensitivity of 100 % and a 
specificity of 78 % for the detection of renal 
scars [33].

During DMSA scans, acute pyelonephritis 
and renal scars are similarly characterized by 
areas of decreased uptake of the radionucleotide. 
However, because MRU can easily differentiate 
renal parenchyma from the background, these 
lesions can be further characterized based on their 
renal contours and signal intensities. Gadolinium-
enhanced imaging sequences produce low signal 
intensity in normal kidneys, whereas areas of 
acute pyelonephritis display high signal intensity 
on a background of low signal intensity within 
the renal parenchyma (Fig. 4.15) [31]. Renal 
scars are seen on T2- weighted images as focal 
areas of parenchymal loss often associated with 
a deformed underlying calyx (Fig. 4.16), which 

a b

Fig. 4.14 T2-weighted images of 18-month-old boy with (a) left multicystic dysplastic kidney (arrow) secondary to 
(b) an ectopic ureter seen inserting into posterior urethra above the sphincter (arrow)
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results in an abnormal renal contour. Affected 
regions show no appreciable contrast enhance-
ment. Recent technical advances have made 
it possible to capture the cortical phase of the 

dynamic post-contrast scan which appears to 
be the best sequence to identify cortical perfu-
sion defects and may negate the need for longer 
 inversion-recovery sequences [34].

a b

Fig. 4.15 An 8-year-old boy with febrile UTI and equivo-
cal renal ultrasound. (a) T2-weighted image showing high 
signal intensity in lower pole of left kidney and  ipsilateral 

psoas muscle (arrow) consistent with an  inflammatory pro-
cess. (b) T1-weighted gadolinium-enhanced image demon-
strating renal abscess in lower pole of left kidney (arrow)

a b

Fig. 4.16 (a) T2-weighted pre-contrast image of the right 
kidney showing an upper pole segment with low signal 
intensity (arrow) and (b) T1-weighted post-contrast image 

with decreased uptake of gadolinium in posterior upper 
pole segment (arrow) consistent with a postinfectious 
renal scar
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Using the initial renal evaluation of a child 
with a febrile urinary tract infection (UTI) as the 
primary guide to subsequent urinary tract evalu-
ation advocates for the use of DMSA scanning 
as the initial imaging study in order to identify 
those children at risk of progressive renal injury 
[35]. The same argument could therefore be 
made for using MRU as the initial radiological 
study in children with a documented febrile UTI 
as it can clearly identify those with renal involve-
ment. Additionally, it can distinguish among 
acute pyelonephritis, renal scarring, and reflux 
nephropathy, which is not possible when using 
more traditional radiologic studies.

Vesicoureteral Reflux (VUR)
Currently, the gold standard investigation for 
detecting VUR is a voiding cystourethrogram 
(VCUG). The VCUG provides anatomic visual-
ization of the bladder, any filling defects, and ure-
thra, detects vesicoureteral reflux, and is the only 
modality that shows the calyceal detail to grade 
VUR during voiding. Despite its widespread use, 
a VCUG is associated with direct irradiation to 
the gonads of pediatric patients with exposures 
ranging from 0.7 to 1.1 mSv in boys and from 
0.27 to 1.25 mSv in girls [36]. With the recent 
advent of near real-time magnetic resonance 
fluoroscopy, MRVCUG has been used and evalu-
ated as a potential alternative to VCUG for the 
detection of VUR even though the voiding phase 
may not be obtained [37].

During this study, T1-weighted images are 
analyzed before and after transurethral  injection 
of gadolinium. When compared to conventional 
VCUG, Lee et al. found that MRVCUG has 
a  sensitivity of 76 % and a specificity of 90 % 
for detecting VUR and demonstrated good 
 concordance with grading [38]. With current 
MR  technology, these inferior results are likely 
caused by the inherent difficulties of assessing 
the voiding phase during MR imaging because 
children may be under sedation or anesthesia and 
unable to void. Whether the MRVCUG becomes 
more clinically useful may depend upon future 
technological developments.

One of the added benefits of MR urography 
compared to VCUG alone in the workup of a 

child with VUR is that it can simultaneously 
image the kidneys to assess for the presence of 
reflux nephropathy and post-pyelonephritic scar-
ring. Assessing the degree of renal damage and 
presence of significant reflux nephropathy in a 
child with VUR may alter management when 
deciding among the various treatment options, 
which can range from close follow-up to recon-
structive surgery [39].

 Renal Masses

While the initial imaging modality of choice for 
investigating a child with a renal mass is usually 
ultrasonography because it can effectively char-
acterize the cystic and/or solid nature of the 
lesion, if malignancy is considered additional, 
more detailed imaging is usually required. 
Traditionally, CT has been employed in these 
patients to determine the precise origin of the 
mass, degree of local invasion, vascularity, and 
presence of local and distant metastases. 
Although CT scans are clinically useful, ionizing 
radiation exposure to children ranges from 3 to 
20 mSv. Children with malignant renal masses 
may require serial body CT scans to assess for 
disease recurrence, increasing the known risks of 
secondary cancers from exposure to ionizing 
radiation [40].

The first indication to use MRI in the pediatric 
population was in children with Wilms’ tumor 
[24]. These tumors are generally heterogeneous 
with variable signal intensities due to the cystic, 
hemorrhagic, and necrotic components that are 
often present (Fig. 4.17). Since its debut over 
25 years ago, MRI has been increasingly used to 
diagnose, stage, monitor response to chemother-
apy, and follow patients with Wilms’ tumor [41]. 
CT and MRI are equally capable of detecting 
lymph node involvement (sensitivity 67 % and 
specificity 100 %) and perirenal tumor extension 
(sensitivity 60 % and specificity 90 %), which is 
critically important when determining if preop-
erative chemotherapy is needed [42]. Other stud-
ies have demonstrated that MRI is superior to CT 
for the detection of renal vein and IVC thrombus 
(100 % vs. 50 %) and for detecting synchronous 
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bilateral Wilms’ tumor (100 % vs. 87 %) [43, 44]. 
Since MRI does not expose patients to radiation 
and has been shown to be equivalent and in some 
instances superior to CT scanning, most institu-
tions have adopted it as their primary  imaging 
modality of choice for malignant renal masses.

 Renal Transplantation

The evaluation of a potential living renal trans-
plant donor is extensive and is designed to iden-
tify candidates with normal renal anatomy and 
function. Traditionally, this was accomplished 
by using multiple imaging modalities, includ-
ing various combinations of ultrasonography, 
CT scanning, renal scintigraphy, and renal angi-
ography [45]. Recently, MRI has been shown to 
serve as a cost-effective single study alternative 
to comprehensively assess the renal function and 
vessel morphology of potential living kidney 
donors [46].

MRI with or without gadolinium is an accu-
rate method to assess for posttransplant renal fail-
ure and urologic complications following renal 
transplantation, but gadolinium is no longer 
administered as frequently due to concerns 
related to nephrogenic systemic fibrosis (NSF, 
see below) [47]. A recent study comparing T2- 
weighted and contrast-enhanced sequences for 
the evaluation of posttransplant renal failure has 
shown T2-weighted images without contrast to 
be as accurate (sensitivity 76 % and specificity 

74 %) as contrast-enhanced MRU (sensitivity 
86 % and specificity 83 %) while avoiding poten-
tial gadolinium-related toxicity [48].

 Complex Fetal GU Anomalies

The recent interest in fetal MRI was sparked 
in 1994 when a 3-year follow-up study failed 
to show any harmful side effects in children 
imaged in utero, including hearing deficits [49]. 
It is important to note that gadolinium crosses 
the placenta and is not recommended in preg-
nant women. Rather, T2- weighted sequences 
and diffusion-weighted images are used to delin-
eate dilated urinary tracts, characterize the renal 
parenchyma, and may predict renal function.

Fetal MRI is an accurate means of evaluating 
complex fetal urinary tract anomalies detected 
by prenatal ultrasound (Fig. 4.18). Kajbafzadeh 
et al. compared fetal MRI and prenatal ultraso-
nography with postnatal autopsy and surgical 
pathology results. This study found that fetal 
MRI was significantly more sensitive than ultra-
sound in the detection of fetal uropathies, 96 % 
vs. 58 %, respectively, and provided additional 
information in 33 % of cases [50]. MRI during 
pregnancy may characterize the cause of oligo-
hydramnios in fetuses with genitourinary and/or 
pelvic and perineal pathology. Notably, informa-
tion gained from fetal MRI in one study lead to a 
change in therapeutic approach in 33 % of new-
borns [51].

Fig. 4.17 A 3-year-old girl 
with a T2-weighted image 
demonstrating large heterog-
enous and cystic mass in the 
upper pole of the left kidney 
encased by a low signal 
pseudocapsule consistent with 
Wilms’ tumor (solid arrow). 
Perilobar nephrogenic rests 
are also seen in the lower pole 
of the ipsilateral kidney 
(asterisks), and hilar 
lymphadenopathy is present 
concerning for regional 
metastasis (dotted arrow)
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 Ambiguous Genitalia and Disorders 
of Sexual Development

Disorders of sexual development (DSD) include 
a spectrum of congenital anomalies in which the 
chromosomal sex differs from the phenotypic sex 
or when the phenotypic sex is ambiguous and not 
classifiable. Establishing a precise diagnosis in 
DSD is critically important since ambiguity often 
represents a social, psychological, and some-
times medical emergency, in the newborn. DSD 
can be subcategorized into four main groups 
which include disorders of gonadal differentia-
tion, masculinized female (46, XX – female 
pseudohermaphrodism often represented by con-
genital adrenal hyperplasia), undermasculinized 
male (46, XY – male pseudohermaphrodism, tes-
ticular feminization), and ovotesticular syndrome 
(true hermaphroditism) [52]. Many of these chil-
dren require abdominopelvic evaluation to iden-
tify the internal reproductive anatomy and gauge 
the functional potential of the genitalia and 
reproductive tract. Anatomic depiction of the 
internal genitalia is essential not only for gender 

assignment but, moreover, for planning surgical 
reconstructive procedures.

Ultrasound is typically the first radiologic 
examination obtained because is it a noninva-
sive, rapid way to detect the presence and loca-
tion of the gonads and ductal structures. MRI can 
be used to identify and clarify abdominopelvic 
genital anatomy when ultrasonography is inde-
terminate (Fig. 4.19). MRI has been shown to 
accurately identify the uterus in 93 %, the vagina 
in 95 %, the penis in 100 %, the testis in 88 %, 
and the ovary in 74 %. MRI can also differen-
tiate between a penis and a hypertrophied cli-
toris when the supporting penile structures are 
depicted, which include the bulbospongiosus 
muscle and posteriorly located transversus peri-
nea muscle [53].

Rarely, MRI may be used to detect a potential 
undescended or abdominal testes. Ectopic gonads, 
testes, and immature ovaries are readily seen on 
MRI because they have an intermediate signal 
intensity on T1-weighted sequences and a high sig-
nal intensity with an intermediate signal intensity 
surrounding the rim on T2-weighted images [54]. 

a b

Fig. 4.18 A 25-year-old G5P2 carrying singleton fetus 
at 32 weeks’ gestation with (a) left multicystic dysplas-
tic kidney (arrow) and (b) right hydronephrosis with 

 proximal ureteral dilation and small subcortical cysts 
(arrow) not seen on ultrasound consistent with obstruc-
tive nephropathy
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When normal sized, these are bright and easily 
detected on MRI, and when absent, associated 
atrophic vessels may be seen (Fig. 4.20).

 Clinical Contraindications 
and Limitations (Table 4.3)

End-Stage Renal Disease  
(Dialysis Dependent)
Gadolinium-enhanced MRI is specifically con-
traindicated in dialysis-dependent patients and 
those with renal failure (GFR <30 ml/kg/m2) in 
association with inflammatory conditions (i.e., 
infection, surgery) because of the potential for 
NSF [55]. When gadolinium is contraindicated, 
T2-weighted sequences can be used to assess the 
urinary tract.

Adverse Gadolinium Reactions
A previous history of allergic or  anaphylactic reac-
tion to gadolinium is an absolute  contraindication 

for the use of gadolinium-based contrast agents 
(GBCA) during MRI. GBCAs are generally well 
tolerated in the pediatric population and rarely 
reported to cause adverse events. Most side effects 
are mild, such as headaches, nausea, and taste 
perversion. Mild reactions have been reported 
in up to 8 % of patients, and allergic reactions 
occur between 0.04 and 0.4 % of the time fol-
lowing gadolinium exposure [56]. Known allergy 
to iodine-based contrast agents does not preclude 
the use of GBCA.

Nephrogenic systemic fibrosis (NSF) is a rare 
condition involving fibrotic lesions of the skin and 
internal organs that has been associated with gad-
olinium exposure when administered with severe 
renal insufficiency [57]. There have been nine 
reported cases of NSF in the pediatric  population 
that were linked to GBCA exposure [58, 59]. The 
incidence of NSF in the general  population is less 
than 0.1 % but can occur in up to 3 % of patients 
with specific risk factors, including renal failure 
(acute or chronic), the use of certain forms of 
GBCA (i.e., gadodiamide), or exposure to high 

a b

Fig. 4.19 T2-weighted images of 12-month-old girl with 
ambiguous genitalia demonstrating (a) bifid bladder with 
common septum (solid arrow), uterus (dotted arrow), and 

ovary (asterisk). (b) Urogenital sinus with low urethral 
confluence (arrow)
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doses of GBCA [60]. With the adoption of restric-
tive usage policies for gadolinium in the USA, the 
incidence of NSF has significantly decreased [55].

Metallic Foreign Bodies
MRI-induced heating is a recognized risk for 
implanted metallic devices as the radiofrequency 
field energy generated during MRI can be  coupled 
into conducting metal (especially ferrous con-
taining) and can cause severe device malfunction, 
injury, and imaging artifact in patients with pace-
makers or orthopedic implants. Artificial  urethral 

sphincters and titanium, cobalt- chromium, 
copper-based rods, surgical clips, and staples 
are usually compatible with MRI [61]. Some 
devices, such as ventriculoperitoneal shunts and 
drug delivery systems, are also compatible with 
MRI but may require reprogramming after expo-
sure to the magnetic field [62].
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           Introduction 

 The voiding cystourethrogram (VCUG) is one 
of the most commonly performed studies in 
pediatrics. A VCUG is a fl uoroscopic study 
that can assess the structure and function of 
the bladder and the structure of the urethra. It 
is frequently used in the evaluation of children 
with urinary tract infections to determine the 
presence of vesicoureteral refl ux (VUR), blad-
der diverticula, complete bladder emptying, 
and to assess for possible bladder sphincter dis-
coordination. VCUG is also performed in the 
evaluation of hydronephrosis, congenital renal 
anomalies, imperforate anus, cloacal abnormali-
ties, disorders of sexual differentiation, trauma, 
and  screening siblings for VUR. In addition, it 
 provides information regarding the urethra and 
is used in diagnosing posterior urethral valves, 

urethral strictures, or suspicion of a duplicated 
urethra or other anomalies. 

 Vesicoureteral refl ux (VUR) may lead to renal 
scarring. Neonates and infants are most suscep-
tible, as the greatest risk of renal damage is dur-
ing the fi rst 2 years of life [ 1 ]. Refl ux is the most 
common cause of antenatally detected hydrone-
phrosis, accounting for up to 40 % of cases [ 2 ] 
and also is present in 30–50 % of children who 
present with a febrile UTI [ 3 ]. 

 The study is performed in a fl uoroscopic suite. 
The urinary bladder is catheterized and emptied. 
It is then fi lled with radiopaque contrast by grav-
ity drip. At a minimum, images should include an 
early fi lling image, bilateral oblique images of the 
ureterovesical junction (UVJ) when the bladder is 
full, voiding images of the urethra, and post-void 
images of the kidneys and bladder. Depending 
on the child, the study can be performed with or 
without sedation. Careful technique is required 
to provide adequate images without exposing the 
child to unnecessary radiation.  

    Physics 

 The fl uoroscopic equipment has several 
 components: the x-ray generator, x-ray tube, col-
limator, fi ltration, grid, image intensifi er, opti-
cal coupling, video camera, and the monitor as 
 demonstrated in Fig.  5.1 .

    The x-ray generator  allows for the selection of 
kilovolt peak (kVp) and tube current (mA) that is 
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delivered to the x-ray tube. Generator types may 
be single phase, three phase, constant potential, 
and high frequency. Continuous or pulsed expo-
sure is used to energize the tube. The main advan-
tage of pulsed exposure is reduction in radiation 
exposure. There may be improvement in tempo-
ral resolution and decreased motion artifact. 
High- frequency generators provide superior 
exposure reproducibility and are the most com-
pact and the cheapest, making them the most 
commonly used equipment [ 4 ]. 

  The x-ray tube  converts electrical energy 
 produced by the generator into an x-ray beam. 

  The collimator  defi nes the shape of the x-ray 
beam and limits the x-ray beam to the fi eld of 
vision. The x-ray beam should be collimated to 
the area of interest to decrease the radiation to the 
tissue, therefore reducing the scatter produced 
and improving image contrast. When using 
collimation, it is important that the electronic 
collimation matches the manual collimation. 
Electronic collimation can mask critical informa-
tion included on the image and cover up anatomy 
that is exposed [ 5 ]. 

  Filters  are used to attenuate low energy x-rays 
from the beam, which are absorbed by the patient 
but not transmitted to the image receptor. By 
absorbing these rays, fi lters aid in decreasing 
exposure to the patient. 

  Anti-scatter grids  reduce the scattered x-rays 
reaching the image receptor, thereby improving 
the image contrast. However, this requires an 
increase in radiation exposure. Grids should be 
removed when performing studies where the 
scatter is low, particularly in pediatrics. 

  The image intensifi er  converts x-rays into a 
visible light image and amplifi es the image 
brightness for better visibility [ 4 ]. Optical cou-
pling distributes light from the image intensifi er 
output window to a video camera and other image 
recording devices. A television system is used to 
view the image and a recording device stores the 
images.  

    Radiation Exposure and Radiation 
Safety 

 When using radiation, the ALARA principle, 
or  a s  l ow  a s  r easonably  a chievable, should be 
implemented. This term was fi rst used to refer 
to power plant and other radiation workers and 
has subsequently been applied to the medical 
imaging. Decreasing radiation exposure is 
especially important when children are involved 
as the radiation effects are cumulative, lifelong, 
and children are more sensitive to the effects of 
radiation. The linear no-threshold model of 
potential radiation damage means that any dose 
of radiation may cause some harm. Potential 
clinical effects of radiation exposure, in 

Monitor

Video camera

Image intensifier

Grid

Patient

Table

Filtration

Collimator

X-ray tube

X-ray generator

Optical coupling

  Fig. 5.1    Diagram shows the components of a fl uoro-
scopic imaging chain [ 4 ] (Reprinted from Schueler [ 4 ]. 
With permission from Radiological Society of North 
America)       
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 addition to those of malignancies, are listed on 
Table  5.1 .

   When considering the use of radiation, fi rst 
one should ask if there is a non-radiation alterna-
tive that can provide the information desired, 
such as ultrasound. For many of the indications 
for obtaining a VCUG, the answer is no. Next, 
one should focus on decreasing the amount of 
radiation exposure to the patient. This is where 
the ALARA principle is applied. 

 Three factors affect the radiation dose to 
health care workers as well as to the patient for 
any radiographic procedure: time, distance, and 
shielding. 

 Time refers to the duration the patient is 
under exposure. Radiation exposure is directly 
proportional to the duration of fl uoroscopic 
time so one should be mindful of the amount of 
time exposures are collected. Having protocols 
in place for the timing and number of images 
obtained during a VCUG can decrease the 
amount of radiation administered. For exam-
ple, for a routine VCUG, there is little value in 
obtaining images over the ureters during fi lling 
or voiding unless an abnormality is seen. Time 
is decreased by having experienced personnel 
perform the procedure and teach those who are 
learning. The use of stopwatches, alarm bells, 
or radio communication letting the operator 
know how long the machine has been used for 
can decrease the exposure time [ 6 ,  7 ]. Pulsed 

fl uoroscopy reduces radiation  exposure by 
decreasing the amount of time the beam 
reaches the patient compared with continuous 
fl uoroscopy. 

 Distance refers to separation of the subject 
from the radiation source. Increasing distance 
decreases the radiation dose in an inversely pro-
portional fashion. The radiographic exam table 
should be as far from the radiation source as pos-
sible, although this is a fi xed distance in fl uoros-
copy. The patient should be as close as possible 
to the image intensifi er to reduce the scatter, 
although this may need to be modifi ed due to 
patient fright and inability to cooperate. A less 
cooperative patient can lead to increased exam 
and exposure time due to motion artifact, causing 
the need to repeat images. 

 Shielding not only benefi ts the patient but also 
reduces the intensity of the radiation reaching the 
worker [ 7 ]. Shielding refers to limiting the direc-
tion of the radiation source in the housing and to 
collimating the beam size to minimize the x-ray 
exposure and scatter; it may include using lead 
pads to protect parts of the patient not involved in 
the examination and includes leaded rooms and 
aprons to protect workers in and outside of the 
fl uoroscopy room. 

 As mentioned previously, the use of grids 
should only be used when the body part thickness 
indicates their use (when body part thickness is 
more than 12 cm) and should be removed when 
not indicated [ 8 ], which is common in 
pediatrics. 

 A combination of features can  markedly 
reduce the radiation exposure. By using 
low- frequency pulsed fluoroscopy, tight col-
limation, no magnification, and half-dose 
parameters, the reduction in effective dose can 
be as high as 90 % without sacrificing resolu-
tion [ 3 ,  6 ,  9 ]. Using high-quality image-cap-
ture technology can also reduce radiation dose 
[ 9 ,  10 ]. Modern techniques have decreased 
the radiation dose of fluoroscopic VCUGs 
from 100 times to 10 times the radiation dose 
compared to radionucleotide cystograms [ 3 ], 
although the radiation dose may vary with 
fluoroscopic VCUGs pending the number of 
images obtained.  

   Table 5.1    Potential clinical effects of radiation 
exposure   

 Skin effects 
 Threshold dose 
(Gy) 

 Time of 
onset 

 Early transient 
Erythema 

 2  2–24 h 

 Main erythema 
reaction 

 6  1.5 weeks 

 Temporary depilation  3  3 weeks 
 Permanent depilation  7  3 weeks 
 Dermal necrosis  >12  >52 weeks 
 Eye effects 
  Lens opacity  >1–2  >5 years 
  Cataract  >5  >5 years 

  Reproduced from Connolly [ 6 ]. With kind permission 
from Springer Science and Business Media  
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    Digital Fluoroscopy 

 As technology continues to advance, digital 
 fl uoroscopy is becoming the mainstay. Digital 
radiology uses x-ray sensors bonded onto thin-
fi lm transistor integrated circuits to instanta-
neously convert the image stored on the sensor to 
a visible digital image [ 11 ]. This can be either 
through direct detection, converting the x-rays 
into an electronic charge, or indirect, by convert-
ing the x-rays into light and then converting the 
light into an electronic charge. In fi lm, optical 
density on the fi lm is used as an exposure indica-
tion. With digital images, overexposed images 
are not as easily identifi ed as underexposed 
images, resulting in unknowingly increased radi-
ation exposure [ 8 ]. Underexposed images are 
easily identifi ed by increased noise. However, 
overexposed images are sharp, and exposure can-
not be assessed visually. Up to 43 % of pediatric 
digital images are overexposed [ 11 ]. Feedback 
on the exposure is provided by the exposure indi-
cator at the image receptor. It is infl uenced by the 
part thickness, artifacts, source-to-image dis-
tance, collimation, grids, centering, image plate 
size, and equipment and detector design [ 8 ]. 
There is a tendency towards exposure creep, the 
gradual increase in the technician’s selected 
exposure to obtain better quality images, as tech-
nicians need to repeat underexposed images [ 8 ]. 
In some areas, there is a trend towards exposure 
slide, where the radiologist accepts a nosier 
image until the image cannot be interpreted and 
needs to be repeated [ 5 ]. As a result, periodic 
checks by tracking exposure index and deviation 
index should be performed on a regular basis to 
assess for appropriate exposure. 

 Other challenges in digital imaging include 
the lack of standardization among vendors, lack 
of pediatric specifi c educational material and 
techniques, inability to use automatic exposure 
control in smaller children, and limitations of 
collimation and shielding of unnecessary body 
parts in smaller children [ 5 ]. Vendors of different 
machines have different exposure indicators; 
they have variable nomenclature and nonstandard 
units for reference values. In addition to the val-
ues being different, they may also be in inverse 

order so that the values may increase for 
 overexposure for one manufactured and decrease 
for another [ 5 ]. Lastly, values provided may be 
inaccurate or uninterpretable in small children as 
indicated in Table  5.2 . Technicians may be 
 working with various types of machines in a given 
work day, making it more diffi cult to determine 
the amount of radiation being provided. These 
challenges are depicted on Table  5.3 .

    Despite these challenges, there are many 
advantages to digital radiography. The last image 
taken can be saved without having additional 
radiation exposure [ 3 ], post processing allows the 
radiologist to analyze various anatomical sites 
without needing additional images, the images 
can be stored and retrieved without losing image 
quality, and they can be accessed by various pro-
viders throughout a network.  

    Technical Considerations 

    Timing of VCUG 

 VCUGs needed for evaluation of a congenital 
anomaly can be obtained at any time. When a 
VCUG is necessitated following a urinary tract 
infection, previous recommendations were to 
delay the study by several weeks to allow the 
infl ammatory process to resolve, as this may 
lead to detection of transient refl ux secondary to 
ureteral dilation and infl ammatory changes at the 
UVJ if performed too early [ 13 ,  14 ]. In addition, 
there also were concerns that if a VCUG is per-
formed during an active infection, it may pro-
long the UTI or lead to bacterial dissemination 
and possibly sepsis [ 15 ]. Spencer [ 15 ] performed 

   Table 5.2    Technical factors that can affect the exposure 
indicator (EI)   

 Size of detector/image receptor matched to patient size 
 Collimation and fi eld size in relation to patient’s body 
parts 
 Metal implants in patients (scoliosis rods, metal plates, 
screws, pacemakers) 
 Gonadal shield 

  Reproduced from Goske [ 5 ]. With kind permission from 
Springer Science and Business Media  
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a retrospective review of VCUGs obtained over a 
5-year period in all children admitted with 
a febrile UTI. Children were divided into two 
cohorts: those with an early VCUG, performed 
within the week of diagnosis after appropriate 
antibiotics had been initiated (67 patients), and 
those with a late VCUG, performed more than 
1 week after diagnosis (65). All patients were 
followed for a period of 5 years after discharge 
to assess for complications. The incidence and 
severity of VUR were similar in the two groups. 
The early group showed no sign of worsening 
illness after the test was performed and had simi-
lar ED and hospital admissions rate as the late 
group. One hundred percent of the patients in the 
early group had their VCUGs done vs. 77 % in 
the late group ( p  = 0.005). These fi ndings suggest 
that VCUGs can be obtained safely after appro-
priate antibiotics have been instituted and that 
compliance rates are better when the test is per-
formed early, especially if it performed during 
an acute hospitalization. This could also be ben-
efi cial for children with recurrent episodes of 
pyelonephritis, who may only refl ux during an 
active infection.   

    Patient Preparation 

 VCUGs are considered to be one of the most 
stressful urologic studies performed for both 
patients and parents [ 9 ,  16 ] with up to 27 % of 

patients experiencing severe distress [ 17 ] and 
71 % of children experiencing serious or severe 
distress or panic on the Groningen Distress 
Rating Scale [ 16 ]. Distress may be secondary to 
the catheterization, but also may be related to 
fear of the unknown. Unexpected stress is more 
anxiety provoking and more diffi cult to deal with 
than anticipated or predicted stress [ 9 ]. Srivastava 
et al. [ 18 ] found that parents anticipated their 
child would experience more fear than they 
observed ( p  = 0.04), tended to anticipate that 
their child would suffer more distress than 
observed ( p  = 0.08), and anticipated that their 
child would suffer far more distress after the 
VCUG than they observed ( p  < 0.01). There was 
a signifi cant correlation between the parents’ 
anxiety and their perception of the severity of 
their child’s fear ( r  = 0.52,  p  = 0.009), distress 
( r  = 0.48,  p  = 0.017), and pain ( r  = 0.50,  p  = 0.01) 
during the procedure. 

 Preparation of both the parent and the child 
via education can help decrease perceived anxi-
ety and stress levels for the parents and the child 
[ 19 ,  20 ]. Education can be in the form of reading 
materials or videos. In some centers, children are 
given a tour and allowed to sit on the table while 
a doll is catheterized as the procedure is explained 
so they know what to expect and are given an 
opportunity to ask questions. After determining 
that VCUGs were one of the most stressful stud-
ies performed at their institution partly due to 
lack of information, Phillips et al. [ 16 ] sought to 

   Table 5.3    Suggested guidelines for QC action based on estimated incident exposure (conventional CR system for an 
“equivalent” speed class = 200)   

 Fuji (S No.)  Agfa (IgM)  Kodak(exposureindex) 
 Detector exposure 
estimate (mR)  Indication 

 >1,000  <1.45  <1,250  <0.20  Underexposed: repeat 
 1,000–601  1.45–1.74  1,250–1,549  0.2–0.3  Underexposed: QC exception 
 600–301  1.75–2.04  1,550–1,849  0.3–0.7  Underexposed: QC review 
 300–150  2.05–2.35  1,850–2,150  0.7–1.3  Acceptable range 
 149–75  2.36–2.65  2,151–2,450  1.3–2.7  Overexposed: QC review 
 74–50  2.66–2.95  2,451–2,750  2.7–4.0  Overexposed: QC exception 
 <50  >2.95  >2,750  >4.0  Overexposed: repeat if 

necessary 

  Reprinted from Williams et al. [ 12 ]. With permission from Elsevier 
 ©2013, the American Society of Radiologic Technologists. All rights reserved. Reprinted with permission of the ASRT 
for educational purposes 
 Abbreviations:  IgM  log of median exposure,  QC  quality control,  S number  sensitivity number  
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determine if better patient preparation would 
alleviate parental and patient distress. They had 
two intervention groups and compared their dis-
tress level to their historic controls. One interven-
tion group was given a story book describing the 
procedure and expectations, while the second 
group was given the book as well as play therapy 
where they had the procedure explained with the 
aid of a gender appropriate doll. The child’s dis-
tress was signifi cantly reduced with preparation 

( p  = 0.0026) with a median distress score on the 
Groningen Distress Rating Scale of 2.5 in the 
preparation group vs. 3.3 in the controls (Fig.  5.2 ). 
Among the preparation group, children had lower 
distress scores when parents provided full disclo-
sure compared to those where parents avoided or 
omitted upsetting details ( p  = 0.0025) (Fig.  5.3 ). 
Between the two preparation groups, there was 
no difference in distress scores with the addition 
of play therapy.
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  Fig. 5.2    Overall distress 
rating (with and without 
preparation) [ 16 ]. Legend: 
 White bar , no prep ( n  = 75); 
 black bar , prep ( n  = 33). 
Groningen Distress Rating 
Scale:  1 , calm;  2 , mild 
distress;  3 , serious distress; 
 4 , severe distress;  5 , panic 
(Reproduced from Phillips 
[ 16 ]. With kind permission 
from Wiley)       
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    During the procedure, a calm parent should be 
allowed to accompany the child as this decreases 
patient distress [ 16 ]. Parents can help their child 
by providing support and distracting them with 
toys, videos, balloons, etc. In addition, children 
depend on their parents to help them cope with 
stressful situations [ 16 ]. Children have been 
found to be more cooperative and calm with inva-
sive procedures when supported by their parents 
and prompted to model coping behaviors [ 16 ]. 
The use of child life specialists when available is 
also recommended.  

    The Role of Sedation 

 Despite appropriate preparation, some patients 
may still exhibit high levels of distress when 
having a VCUG, particularly if they have had a 
previous negative experience such as prior cath-
eterization or if there are other external circum-
stances. During these situations, sedation may 
be useful. There are several concerns regarding 
the use of sedation: cost, time, safety, and effects 
sedation can have on bladder dynamics. Herd 
found that the increased costs were related to 
the need for a recovery room and staff and that 
safety was excellent in the context of experi-
enced staff with proper equipment and available 
emergency preparations [ 21 ]. In a randomized 

trial of  sedation vs. placebo, sedation added 
 approximately 60 min to the entire procedure, 
mostly as recovery time [ 22 ]. There was no sig-
nifi cant difference in the fi lling or voiding phase, 
and there was no difference in the volume infused 
between the two groups [ 22 ]. VUR was identifi ed 
in 16 % of children, without difference between 
the two groups ( p  = 0.31). 

 Although the use of sedation increases the 
overall procedure time, sedation is useful in 
decreasing anxiety and distress among children 
older than 1 year and their parents. In a random-
ized double-blind controlled trial of oral mid-
azolam 30 min prior to catheterization at a dose 
of 0.5 mg/kg vs. placebo, 61 % of children expe-
rienced serious or severe distress in the placebo 
vs. 16 % in the treatment group, with the NNT 
being 2.9 (Fig.  5.4 ) [ 22 ]. When the test was 
divided into parts (entering the room, catheteriza-
tion, fi lling, voiding, and leaving the room), there 
were differences in distress detected at entering 
the room ( p  = 0.01), fi lling ( p  = 0.0001), and void-
ing ( p  < 0.0001), and no difference detected at 
catheterization ( p  = 0.10) and leaving the room 
( p  = 0.18) as depicted in Fig.  5.5 . Both groups 
were provided educational pamphlets and offered 
play therapy prior to the procedure. In review of 
fi ve comparative studies, the use of midazolam 
signifi cantly lessened distress without affecting 
voiding dynamics or having adverse effects [ 21 ]. 
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  Fig. 5.4    Distress levels at 
any stage during voiding 
cystourethrography [ 22 ].  Bar 
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Ferguson randomized children to midazolam 
15 min prior to the procedure vs. placebo in a 
double-blind fashion and found no difference 
with the use of midazolam at decreasing anxiety 
in children or in their secondary outcomes of the 
degree of parental anxiety, health care profes-
sional perception, and post-procedure behavior 
outcomes [ 23 ]. It is possible that the differences 
may be secondary to a smaller sample size, 
decreased wait time to the procedure, or the use 
of different assessment tools.

    The use of nitrous oxide and propofol has also 
been studied. In a retrospective study of the use 
of propofol, there was a decreased ability in chil-
dren to completely void, which may interfere 
with the diagnosis of VUR [ 24 ]. Keidan et al. 
compared 50 % nitrous oxide in 23 children to 
0.5 mg/kg oral midazolam in 24 children; there 
was no placebo group [ 21 ]. They did not fi nd a 
signifi cant difference in the two groups. There 
was a trend towards longer time to void in the 
nitrous group (15.3 min vs. 7.2 min), although 
this was not signifi cant ( p  = 0.8), but those in the 
nitrous group had a faster recovery time (29 min 
vs. 63 min,  p  < 0.001). Zier used 70 % nitrous for 
catheterization only in 107 older children and 
compared this to 107 children without the use of 
sedation. FACES scale was 6 for the nonsedated 
group and 0 for the sedated group ( p  < 0.001) 
immediately after catheterization and the Brief 

Behavioral Distress Scores were 44 in the 
 nonsedated group vs. 11 for the sedated group 
( p  < 0.001) [ 21 ]. 

 Overall, the use of sedation can help alleviate 
distress in older children and does not appear to 
affect bladder dynamics or detection of VUR. It 
is safe when used appropriately and with experi-
enced staff in a setting where emergency proto-
cols are set in place.  

    Catheterization 

 Catheterization of the urethra should be per-
formed using strict aseptic technique. An 8 
French feeding tube should be used instead of an 
indwelling catheter as having an infl ated catheter 
balloon can be falsely mistaken for a ureterocele. 
For older children, a larger catheter can be used, 
and a smaller one for premature or very small 
infants. The catheter should be advanced no fur-
ther than 1–2 cm after urine is obtained to prevent 
injury to the bladder or the formation of a knot in 
the tube. The catheter should be secured and a 
urine sample sent for aerobic culture and sensi-
tivity, as up to 3 % can be positive for a urine 
infection [ 9 ]. Alternatively, a urine dip can be 
performed and cultures sent for those specimens 
that are positive for leukocytes and/or nitrites [ 9 ]. 
In uncircumcised newborns, the foreskin should 
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not be forcefully retracted. It is imperative that 
the phallus not rest over a urinal, as this may 
cause external compression of the urethra giving 
a false impression of urethral obstruction. In 
boys, the external sphincter is the most common 
site of resistance. Applying gentle, steady poste-
rior pressure can help advance the catheter into 
the bladder. Also, advancing the catheter when he 
takes a deep breath may facilitate placement. If 
he voids during catheter placement, maintain a 
hold of the catheter and continue to advance, 
since the urethra is open during voiding. In girls, 
good retractions of the labia with the aid of soft 
gauze can help visualize the meatus midline, just 
anterior to the vagina. Two percent lidocaine jelly 
can be used to decrease sensation in older chil-
dren but needs to be placed several minutes prior 
to catheterization in order to take effect. 

 There is some debate as to whether the cathe-
ter should remain in or be removed during the 
voiding phase of the VCUG. The main concern 
about leaving the catheter in place is possibly 
missing posterior urethral valves (PUV). To 
address this question, Ditchfi eld et al. performed 
a retrospective study of the preoperative VCUGs 
performed in a consecutive series of 48 boys with 
cystoscopically proven PUV [ 25 ]. The VCUGs 
were independently reviewed by three radiolo-
gists. The catheter was left in place during void-
ing in 28 (58 %) and removed in 17 (35 %). Three 
patients (6 %) had the study performed with and 
then without a catheter. PUV were detected in 25 
(89 %) of the 28 with a catheter and 15 (88 %) 
without the catheter. Five boys were found to 
have PUV on cystoscopy, but the VCUG did not 
have a dilated posterior urethra or “other evi-
dence of obstruction.” Of those 5 boys, 3 had the 
VCUG performed with a catheter, and 2 had it 
without a catheter. In the three boys that had the 
VCUG performed with and without the catheter, 
PUV were detected in both studies. Overall, there 
was no difference in the detection of PUV if 
voiding took place with or without a catheter as 
demonstrated on Table  5.4 .

   There are several benefi ts to leaving the cath-
eter in place during voiding: cyclic exams would 
not require re-catheterization, exams can be 
repeated if the results are equivocal or there are 

technical failures, and the bladder can be dis-
tended until the patient initiates voiding. In addi-
tion, if there is contrast remaining in the upper 
tracts, the bladder can be drained to determine if 
the residual contrast is due to continuous refl ux 
or secondary obstruction [ 25 ,  26 ].  

    Contrast Media 

 Low-osmolar contrast material should be ade-
quate. Dilute contrast is useful when trying to 
outline the presence of the ureterocele as 
 concentrated contrast at large volume may 
obscure its detection. Taking into account the 
effects on the bladder and children’s distress to 
cold (room temperature) contrast on children’s 
distress and on the bladder, ideally the contrast 
material should be warm (body temperature). 
Receptors located within the bladder mucosa 
and trigone are responsible for a very sensitive 
cooling refl ex [ 9 ]. They stimulate unmyelinated 
C-afferent fi bers in the pelvic and pudendal 
nerves that consequently stimulate a detrusor 
contraction [ 27 ]. As a result, infusing the blad-
der with cold fl uid can cause the bladder to 
empty at smaller volumes [ 9 ,  27 ]. This refl ex is 
usually suppressed by 4 years of age [ 27 ]. When 
looking at distress levels in children under 
1 year of age, 72 % of children having warm 
instillation had minimal distress vs. 48 % hav-
ing cold instillation (Fig.  5.6 ) [ 27 ].

   Contrast media should be infused slowly 
under gravity via the catheter and not injected 

   Table 5.4    Diagnostic fi ndings of posterior urethral 
valves at voiding cystourethrography according to 
whether a catheter is in place during voiding   

 No (%) of 
patients 

 Dilated 
posterior 
urethra (% of 
cases with 
fi nding) 

 Visible valves 
(% of cases 
with fi nding) 

 Catheter  28 (58)  25 (89)  19 (68) 
 No catheter  17 (35)  15 (88)  5 (29) 
 Both  3 (6)  3 (100)  3 (100) 
 Total  48 (100)  43 (90)  27 (56) 

  From Fernbach et al. [ 26 ]. Reprinted with permission 
from the American Journal of Roentgenology  
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under pressure. This will decrease bladder 
spasms and also is less likely to cause transmuco-
sal absorption and subsequent potential contrast 
reaction [ 9 ,  26 ]. As bladder capacity is reached, 
the fl ow may slow down, stop, or even reverse 
[ 26 ]. Some advocate fi lling the bladder at a rate 
of 2 ml/kg/min at a pressure of 40 cmH 2 O [ 28 ]. 
However, there are no universal protocols 
 regarding the instillation of contrast. Palmer sur-
veyed 41 institutions regarding their methodol-
ogy [ 29 ]. The majority of discrepancy between 
institutions was on the height of the contrast 
material and on the formula used to estimate 
bladder capacity (EBC) in children less than 
2 years of age. There was a 90 % consistency rate 
on infusing the contrast material under gravity, 
using feeding tubes or catheters without the bal-
loon infl ated, using non-diluted contrast, allow-
ing parents in the room, and removing the catheter 
at the onset of voiding [ 29 ]. The Koff formula 
[EBC (mL) = (age +2) × 30)] is commonly used to 
estimate bladder capacity in children greater than 
2 years of age. Twelve percent of the institutions 
surveyed stopped infusing at EBC. However, 
younger children tend to have larger bladder sizes 
than predicted, and some children refl ux at vol-
umes larger than predicted [ 28 ,  29 ]. In addition, 

children with voiding or bladder dysfunction 
may have larger than expected bladder capacity. 
As a result, stopping the infusion at EBC instead 
of at the start of voiding may lead to false nega-
tives and may miss important clinical informa-
tion. If voided volumes are lower than expected, 
one should consider refi lling the bladder [ 26 ] as 
VUR may not be detected if the bladder is 
underdistended.  

    Images 

 No universal protocols exist regarding the 
 performance of a VCUG. As previously stated, 
images should include (a) an early fi lling image, 
(b) bilateral steep oblique images of the uretero-
vesical junction (UVJ), including the trigone 
or the presumed location of the distal ureters, 
when the bladder is full, (c) voiding images of 
the urethra, and (d) post-void images of the kid-
neys and bladder. Additional views of the blad-
der and kidneys during repeated fi lling and 
voiding can detect subtle abnormalities, such as 
intermittent VUR. If refl ux is present, delayed 
images of the kidneys can determine how well 
the system drains. The scout image, if per-
formed, should include assessment of the spine 
and pelvis looking for spinal dysraphism, sacral 
agenesis, scoliosis, or other abnormalities as 
seen in Fig.  5.7 . Masses, stones, or foreign bod-
ies may be seen. Figure  5.8  depicts large renal 
calculi seen on the scout fi lm. Colonic gas pat-
tern and volume of stool should be assessed as 
constipation may play a signifi cant role in the 
underlying urologic problem.

    Early fi ll AP coned down view of the bladder 
may detect a ureterocele, as seen on Fig.  5.9 , or a 
fi lling defect that may represent a bladder mass, 
clot, or other pathology. Correct catheter place-
ment should be confi rmed during this phase of 
the study.

   The full bladder is evaluated with steep oblique 
images, coned to the posterior bladder and tri-
gone, and the expected location of the distal ure-
ters (Figs.  5.10  and  5.11 ). These images evaluate 
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  Fig. 5.6    The variation in perceived distress using warm 
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permission from Elsevier)       

 

J. Cubillos and N. Klionsky



77

  Fig. 5.7    Scout fi lm 
demonstrating sacral 
agenesis in a boy with a 
neurogenic bladder       

  Fig. 5.8    Scout fi lm with large renal stones       

  Fig. 5.9    Large ureterocele seen in an infant with a history 
of hydronephrosis       
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for low grade VUR, everting ureteroceles, diver-
ticula, or other bladder anomalies (Figs.  5.12 , 
 5.13 ,  5.14 ,  5.15 , and  5.16 ). Additional assess-
ments include bladder capacity, contour, presence 
of trabeculations, and emptying capability [ 26 ]. 
Figure  5.17  demonstrates a classic appearance 
of a neurogenic bladder with high- grade VUR. 

  Fig. 5.10    Oblique fi lm demonstrating no evidence of 
refl ux on the right       

  Fig. 5.11    Oblique fi lm showing no evidence of refl ux on 
the left       

  Fig. 5.12    Oblique view demonstrating a diverticulum. 
Diverticula may be congenital or may be secondary to 
high-pressure voiding or a neurogenic bladder       

  Fig. 5.13    Oblique image demonstrating a bladder 
diverticulum       
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  Fig. 5.14    AP view of a bladder diverticulum. With more 
concentrated contrast, the diverticulum could be missed in 
this view       

  Fig. 5.15    Voiding image demonstrates fi lling of a diver-
ticulum during voiding with a rim of contrast seen at the 
base of the bladder       

  Fig. 5.16    Patent urachal sinus       

  Fig. 5.17    Neurogenic bladder demonstrating a classic 
Christmas tree appearance secondary to trabeculations and 
sacculations. The refl uxing ureter is dilated and tortuous       
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Other bladder anomalies may be demonstrated as 
seen on Fig.  5.18 , taken of a child with Eagle-
Barrett syndrome and Fig.  5.19 , taken of a child 
with a common urogenital sinus.

            If present, VUR should be reported based 
on the International Refl ux Study Committee’s 
classifi cation (Table  5.5 , Figs.  5.20 ,  5.21 ,  5.22 , 
 5.23 ,  5.24 ,  5.25 , and  5.26 ). The grade of refl ux 
is determined on the most severe VUR seen, 
which usually, but not always, coincides with the 

peak of voiding [ 2 ]. Insertion site of the refl uxing 
ureter as well as the timing of VUR should be 
stated as this may have prognostic implications, 
as seen on Figs.  5.27  and  5.28 . High-resolution 
renal images should be obtained pre- and post-
void to assess for VUR, especially if no obvi-
ous refl ux is seen on fl uoroscopically saved 
images. Refl ux is most likely to occur during 
voiding. Approximately 20 % of refl ux will be 
missed if voiding does not occur [ 26 ]. Intrarenal 

a
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  Fig. 5.18    ( a ) Scout fi lm of a patient with Eagle-Barrett 
(Triad) syndrome demonstrated a protuberant abdomen 
and fl ared ribs. ( b  and  c ) Voiding images of a two patients 
with Eagle-Barrett demonstrating a patent urethra with a 
dilated posterior urethra and an enlarged smooth bladder 

with trabeculations. ( d ) Post-void images demonstrating 
massive VUR with incomplete emptying in a patient with 
Eagle-Barrett syndrome. Eighty-fi ve percent of patients 
with Eagle-Barrett syndrome will have VUR [ 2 ]       
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refl ux may be demonstrated on VCUGs. This is 
 demonstrated by contrast seen within the renal 
parenchyma in addition to the collecting sys-
tem. This should be reported as it has prognostic 
implications for renal scarring, hypertension, and 
long-term renal function (Fig.  5.29 ).

             Voiding images should be obtained in an ante-
rior oblique position for males and AP or oblique 
position for females (Figs.  5.30  and  5.31 ) [ 26 ]. 
During voiding, the caliber of the urethra should 
be evaluated as well as the presence of VUR. 
Figure  5.32  demonstrates posterior urethral 
valves in a boy with a history of bilateral hydro-
nephrosis. He had bilateral VUR with rupture of 
a calyx on the right, causing a right-sided uri-
noma, as seen on Fig.  5.33 . Other urethral anom-
alies include urethral duplication and 
megalourethras as seen in Figs.  5.34  and  5.35 .

        Coordinated voiding between the blad-
der neck and external sphincter and the caliber 
of the bladder neck should be assessed, par-
ticularly in girls and patients with a neurogenic 
bladder. Figure  5.36  demonstrates a spin top 
urethra seen in female with dysfunctional void-
ing, and Fig.  5.37  demonstrates some refl ux of 
contrast in the vaginal vault. This is frequently 
seen in infants, and in older patients may be a 
sign of vaginal trapping of urine during voiding, 
which could be a source of recurrent urinary tract 
infections.

    Post-void images of the kidneys in an AP view 
are obtained to assess for VUR. These images 
should be performed soon after the patient stops 
voiding, even if the bladder has not completely 
emptied. Quickly draining vesicoureteral refl ux 
may be missed, if the patient is allowed to void in 
the restroom instead of on the table or there are 

  Fig. 5.19    VCUG obtained in a child with a common 
urogenital ( UG ) sinus. The  thick arrow  indicates asso-
ciated VUR. The  lightning bolt  demonstrates the com-
mon UG sinus. The  Star  depicts contrast entering the 
vagina       

   Table 5.5    International Refl ux Study Committee’s grad-
ing of vesicoureteral refl ux   

 Grade I  Refl ux into the ureter only 
 Grade 
II 

 Refl ux into a non-dilated ureter and 
pelvicalyceal system 

 Grade 
III 

 Refl ux into a mild or moderately dilated 
ureter and collecting system with no or very 
minimal blunting of the fornices 

 Grade 
IV 

 Refl ux into a moderately dilated ureter and 
system with blunting of the fornices but 
preservation of the papillary indentations 

 Grade 
V 

 Refl ux into a grossly dilated ureter and 
system with loss of the papillary indentation 

I II III IV V

  Fig. 5.20    International 
Refl ux Study Committee’s 
grading of vesicoureteral 
refl ux       
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  Fig. 5.21    Grade II left VUR       

  Fig. 5.22    Grade III right VUR       

  Fig. 5.23    Bilateral grade IV VUR, worse on the left with 
stool seen in the colon       

  Fig. 5.24    VUR into the right tortuous lower pole ureter 
and calyces. Note dilution of contrast in a dilated ureter by 
retained unopacifi ed urine       

  Fig. 5.25    Grade V right lower pole VUR       
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other delays in obtaining the post-void images. If 
high-grade VUR, grades IV or V, is present, then 
delayed images should be performed approxi-
mately 15 min after voiding to assess for underly-
ing UPJ or UVJ obstruction (Fig.  5.38 ).

   In addition, post-void bladder images assess 
for complete emptying. It is important to note that 
the majority of infants do not empty to  completion 

[ 32 ]. If the patient double voids, repeat post-void 
images of the kidneys and bladder should be 
obtained. It is important to note the presence of 
contrast in the vagina (Fig.  5.37 ) which could be 
normal pooling artifact from supine voiding, but 
might account for symptoms of post void wet-
ness, vaginitis, or false-positive bacterial growth 
in non-catheterized urine samples.  

    Cyclic VCUG 

 Cyclic VCUGs entail having the bladder fi ll 
and having the patient void several times. When 
performing a cyclic VCUG, most will leave the 
catheter in place. Repeat images of the bladder 

  Fig. 5.26    Grade I right VUR with left VUR into a dupli-
cated system       

  Fig. 5.27    Catheter inadvertently placed in the vagina 
opacifying a normal appearing vagina with a refl uxing 
ectopic right ureter       

  Fig. 5.28    Views of the bladder in the same patient as 
Fig.  5.27 , demonstrating no evidence of VUR from the 
urinary bladder       
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and kidneys during voiding and post-void are 
 performed. As VUR can be intermittent, cyclic 
studies increase the yield of detecting VUR up to 
20 % [ 9 ,  33 ], most of which have been grade II 
or higher. In addition, the grade of VUR detected 
may be higher on the second cycling phase 
[ 9 ,  33 ]. Cyclic studies are encouraged for chil-
dren under the age of 5 years, in children in whom 
VUR is suspected, or in patients with a suspected 
ectopic ureter [ 34 ]. Also, cyclic studies should be 
performed in children who spontaneously void at 
low volumes, as this may be secondary to  bladder 
spasms, and the child may refl ux at higher 
 volumes in a normal physiologic state. If an ecto-
pic ureter is draining into the bladder neck, it may 

fi rst need to empty prior to seeing contrast mate-
rial refl uxing into the ureter, and only minimal 
contrast may refl ux. This contrast may be further 
obscured by vaginal refl ux. If a second voiding 
cycle is not performed, this refl uxing ureter may 
be missed. Several cycles and having the patient 
in an oblique position may increase the changes 
of detecting the refl uxing ectopic ureter [ 34 ].  

  Fig. 5.29    Intrarenal refl ux 
demonstrated by the  arrows  
(Reproduced from Kanumakala 
et al. [ 30 ]. With permission from 
BMJ Publishing Group LTD)       

  Fig. 5.31    Normal female urethra       

  Fig. 5.30    Normal male urethra       
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    Complications 

 VCUGs are generally a low-risk procedure. One 
of the main considerations includes radiation 
exposure as stated previously. Catheter-related 
complications include dysuria, perineal discom-
fort, urinary retention, hematuria,  creation of 
a false passage, perforation, or knotting of the 
catheter that may require surgery. In addition, 
 catheters may be placed in the vagina, ureteral 
orifi ce, prostatic utricle, or a ureterocele lead-
ing to misinformation [ 35 ]. Instrumentation may 
cause a urinary tract infection and rarely lead to 
sepsis [ 36 ]. There may be an allergic reaction to 
latex or to the contrast material if it is absorbed. 

  Fig. 5.32    Post-void image in a patient with posterior ure-
thral valves. Typical fi ndings of a dilated, elongated pos-
terior urethra with a fi lling defect at the level of the 
obstruction are demonstrated by the  arrow . The catheter is 
curled in the posterior urethra. The bladder is empty dem-
onstrated by the  star  and there is bilateral VUR       

  Fig. 5.33    Urinoma ( star ) due to a calyceal rupture in the 
same patient with VUR secondary to posterior urethral valves       

a b

  Fig. 5.34    ( a ) VCUG demonstrates contrast traveling 
through a complete urethral duplication ( two arrows ) 
(Reprinted from Palmer [ 31 ]. With permission from 
Elsevier). ( b ) Clinical photograph obtained in a  13-year-old 

boy during voiding shows complete urethral duplication 
(Reprinted from Berrocal et al. [ 2 ]. With permission from 
Radiological Society of North America)       
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 Special considerations should be made 
in patients with a spinal cord injury to avoid 
autonomic hyperrefl exia (dysrefl exia), which 
is potentially fatal. Autonomic hyperrefl exia 
can occur in patients with a lesion above the 
sympathetic outfl ow, which is usually around 
T6 but has been reported as low as T10. There 
is a  sympathetic surge secondary to a noxious 
stimulus below the level of the lesion. As a 
result of this surge, patients may have fl ush-
ing of the face and body above the lesion and 
sweating. Cardiac symptoms include brady-
cardia and hypertension that can cause head-
aches or if more severe, cerebral hemorrhaging 
or seizures. Less frequently tachycardia and 
arrhythmias may occur. Symptoms usually 
resolve quickly once the stimulus is removed. 
During a VCUG, the noxious stimulus is fre-
quently a full bladder. If these symptoms occur, 
the study should be aborted and the blad-
der drained. In patients with a known history 
of autonomic hyperrefl exia, prophylaxis and 

  Fig. 5.35    Saccular-type megalourethra (Reprinted from 
Palmer [ 31 ]. With permission from Elsevier)       

  Fig. 5.36    Spin top urethra associated with dysfunctional 
voiding       

  Fig. 5.38    VUR into a bifi d system. There is “J hooking” 
of the ureter at the level of the UPJ with a disproportion-
ally dilated renal pelvis to the ureter suggestive of an 
underlying UPJ obstruction       

  Fig. 5.37    Vaginal refl ux of contrast depicted by the arrow       
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proper monitoring should be instituted if the 
study is  absolutely necessary.  

    Conclusion 

 VCUGs are one of the most commonly 
 performed imaging studies in children. They 
have a low complication rate and provide 
information on structure and function. Modern 
techniques and judicial use of radiation have 
signifi cantly reduced the overall radiation 
exposure. Although still considered one of the 
most distressing studies, proper patient prepa-
ration and the use of sedation, when needed, 
can help lower distress levels in both the child 
and their parents. 

  Key Points 

•     When using radiation, the ALARA principle, 
or  a s  l ow  a s  r easonably  a chievable, should be 
implemented  

•   Quality assurance measurements should be 
implemented to assess for appropriate expo-
sure levels in digital imaging  

•   VCUGs can be safely performed during a uri-
nary tract infection once appropriate antibiot-
ics have been initiated  

•   Appropriate patient and parental preparation 
can decrease distress associated with the 
study. When appropriate, sedation can be used 
without signifi cantly affecting test results  

•   Ideally, contrast media should be at body tem-
perature to decrease patient distress and inad-
vertent early detrusor contractions causing the 
bladder to empty at lower volumes  

•   Cyclic VCUGs should be performed in chil-
dren under the age of 5 years, those in whom 
VUR or ectopic ureters is suspected, and in 
those with spontaneous voiding at volumes 
less than expected for age  

•   Complications are low. Special consider-
ations should be implemented in patients at 
risk for autonomic hyperrefl exia (dysrefl exia)         

   References 

    1.    Belman BA. A perspective on vesicoureteral refl ux. 
Urol Clin North Am. 1995;22(1):139–50.  

       2.    Berrocal T, Lopez-Pereira P, Arjonilla A, Gutierrez J. 
Anomalies of the distal ureter, bladder, and urethra in 
children: embryologic, radiologic, and pathologic fea-
tures. Radiographics. 2002;22(5):1139–64.  

       3.    Lee RS, Diamond DA, Chow JS. Applying the 
ALARA concept to the evaluation of vesicoureteral 
refl ux. Pediatr Radiol. 2006;36 Suppl 2:185–91.  

       4.    Schueler BA. The AAPM/RSNA physics tutorial for 
residents: general overview of fl uoroscopic imaging. 
Radiographics. 2000;20(4):1115–26.  

        5.    Goske MJ, Charkot E, Hermann T, John SD, Mills TT, 
Morrison G, Smith SN. Image gently: challenges for 
radiologic technologist when performing digital radi-
ology in children. Pediatr Radiol. 2011;41:611–19.  

      6.    Connolly B, Racadio J, Towbin R. Practice of ALARA 
in the pediatric interventional suite. Pediatr Radiol. 
2006;36 Suppl 2:163–7.  

     7.    Bevelacqua JJ. Practical and effective ALARA. 
Health Phys. 2010;98 Suppl 2:S39–47.  

       8.    Moore QT, Don S, Goske MJ, Strauss KJ, Cohen M, 
Herrmann T, MacDougall R, Noble L, Morrison G, 
John SD, Lehman L. Image gently: using exposure 
indicators to improve pediatric digital radiology. 
Radiol Technol. 2012;84(1):93–9.  

              9.    Agrawalla S, Pearce R, Goodman TR. How to per-
form the perfect voiding cystourethrogram. Pediatr 
Radiol. 2004;34:114–19.  

    10.    Bazopoulos EV, Prassopoulous PK, Damilakis JE, 
Raissaki MT, Megremis SD, Gourtsoyiannis NC. 
A comparison between digital fl uoroscopic hard cop-
ies and 105-mm spot fi lms in evaluating vesicoureteric 
refl ux in children. Pediatr Radiol. 1998;28(3):162–6.  

     11.   Racadio JM, Connolly B. Image gently, step lightly: 
practice of ALARA in pediatric interventional radi-
ology.   http://www.pedrad.org/associations/5364/ig/
index.cfm?page=596      

    12.    Williams MB, Krupinski EA, Strauss KJ, Breeden 3rd 
WK, Rzeszotarski MS, Applegate K, Wyatt M, Bjork 
S, Seibert JA. Digital radiography image quality: 
image acquisition. J Am Coll Radiol. 2007;4(6):
371–88.  

    13.    Andrich MP, Majd M. Diagnostic imaging in the eval-
uation of the fi rst urinary tract infection in infants and 
young children. Pediatrics. 1992;90(3):436–41.  

    14.    McDonald A, Scranton M, Gillespie R, Mahajan V, 
Edwards GA. Voiding cystourethrograms and urinary 
tract infections: how long to wait? Pediatrics. 
2000;105(4):e50.  

     15.    Spencer JD, Bates CM, Mahan JD, Niland ML, Staker 
SR, Hains DS, Schwaderer AL. The accuracy and 
health risks of a voiding cystourethrogram after a febrile 
urinary tract infection. J Pediatr Urol. 2012;8(1):72–6.  

5 Principles of Voiding Cystourethrography (VCUG)

http://www.pedrad.org/associations/5364/ig/index.cfm?page=596
http://www.pedrad.org/associations/5364/ig/index.cfm?page=596


88

             16.    Phillips DA, Watson AR, MacKinlay D. Distress and 
the micturating cystourethrogram: does preparation 
help? Acta Paediatr. 1998;87:175–9.  

    17.    Robinson M, Savage J, Steward M, Sweeney L. The 
diagnostic value, parental and patient acceptability of 
micturating cysto-urethrography in children. Ir Med J. 
1999;92(5):366–8.  

    18.    Srivastava T, Betts G, Rosenberg AR, Kainer G. 
Perception of fear, distress, and pain by parents of 
children undergoing a micturating cystourethrogram: 
a prospective study. J Paediatr Child Health. 2001;
37:271–3.  

    19.    Zelikovsky N, Rodrigue JR, Gidcz CA, Davis MA. 
Cognitive behavioral and behavioral interventions 
help young children cope during a voiding cystoure-
throgram. J Pediatr Psychol. 2000;25(8):535–43.  

    20.    Salmon K, Pereira JK. Predicting children’s response 
to an invasive medical investigation; the infl uence of 
effortful control and parent behavior. J Pediatr 
Psychol. 2002;27(3):227–33.  

       21.   Herd DW. Anxiety in children undergoing VCUG: 
sedation or no sedation? Adv Urol. 2008; 498614.  

          22.    Herd DW, McAnulty KA, Keene NA, Sommerville 
DE. Conscious sedation reduces distress in children 
undergoing voiding cystourethrography and does not 
interfere with the diagnosis of vesicoureteric refl ux: 
a randomized controlled study. AJR Am J Roentgenol. 
2006;187(6):1621–6.  

    23.    Ferguson GG, Chen C, Yan Y, Royer ME, Campigotto 
M, Traxel EJ, Coplen DE, Austin PF. The effi cacy of 
oral midazolam for decreasing anxiety in children 
undergoing voiding cystourethrogram: a randomized, 
double-blind, placebo controlled study. J Urol. 
2011;185(6 Suppl):2542–6.  

    24.    Merguerian PA, Corbett ST, Cravero J. Voiding ability 
using propofol sedation in children undergoing void-
ing cystourethrograms: a retrospective analysis. 
J Urol. 2006;176(1):299–302.  

     25.    Ditchfi eld MR, Grattan-Smith JD, de Campo JF, 
Hutson JM. Voiding cystourethrography in boys: does 

the presence of the catheter obscure the diagnosis of 
posterior urethral valves? AJR Am J Roentgenol. 
1995;164:1233–5.  

           26.    Fernbach SK, Feinstein KA, Schmidt MB. Pediatric 
voiding cystourethrography: a pictorial guide. 
Radiographics. 2000;20(1):155–68.  

        27.    Goodman TR, Kilborn T, Pearce R. Warm or cold 
contrast medium in the micturating cystourethrogram 
(MCUG): which is best? Clin Radiol. 2003;58:
551–4.  

     28.    Kogan BA, Giramonti K, Feustel PJ, Lin WY. Bladder 
volume on voiding cystourethrogram correlates with 
indications and results in male infants. Urology. 
2011;77:458–62.  

      29.    Palmer BW, Ramji FG, Snyder CT, et al. Voiding cys-
tourethrogram – are our protocols the same? J Urol. 
2011;186:1668.  

    30.    Kanumakala S, Kalidasan V, Kenney I. Intra-renal 
refl ux. Arch Dis Child. 2004;89:692.  

     31.    Palmer LS. Pediatric urologic imaging. Urol Clin 
North Am. 2006;33:409–23.  

    32.    Sillen U. Bladder function in healthy neonates and its 
development during infancy. J Urol. 2001;166:
2376–81.  

     33.    Papadopoulou F, Efremidis SC, Oiconomou A, 
Badouraki M, Panteleili M, Papachristou F, Soteriou 
I. Cyclic voiding cystourethrography: is vesicoure-
teral refl ux missed with standard voiding cystoure-
thrography? Eur Radiol. 2002;12(3):666–70.  

     34.    Canning DA, Lambert SM. Chapter 115. Evaluation 
of the pediatric urology patient voiding cystoure-
thrography. In: Campbell-Walsh urology. 10th ed. 
Philadelphia: Elsevier Saunders; 2012. p. 
3067–84.  

    35.    Rathaus V, Konen O, Shapiro M, Grunebaum M. 
Malposition of catheters during voiding cystoure-
thrography. Eur Radiol. 2001;11(4):651–4.  

    36.    McAlister WH, Cacciarelli A, Shackelford GD. 
Complications associated with cystourethrography in 
children. Radiology. 1974;111(1):167–72.     

J. Cubillos and N. Klionsky



89L.S. Palmer, J.S. Palmer (eds.), Pediatric and Adolescent Urologic Imaging, 
DOI 10.1007/978-1-4614-8654-1_6, © Springer Science+Business Media New York 2014

        Nuclear medicine imaging makes use of 
 compounds labeled with small quantities of 
radioactivity, called tracers, that emit gamma 
rays detected by a gamma camera. All the 
nuclear medicine procedures utilized by pedi-
atric urologists provide valuable diagnostic and 
functional information. Renal perfusion can be 
quantifi ed which allows for accurate estimates of 
glomerular fi ltration rate (GFR). The renal cor-
tex can be imaged very precisely, and any areas 
of decreased or absent tracer uptake that would 
signify hypoperfusion from acute pyelonephri-
tis, renal dysplasia, or renal cortical scarring are 
clearly shown. Renal handling and clearance of 
radiotracer can also be used to estimate split, 
or differential, renal function and urinary drain-
age and can aid in the diagnosis of obstruction. 
Ischemia associated with testicular torsion can be 
differentiated from infl ammation. The one proce-
dure that fails to provide functional information 

is direct radionuclide cystography (DRC) which, 
however, offers a method to detect vesicoureteral 
refl ux that is comparable to fl uoroscopic voiding 
cystourethrography (VCUG) (Table  6.1 ).

   The success of radionuclide renal imaging 
depends on several factors, including: (1) plasma 
protein binding and thus volume of distribution 
of the tracer; (2) rapid delivery to and selective 
uptake of the tracer by the target organ, e.g., the 
kidneys, versus the “background”; (3) photon 
attenuation by fl uid collections and surrounding 
organs; (4) renal function; and (5) technical 
aspects such as selection of the region of interest 
(the organs to be evaluated) as well as selection 
of an appropriate background area. 

 In general, radionuclide image resolution is 
diminished compared to, while the radiation dose 
is similar or often lower than other radiologic 
imaging modalities such as the conventional 
VCUG, intravenous pyelography (IVP), and CT 
scanning. Unlike standard radiology, radiation 
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   Table 6.1    Common uses of nuclear studies in pediatric 
urology   

 Estimation of renal plasma fl ow (GFR/global renal 
function) 
 Evaluation of renal cortical lesions (pyelonephritis, 
scarring) 
 Estimation of differential renal function (DRF) 
 Evaluation of urinary drainage, diagnosis of renal 
obstruction 
 Evaluation and surveillance of vesicoureteral refl ux 
 Determination of testicular blood fl ow in cases 
of suspected testicular torsion 
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dosage depends primarily on the amount of 
radioactivity administered. Patient exposure is 
independent of the number of images obtained, 
and this allows for almost unlimited “real-time” 
dynamic imaging which can be important when 
determining time-dependent processes, such as 
sporadic vesicoureteral refl ux or renal drainage. 
Administered activity (radiotracer dosage) guide-
lines can be found in the Society of Nuclear 
Medicine website (  www.snm.org    ). 

    Radiopharmaceuticals 

 Radiopharmaceuticals for evaluation of the kid-
ney s  are classifi ed into three general categories: 
cortical agents, tubular agents, and glomerular 
agents. 

    Cortical Agents 

  99m Tc-Dimercaptosuccinic acid (DMSA) is 
extensively bound to plasma proteins (90 %), 
and very little is taken up by red blood cells 
(0–5 %) [ 1 ]. A small amount is glomerularly fi l-
tered [ 2 ,  3 ], but this tracer accumulates predom-
inantly in the proximal convoluted tubules. Up 
to half of the injected activity is retained in the 
kidneys at 2 h and 70 % at 24 h postinjection 
[ 1 ,  4 ]. The highest-quality images are obtained 
about 2–4 h postinjection. These characteristics 
of DMSA make it an ideal imaging agent for the 
renal cortex to detect and defi ne pyelonephritis, 
and renal cortical scarring and to assess the size, 
shape, and position of the kidneys, and to pro-
vide a reasonable estimate of split renal func-
tion. Due to its complex renal clearance, DMSA 
is not useful for estimating global renal function 
or GFR [ 5 ]. Similarly, it is not useful for evalu-
ating urinary drainage because only a small 
fraction is eliminated in the urine (6 % at 1 h, 
25 % at 14 h) [ 1 ]. DMSA has been used to aid in 
localization of renal ectopia, but abdominopel-
vic ultrasonography may obviate the need for 
this [ 6 ].  99m  Tc- Glucoheptonate, another agent 
used for renal cortical imaging, is no  longer 
available.  

    Tubular Agents 

 These agents are excreted principally through the 
tubules. 99m Tc-Mercaptoacetyltriglycine (MAG3) 
is the only approved tubular agent available for 
use in the United States. It is largely bound to 
plasma proteins (up to 90 %) with minimal 
(1–2.3 %) binding to red blood cells. This results 
in a signifi cantly reduced volume of distribution 
and a high target to background ratio which trans-
lates into improved image quality and increased 
utility in younger patients [ 7 – 9 ]. 99m  Tc- MAG3 is 
rapidly extracted and secreted by the proximal 
renal tubules, in a manner qualitatively similar to 
that of orthoiodohippurate. Renal uptake is 
reduced by poor function. Up to 70 % of the 
injected dose is eliminated within 30 min, and by 
3 h, up to 90 % can be recovered in the urine [ 7 , 
 10 ].  99m Tc-MAG3 can be used quantitatively or 
qualitatively for evaluating obstructive uropathy, 
renovascular hypertension, and renal allografts 
and has been used to approximate effective renal 
plasma fl ow (ERPF) measurement. However, 
 99m Tc-MAG3 slightly underestimates split renal 
function when compared directly to  99m Tc-DMSA. 
This effect was magnifi ed when there was a large 
difference in function between kidneys but never 
exceeded 4.3 % [ 11 ]. Some authors also have 
used it for cortical imaging [ 12 ,  13 ].  

    Glomerular Agents 

  99m Tc-Diethylenetriaminepentaacetic acid (DTPA) 
is excreted predominantly by glomerular fi l-
tration and can be used to measure GFR. Like  
99m Tc-MAG3,  99m Tc-DTPA can be used to assess 
renal blood fl ow and function, renal allografts, 
suspected renovascular hypertension, and obstruc-
tive uropathy [ 14 ,  15 ]. Its renal extraction frac-
tion, however, is only about 20 %, compared to 
40–50 % for  99m  Tc- MAG3 (K). Renal excretion 
is signifi cantly affected by reduced renal func-
tion and performs inferior to  99m Tc-MAG3 in 
patients with poor renal function and in sus-
pected obstruction [ 16 ,  17 ]. It is not a good 
agent for renal cortical imaging because of its 
relatively rapid excretion. 
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 Iodine-125 iothalamate is used exclusively 
for the nonimaging assessment of GFR. The 
glomerular agents  131 I-orthoiodohippurate and 
 123 I-orthoiodohippurate, once the mainstay of 
radionuclide renal studies, are no longer avail-
able in the United States.   

    Radiation Dosimetry 

 In recent years, much has been written regarding 
radiation dose limitation, specifi cally the concept of 
“ALARA – as low as reasonably achievable.” This 
has led authors to favor imaging modalities that do 
not utilize ionizing radiation whenever possible, 
such as ultrasonography or magnetic resonance 
imaging. In situations where this is not feasible or 
when US or MRI does not perform as well as 
nuclear or radiographic studies, one needs to choose 
the study that offers the greatest diagnostic informa-
tion and with the least radiation exposure. 

 The majority of nuclear studies, with the 
exception of cystography, carry a signifi cant radia-
tion burden (Table  6.2 ). In most cases, nuclear 
medicine studies used in pediatric urology offer 
similar or less radiation than other comparable 
imaging modalities. An exception would be 

scrotal  scintigraphy, whose nonnuclear imaging 
 counterpart is Doppler. 99m Tc-DMSA renal corti-
cal imaging, because of its selective tubular uptake 
and delayed excretion, provides one of the higher 
effective radiation doses. This is similar to that of 
IVP but offers greater sensitivity and specifi city 
[ 18 ]. Radionuclide cystography, due to the rela-
tively short period of time and distribution lim-
ited mostly to the bladder, provides a much lower 
effective dose [ 19 ] than contrast voiding cystoure-
thrography (VCUG). However, strides have been 
made in reducing the radiation exposure during 
VCUG by limiting fl uoroscopy time and techni-
cal refi nements of the instrumentation. The use of 
grid-controlled pulsed fl uoroscopy decreases radi-
ation doses across all age groups by 10–50 % com-
pared to continuous fl uoroscopy with an effective 
dose comparable to that of DRC [ 19 ,  20 ].

       GFR Measurement 

 Traditionally, GFR has been determined by clear-
ance of a substance that is (1) completely fi ltered 
by the glomerulus; (2) not synthesized, destroyed, 
reabsorbed, or secreted by the renal tubule; (3) 
physiologically inert; and (4) not bound to plasma 

   Table 6.2    Estimated total body radiation dosimetry (effective dose) for various radiologic and nuclear imaging 
studies   

 Effective
dose (mSv) 

 Effective
dose (mSv) 

 Effective dose as a percentage 
of total annual atmospheric 
radiation exposure (%)  1 year of age  5 years of age 

  99m Tc- DMSA  cortical scintigraphy  0.8–0.9 a,b   0.8–0.93 a,b   25–3 
  99m Tc- MAG3  diuretic renography/
indirect radionuclide cystography 

 0.6–0.77 a,c   0.6–1.49 a,c   19–51 

  99m Tc- Pertechnate  direct radionuclide
cystography 

 0.08 c   2.5 

  99m Tc- Pertechnate  scrotal scintigraphy
 without thyroid blockade  

 1.4–1.9 a,c   1.4–1.9 a,c   45–61 

 Intravenous pyelogram ( IVP )  with grid   1.0 b   1.2 b   32–38 
 Voiding cystourethrogram ( VCUG )  0.45–0.89 d,e   0.45–0.72 d,e   14–28 

 Voiding cystourethrogram ( VCUG )
 with GCPL  

 0.053–0.069 d   1.7–2.2 

   a Gadd et al. [ 88 ] 
  b Smith et al. [ 18 ] 
  c Stabin [ 19 ] 
  d Fotakis et al. [ 89 ] 
  e Ward et al. [ 20 ]  
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proteins [ 21 ]. Agents such as inulin, urea, and 
creatinine have been used to measure GFR. 
While inulin clearance is generally acknowl-
edged as the gold standard, it has limited clinical 
utility as it must be continuously infused and 
requires multiple timed blood samples.   99m     Tc - 
DTPA, however, despite having minimal protein 
binding, meets the above criteria and requires 
only one injection [ 22 ]. 

 GFR can be estimated via DTPA scintigraphy 
with serial timed plasma samples or via a camera- 
only method, which is less cumbersome, requires 
less time, and does not involve blood sampling. 
Briefl y, DTPA is drawn up into a syringe, a 1-min 
preinjection measurement of the amount of radio-
activity in the syringe is made, it is rapidly injected 
intravenously, a 1-min postinjection measurement 
of the empty syringe is made, and serial images of 
both kidneys are acquired at 1-min intervals 
between 1 and 3 min postinjection. The 2–3-min 
interval is the best time for GFR measurement. 
Both total and fractional GFR can be estimated. 
The entire duration of the study is less than 10 min. 

 The camera-only technique was described by 
Gates who compared DTPA measurements of 
GFR to 24-h creatinine clearance values obtained 
for each patient. There was an excellent linear cor-
relation ( r  2  > 0.9) between the two measurements 
across a wide range (1–113 mL/min) of renal 
function. The DTPA study was repeated 24–48 h 
later, and a remarkable correlation coeffi cient 
(99 %) with the fi rst study confi rmed the tech-
nique’s reproducibility [ 23 ]. Some studies suggest 
that  99m Tc-DTPA is not reliable for  estimating 
GFR in young children [ 24 ,  25 ]. Chandhoke et al. 
reported signifi cant inaccuracy in estimation of 
GFR when compared to clearance of continuously 
infused iothalamate in children. They postulated 
that this may be due to the fact that the adult renal 
depth correction used in the Gates method may not 
be applicable to children [ 26 ].  

    Renal Cortical Scintigraphy 

 The very high uptake of  99m Tc-DMSA by the 
pars recta of the proximal tubules and its mini-
mal glomerular fi ltration and loss in the urine 
allows for detailed images of the renal cortex 

(Fig.  6.1 ). Traditionally,  99m Tc-DMSA cortical 
imaging has been used to delineate areas of cor-
tical hypoperfusion that accompany acute pyelo-
nephritis and also to demonstrate renal scarring 
from prior infections. Lesions associated with 
acute pyelonephritis appear as areas of photope-
nia, with preservation of the normal renal con-
tour. In contrast, renal cortical scars appear as 

     Fig. 6.1    Normal DMSA renal cortical study. ( a ) There is 
homogeneous distribution of activity throughout both kid-
neys on the pinhole images. The discrete round areas of 
decreased activity ( arrow ) are the calyces. The pinhole 
collimator distorts apparent organ size, which is why in 
some of the views, one kidney appears larger than the 
other. The coronal SPECT images ( b ) demonstrate homo-
geneous distribution of activity throughout the cortex of 
both kidneys. Note that unlike their appearance on the 
pinhole images, the kidneys are similar in size (With 
respect to the orientation of the SPECT images, the ante-
rior most aspect of the kidneys is in the upper left image, 
and the posterior most aspect is in the lower right image)         
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wedge-shaped areas of photopenia which distort 
the renal contour (Fig.  6.2 ). This information can 
aid in surgical planning and has been proposed 
to identify patients who should be screened for 
vesicoureteral refl ux, the so-called top-down 
approach [ 27 ,  28 ].

     99m Tc-DMSA cortical scintigraphy also can 
provide information about differential renal func-
tion (Fig.  6.3 ). However, because it is fi ltered to a 
small degree, and blood clearance occurs over a 
period of hours, variations in renal DMSA uptake 
are not always equivalent to true variations in 
function. Thus,  99m Tc-DMSA should not be used 
to estimate absolute renal function or GFR [ 29 ].

       Description of Technique for 
 99m  Tc- DMSA Cortical Scintigraphy 

 In an effort to standardize reporting and method-
ology for renal cortical scintigraphy, several con-
sensus statements and procedure guidelines have 
been issued, but there is still some variation in the 

timing of image acquisition (1.5–4 h  postinjection), 
the need for sedation, type of views (planar and 
pinhole magnifi cation vs. SPECT), and reporting 
of results [ 30 ,  31 ]. For clarity, the described tech-
nique is that of the Society of Nuclear Medicine 
Guideline publication in 1997, with some recent 
modifi cations by Zeissman et al. [ 31 ]. Single-
photon emission computed tomography (SPECT) 
imaging will be described separately as there is 
considerable disagreement as to its utility versus 
standard planar and pinhole magnifi cation images 
and also serious diffi culties in multicenter stan-
dardization [ 31 – 34 ]. 

 A large or standard fi eld of view gamma cam-
era equipped with a parallel-hole high-resolution 
collimator and/or a pinhole collimator with a 
4 mm aperture is recommended. The patient is 
placed supine for parallel-hole imaging and 
prone for pinhole imaging. Imaging can begin at 
1.5–2 h postinjection, although superior image 
quality is obtained by waiting at least 4 h [ 31 ,  35 ]. 
Classically, images are acquired in the posterior 
and the left and right posterior oblique planes. 

b
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Differential function is calculated from the poste-
rior planar view using the parallel-hole collima-
tor. Background correction can be undertaken by 
selecting a region of interest (ROI) around both 
kidneys in the planar projection and then drawing 
circumferential background regions approxi-
mately 2 pixels in width and 2 pixels away from 
the kidney. Acquisition time for the images varies 
by technique, with pinhole magnifi cation requir-
ing fewer counts (150,000 vs. 300,000) but lon-
ger acquisition time than the parallel-hole 
collimator (10 min vs. 5 min). For pinhole 
images, the kidney should fi ll approximately 2/3 
of the fi eld of view. In cases of signifi cant hydro-
nephrosis, furosemide can be given and/or 
delayed images can be performed up to 24 h after 
injection of radiotracer. 

 Various techniques have been described to 
adequately image the cortex; most centers rely on 
pinhole magnifi cation to properly delineate renal 
scarring and acute pyelonephritis. These images 
should be correlated with other imaging modali-
ties such as ultrasonography and voiding cystog-
raphy, when available. A sample grading protocol 
used in the RIVUR trial is described in Table  6.3  
in which the renal cortex is divided into  numbered 
segments and severity graded by the quantity of 
segments involved [ 31 ].

       SPECT Versus Standard Planar/
Pinhole Imaging 

 Single-photon emission computed tomography, 
or SPECT, provides a panoramic multi-image 
view of both kidneys versus the standard three 
views of planar and pinhole magnifi cation. Some 
suggest that SPECT is more sensitive and easier 
to interpret than planar and pinhole images. Other 
disagree contending that SPECT is less specifi c 
than planar and pinhole imaging. In an interna-
tional multicenter survey of nuclear medicine 
experts, SPECT was performed routinely by only 
22 % of respondents and seldom performed by 
45 % of respondents and never used by 33 % of 
the respondents [ 30 ]. Further complicating mat-
ter is the absence of an accepted standard tech-
nique, with several authors reporting a range of 

projections (60–120) and varying increments of 
scanning time [ 35 – 37 ].  

    Interobserver Variability in SPECT 
and Planar  99m Tc-DMSA Cortical 
Scintigraphy 

  99m Tc-DMSA planar imaging has been shown 
to have excellent interobserver agreement 
in several reports using various measures. 
Consensus opinion regarding “normal” and 
“abnormal” among expert observers was 
93.5 % and 90.5 %, respectively [ 38 ,  39 ]. 
While the reliability and reproducibility of 
planar and pinhole imaging is well estab-
lished, little has been published on SPECT 

  Fig. 6.2    Renal cortical scarring. Pinhole images ( a ) dem-
onstrate an area of decreased tracer uptake with associated 
cortical volume loss ( arrow ), in the lower pole of the right 
kidney. On the coronal SPECT images ( b ), the right lower 
pole abnormality is equally well seen. In addition, the 
right kidney is smaller than the left         
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interobserver agreement, and the absence of 
a standard acquisition protocol hinders accu-
rate comparisons among studies. Craig et al. 
suggest decreased reproducibility and interob-
server agreement in interpretation of SPECT 
images compared to planar images [ 40 ]. Cost 
also can be a factor; by one estimate, SPECT 
costs up to 36 % more to perform than pla-
nar imaging. This is presumably due to longer 
image acquisition times and a possible greater 
need for sedation [ 41 ].  

    SPECT Versus Planar/Pinhole 
Magnifi cation Imaging Animal 
Models 

 In comparison to standard planar and pinhole 
imaging, SPECT is comparable, possibly at the 
expense of decreased specifi city and higher false- 
negatives. The performance of standard planar 
and pinhole magnifi cation DMSA cortical 

 imaging in the diagnosis of acute pyelonephritis 
has been widely investigated, and most authors 
agree on a sensitivity around 90 % and specifi city 
between 90 and 100 % [ 42 ,  43 ]. 

 Craig et al. report the results of a meta- analysis 
of published animal trials evaluating the overall 
ability of  99m Tc-DMSA cortical scintigraphy to 
diagnose acute pyelonephritis. He initially found 
an  average sensitivity of 84 %  and an  average 
specifi city of 88 % ; however, after correcting sta-
tistical errors and excluding some unusable data, 
there were no signifi cant difference between 
SPECT and planar imaging [ 41 ]. 

 In one elegantly designed study correlating 
histopathology and cortical scintigraphy in pig-
lets, Majd et al. directly compared SPECT and 
pinhole imaging for detection of pyelonephritis 
1–10 days after infection. After evaluating all 
zones of pyelonephritis over the entire time 
period, SPECT carried a sensitivity of 91 % vs. 
86 % for pinhole imaging but was less specifi c, 
82 % vs. 95 % compared to planar imaging. 

b
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Overall accuracy was similar for both techniques, 
88 % for SPECT and 90 % for pinhole imaging 
(Table  6.4 ) [ 42 ].

   Rossleigh et al. compared SPECT to standard 
planar imaging in the diagnosis of renal cortical 
scarring in a refl uxing piglet model with post- 
study histopathologic confi rmation. Each animal 
after VCUG-confi rmed VUR and  99m  Tc-DMSA- 
confi rmed pyelonephritis underwent another pla-
nar  99m Tc-DMSA and SPECT scan 3 months later. 
They reported similar sensitivity, specifi city, and 
overall accuracy between planar images, pinhole 
magnifi cation, and SPECT (Table  6.5 ) [ 34 ].

       SPECT Versus Planar Imaging for 
Detecting Pyelonephritis 

 There are several human studies demonstrating 
the ability of SPECT to detect more renal lesions 
in acute pyelonephritis and renal cortical scars 
than planar and pinhole imaging. Tarkington 
et al. compared the ability of SPECT and pinhole 
imaging to detect renal cortical defects of various 
etiologies in 33 children, about 60 % of who did 
not have UTI, VUR, or prior pyelonephritis. In 
this heterogeneous population, 63 % of the pin-
hole image studies read as “normal” were found 
to have cortical abnormalities on SPECT. They 
also found that SPECT “clarifi ed or enhanced” 
the pinhole imaging in 71 % of the kidneys stud-
ied. Overall SPECT found 55 % more cortical 
defects than pinhole imaging [ 44 ]. Yen et al. 
compared SPECT to planar imaging in 27 infants 
and 17 children upon diagnosis of acute pyelone-
phritis and at 3 months posttreatment and found 
SPECT identifi ed signifi cantly more scarring 
than planar imaging (33 % vs. 9.5 %,  p  < 0.05) at 

   Table 6.3    Sample grading system for renal cortical 
 scarring in  99m Tc-DMSA scans (Zeissman et al. [ 31 ])   

 Grade  Severity 
 Number of affected
renal segments 

 0  Normal  0 
 1  Mild  1–2 
 2  Moderate  3–4 
 3  Severe  >4 
 4  Global atrophy  Diffuse scarring 

Left = 63% Right = 37%

Left 11.2 CM Right 10.6 CM

  Fig. 6.3    When performing renal cortical scintigraphy, it 
also is possible to determine differential (split) renal func-
tion and to measure renal size       

   Table 6.4    Detection 
of acute pyelonephritis in 
piglets (Majd et al. [ 42 ])   

 Sensitivity (%)  Specifi city (%)  Accuracy (%) 

 Pinhole magnifi cation  90  95  92 
 SPECT  96  95  96 

   Table 6.5    Detection of 
post-pyelonephritis renal 
scarring in pigs (Rossleigh 
et al. [ 34 ])   

 Sensitivity (%)  Specifi city (%)  Accuracy (%) 

 Pinhole magnifi cation  74  99  92 
 SPECT  59  98  87 
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3 months, particularly in the presence of high- 
grade VUR than those found using planar imag-
ing [ 36 ]. The prospective data of Applegate et al. 
seem to confi rm prior human studies that SPECT 
detects more “defi nite” lesions than pinhole and 
planar images. Cortical defects were classifi ed as 
“possible” or “defi nite” and “single” or “multi-
ple” as defi ned by a consensus of three blinded 
experts. However, they found that no technique 
was superior for detecting multiple as opposed to 
solitary defects [ 32 ].  

    SPECT Versus Planar/Pinhole 
Imaging Summary 

 Data from studies in human subjects seem to 
corroborate previous animal studies that dem-
onstrate increased sensitivity with SPECT, but 
without histopathologic analysis, false-positives 
cannot be excluded with certainty. As such, the 
pooled data from the animal studies is slightly 
less impressive but probably more accurate than 
that reported in human subjects. Regardless of 
technique, the performance of  99m Tc-DMSA renal 
cortical scintigraphy in the diagnosis of acute 
pyelonephritis and the detection of renal cortical 
scarring is excellent. At best, SPECT is slightly 
more sensitive than, and is comparable in speci-
fi city to standard pinhole imaging. It seems that 
the combination of SPECT and pinhole imaging 
may improve interobserver agreement and may 
be more useful than either test alone.  

    Description of Technique for 
Diuretic Nuclear Renography 

 In 1992 the Society for Fetal Urology and the 
Pediatric Nuclear Medicine Council released 
a consensus statement regarding performance 
of the “well-tempered diuretic renogram” in 
response to a lack of standardization of tech-
nique and interpretation of dynamic renal imag-
ing. However, this protocol has not been adopted 
universally, and debate continues regarding such 
technical aspects as method of pretest hydra-
tion, need for urethral catheterization, timing of 

diuretic administration, and even the method of 
calculation of urinary drainage [ 45 ,  46 ]. 

    Patient Preparation 

 The infant kidney continues to mature, and GFR 
continues to increase for the fi rst year of life which 
is refl ected in the child’s ability to clear  99m Tc-
MAG3 from the plasma [ 47 ]. In general, diuretic 
renography should be performed after the child is at 
least 1 month of age to limit spurious prolongation 
of drainage and a potentially inadequate response 
to diuretic challenge due to immature renal tubules 
[ 46 ]. Oral hydration is encouraged, and IV hydra-
tion is provided as a 15 mL/kg bolus of D5 0.3NS 
or D5 0.25NS 15 min prior to injection of radio-
tracer. Maintenance intravenous fl uid is provided 
throughout the study. A urethral catheter for con-
stant bladder drainage decreases the radiation dose 
to the bladder wall and gonads and also minimizes 
impedance of antegrade fl ow of urine from the col-
lecting system simulating delayed drainage.  

    Renogram Phase 

     99m Tc-MAG3 is administered intravenously with 
the child placed in supine position and the gamma 
camera under the bed. The fi eld of view should 
include the heart, kidneys, ureters, and the blad-
der. Digital images are collected at 20 s/frame, 
and analog images are recorded for 30 min with 
practitioner preference determining the timing. 
A typical renogram acquisition is 1- or 2-min 
image intervals for 30 min (Fig.  6.4 ).

   For accurate estimation of split renal function 
during the renogram phase, care must be taken 
when selecting the region of interest (ROI). This 
can be done manually or with computer assistance 
in a semiautomated or fully automated fashion. 
Regardless, the ROI must encompass the entire 
kidney including the renal pelvis. The background 
ROI should be approximately 2 pixels wide and 
encircle the renal ROI. Acquisition time should be 
a minimum of 20–30 min. To  calculate  differential 
renal function (DRF), the total counts of the reno-
gram curve for each kidney minus the background 
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counts are calculated during the interval from 60 s 
post tracer injection until the appearance of activ-
ity in the collecting system. Usually this is within 
the fi rst 60–120 s of the study. There are several 
methods used to estimate DRF, but the two most 
commonly employed are the  integral method  
where area under the renogram curve is calculated 
and the  Rutland-Patlak plot  which relies on the 
mean slope of the ascending renogram curve. In 
most situations, both methods are thought to be 
equivalent [ 48 ]. 

 Controversy exists over the so-called “supra-
normal” functioning kidney, split renal function 
of ≥55 % in unilateral hydronephrotic kidneys, 

which has a prevalence of 4–21 % [ 49 – 53 ]. 
Various explanations have been proposed, includ-
ing compensatory hyperfunction, artifact related 
to background correction [ 49 ,  53 ], or variation in 
the method of quantifi cation of function [ 50 ,  54 ]. 
Reports of laterality are variable.  

    Diuretic Phase 

 Furosemide at a dose of 1 mg/kg (max 40 mg) for 
children <1 year and 0.5 mg/kg for children >1 
year is given IV after completion of the renogram 
phase, usually at 20–30 min (F + 20–30) or when 

  Fig. 6.4    Normal diuretic renography. On the fl ow phase 
( a ) of the study, the abdominal aorta ( arrow ) appears in 
frame 2. The kidneys ( arrows ) are seen about 3 s later, in 
frame 3. Visualization of the kidneys within 2–3 s after 
visualization of the abdominal aorta generally is equated 
with normal renal perfusion. In the case of the renal trans-
plant (not shown), the kidney should appear within 2–3 s 
after the iliac artery is seen. On the functional phase ( b ) of 
the study, the kidneys are similar in size, and there is 

prompt appearance of activity in the collecting systems 
and urinary bladder. Adequate hydration is important to 
the success of diuretic renography. Activity should appear 
in at least one of the collecting systems within 3–5 min 
after radionuclide injection. Alternatively bladder activity 
should appear within 10 min after injection. In this patient, 
activity is clearly seen in both collecting systems and the 
urinary bladder on frame 1 or about 3 min after injection         
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the collecting system is thought to be full. Other 
centers advocate simultaneous administration of 
tracer and diuretic (F0) in cases of known hydro-
nephrosis [ 55 ]. To ensure uniform distribution of 
radiotracer throughout the collecting system, the 
child may be placed prone or in the sitting posi-
tion to maximize drainage. In the setting of hydro-
nephrosis, the ROI for the diuretic time- activity 
curve should only include the renal pelvis and col-
lecting system. The background ROI should cir-
cumscribe the kidney excluding the hilum. For 
children with hydroureteronephrosis, the ROI for 
the diuretic time-activity curve should be placed 
around the dilated renal pelvis with a separate 
ROI circumscribing the ureter to the level of the 
UVJ making sure to exclude the urinary bladder. 

 Computer frame rates are recorded every 
20 s for 40 min. Drainage can be calculated 
by determining the time it takes for half of the 
tracer activity to leave the collecting system 

after diuretic administration (t 1/2  washout), esti-
mating output effi ciency (OE), or calculating 
normalized residual activity (NORA) (Fig.  6.5 ).

        Defi ning Renal Obstruction 

 The differentiation of antenatal hydronephrosis 
from signifi cant renal obstruction that causes 
deterioration in function is by nature a retrospec-
tive diagnosis. Prior to the advent of routine ante-
natal ultrasound screening, most cases of UPJ or 
UVJ obstruction were detected later in life when 
patients developed symptoms. Since the 1970s, 
antenatal hydronephrosis has been commonly 
detected via ultrasound. Because this antena-
tally detected hydronephrosis (presumed urinary 
obstruction) is asymptomatic in the majority of 
cases, this poses a diagnostic and therapeutic 
dilemma for the pediatric  urologist. Determining 
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which of these patients will require surgery and 
which will resolve has been challenging. 

 Historically, several diagnostic tests were used 
to predict obstruction, including IVP, and direct 
measures of renal pelvis pressure differentials 
(Whitaker test). Standard nuclear renograms fol-
lowed, and renal transit times and/or visual anal-
ysis of renogram curves that tracked the passage 
of radiotracer through the kidney was used to 
defi ne obstruction. Diffi culties with poor image 
resolution and variations in patient hydration and 
a signifi cant number of false-negative studies in 
hydronephrotic patients with delayed renograms 
without evidence of obstruction limited the use-
fulness of this technique. 

 O’Reilly et al. introduced the diuretic reno-
gram (DRG) in the late 1970s in an effort to iden-
tify the children with dilated, nonobstructed 
collecting systems and separate them from chil-
dren with true obstruction. The analysis of drain-
age curves was born, and various patterns of 

drainage were defi ned. The shape of a normal 
post-diuretic renal drainage curve was described 
as brisk and exhibited rapid elimination of tracer 
( pattern I ). The “obstructive” pattern ( pattern II ) 
showed little response to the diuretic with a fl at 
and sometimes rising drainage curve as activity 
continued to accumulate within the collecting 
system. A third pattern ( IIIa ) was described 
which revealed a normal and rapid response to 
diuretic even after a continually rising or plateau 
renogram curve. The fourth pattern ( IIIb ), thought 
to represent obstruction as well, was a rising or 
plateau renogram curve with no response to 
diuretic [ 56 ,  57 ]. 

 To further characterize these patients, the 
concept of t 1/2  washout, or the time it takes for 
half of the radiotracer to drain after diuretic 
injection, was introduced. Three categories were 
created to stratify patients at risk: t 1/2  of less than 
10 min, defi nitely normal; t 1/2  of 10–20 min, 
indeterminate; and t 1/2  greater than 20 min, 

  Fig. 6.5    Numeric data from the patient study illustrated 
in Fig.  6.4 . The regions of interest drawn around the kid-
neys as well as the background regions ( arrows ) are 
shown in the  upper left image . The  top left graph  is a rep-
resentation of renal fl ow, and the  top right graph  repre-

sents renal function. The two graphs below are the 
individual functional curves of each kidney, with the  ver-
tical bar  ( arrowheads ) indicating the time (approximately 
21 min) at which diuretic was administered       
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obstructed (Figs.  6.6  and  6.7 ). Each of these 
parameters has signifi cant shortcomings, and 
none have proven accurate enough to make the 
defi nitive diagnosis of obstruction in equivocal 
cases. Several authors have documented sponta-
neous resolution of hydronephrosis in children 
previously thought to be obstructed by drainage 
curve and t 1/2  washout [ 58 – 60 ].

        Calculation of Halftime of Washout 
or t 1/2  Washout 

 The halftime for elimination of radiotracer begin-
ning at the time of diuretic injection, or t 1/2  wash-
out, has traditionally been the preferred way to 
defi ne signifi cant urinary obstruction [ 46 ,  61 ]. It 
is measured in minutes, with less than 10 min 

being thought of as normal or nonobstructed, 
10–20 min as indeterminate, and greater than 
20 min as signifi cantly obstructed. Analysis 
begins at time  t  when the diuretic is administered, 
usually 20–30 min after injection of the radionu-
clide or when the collecting system is seen clearly. 
There is usually a short plateau and then a rapid 
decrease in activity that corresponds to diuretic 
response, which then plateaus as drainage of the 
radioactivity is completed. The shape of the drain-
age curve can supply useful information. Flat or 
rising curves are thought to represent obstruction. 
Use of the t 1/2  alone is troublesome, as it depends 
on several factors, including the state of hydration 
of the patient, the presence of signifi cant hydrone-
phrosis, and the amount of radioactivity at the 
time of diuretic injection and at the end point of 
the drainage phase. For example, in kidneys with 

  Fig. 6.6    Obstructed left kidney. Flow ( a ) and functional 
( b ) images. On the initial images in the fl ow phase, it 
appears as if activity is moving retrograde in the aorta 
( arrows ). The patient was injected in a lower extremity 
vein, and this actually is activity ascending through the 

inferior vena cava. The left kidney is considerably larger 
than the right. The right collecting system drains sponta-
neously prior to diuretic challenge, while there is little or 
no drainage from the left collecting system before or after 
diuretic challenge         
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normal function with almost complete drainage 
before the diuretic injection, the drainage curve 
will be fl at and the t 1/2  washout can be signifi -
cantly prolonged even though drainage is normal. 
This underlies the importance of examining the 
drainage curve and not simply categorizing chil-
dren by their t 1/2  washout values alone. As such, 
t 1/2  washout values should NOT be reported for 
kidneys that drain prior to diuretic administration 
(Fig.  6.7 ). While the t 1/2  washout is very useful for 
excluding obstruction in the setting of normal 
drainage, there is a signifi cant portion of patients 
with indeterminate drainage values, and this can 
lead to diagnostic uncertainty.  

    Gravity-Assisted Drainage 

 The standard diuretic renogram is performed with 
the patient in the supine position. Patients who 
have nonobstructive signifi cant  hydronephrosis 

and those who have residual atonic renal pel-
vis after pyeloplasty often exhibit delayed t 1/2  
in the “indeterminate” or “obstructed” range. 
Several authors suggest that renal drainage can 
also be positional, with possible improvement 
in renal drainage upon upright imaging [ 62 ,  63 ]. 
Wong et al. reported the effects of gravity- 
assisted drainage (GAD) in a mixed cohort of 
postoperative pyeloplasties, tapered ureteral 
reimplants, and children who were managed 
nonoperatively. GAD was performed by hold-
ing the child upright for 5 min after completion 
of the diuretic phase followed by acquisition of 
one fi nal image. The upright image was then 
compared to the last 5 min of the diuretic phase. 
Using a cutoff value of >50 % residual activity 
after 5 min of GAD to defi ne obstruction helped 
to stratify patients with halftimes in the “inde-
terminate” range.  In patients with a t1/2 washout 
of 10–20 min, sensitivity, specifi city, and accu-
racy for GAD >50 % in defi ning  obstruction 

b

Fig. 6.6 (continued)
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were 100 %, 79 %, and 83 % , respectively. In 
patients with t 1/2  washout >20 min, sensitivity 
was 88 %, specifi city was 74 %, and accuracy 
was 84 % [ 63 ]. GAD should be a standard com-
ponent in all diuresis renography studies as it 
can help clarify and correctly categorize some 
of those children with indeterminate or equivo-
cal t 1/2  washout.  

    Renal Output Effi ciency (OE) 

 Chai defi ned OE as the total renal output up to a 
time  t  expressed as a percentage of the total renal 
input, i.e., the amount of tracer that has left the 
kidney at a selected time expressed as a percent-
age of what the kidney has extracted from the 
blood [ 64 ]. OE provides an objective measure 

of the renal response to diuretic challenge  taking 
into account renal function and thus may be more 
useful in children with reduced renal function. 
Images of the left ventricle are used to gener-
ate a blood clearance curve which is fi tted to the 
rising phase of a background-corrected whole 
kidney time-activity curve. This represents the 
kidney input as a function of time. Post-diuretic 
background- corrected renal output is then sub-
tracted from input and expressed as a percentage 
of the corrected renal input. OE can be calculated 
at any point during the study (time  t ); however, 
the input images during the fi rst 1–2 min of the 
study must be used. 

 An OE for “normal kidneys” is defi ned as at 
least  78 % in adults  [ 64 ]. Saunders et al. com-
pared OE to DRG in 74 young children (91 
renal units) with a median age of 4 months. 

  Fig. 6.7    Numeric data from the patient illustrated in 
Fig.  6.6 . The numeric data confi rm the visual impression. 
There is virtually no drainage from the left collecting sys-
tem at any time during the test. Although the calculated 
T 1/2  washout from the left collecting system is 80 min, the 
curve is nearly fl at and we would report this simply as no 
response to diuretic challenge, consistent with obstruc-
tion. Note also that the T 1/2  washout from the right 

 collecting system is 13 min, which is an equivocal 
response to diuretic challenge. When the diuretic chal-
lenge was given ( arrow ), however, nearly all the activity 
already had drained from the collecting system, and con-
sequently, this value is not meaningful. We report these 
situations as spontaneous drainage prior to diuretic chal-
lenge and do not report a T 1/2  washout       
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Final outcomes were determined by surgical 
pathology and clinical follow-up. OE was calcu-
lated at 20 min post-diuretic injection and after 
gravity- assisted drainage. The children were 
initially stratifi ed by DRG fi ndings; obstruction 
on DRG was defi ned as at least two of the fol-
lowing: t 1/2  > 20 min, split renal function <40 %, 
and by visual assessment of a fl at or rising post-
diuretic drainage curve. Normal OE values were 
obtained by assessing the non-hydronephrotic 
contralateral kidney. In non-hydronephrotic kid-
neys, the mean OE was 96 % compared to 93 % 
in hydronephrotic but unobstructed kidneys. 
The  lower limit of normal was defi ned as 79 %  
(2 SD below the mean in hydronephrotic nonob-
structed kidneys). T 1/2  washout on diuretic 
renography initially stratifi ed the patients as 52 
nonobstructed, 20 indeterminate, and 19 
obstructed. Using a value of <79 %, OE classi-
fi ed 61 patients as normal and 20 as obstructed. 
The fi nal diagnosis revealed true obstruction in 
22 and no obstruction in 69. This resulted in an 
 overall diagnostic accuracy for OE of 89 % . In 
the indeterminate group, OE correctly classifi ed 
all cases of obstruction, and 56 % of those found 
not to be obstructed. Interestingly, OE per-
formed well in a subgroup of patients with 
reduced differential renal function (mean DRF 
32 %) detecting all true cases of obstruction and 
classifying ~70 % of unobstructed patients cor-
rectly. This resulted in a  sensitivity of 100 %, a 
specifi city of 82 %, and an accuracy of 80 % in 
children with mild to moderate renal dysfunc-
tion  [ 65 ].  

    Normalized Residual Activity 
(NORA) 

 Normalized residual activity (NORA), fi rst 
described by Piepsz et al. in 2000, can be thought 
of as complementary to OE [ 66 ]. It is the ratio 
between any 60-s interval of renal activity during 
a given time and the fi rst 60–120 s of the study. 
NORA can be calculated at any point during the 
study regardless of whether diuretic has been 
given. Typical acquisition times are at the end of 
the renogram, the end of the furosemide test, and 

after voiding. In other words, while OE describes 
what has left the kidney, NORA describes what 
remains behind. 

 Normal values were described in  Piepsz’s  
study comparing NORA values to OE in 175 
normal kidneys and 82 postoperative dilated but 
not obstructed kidneys. As expected,  NORA in 
normal kidneys at 20 min was almost always 
<1.0  because normal adequate drainage has 
already occurred. When NORA is plotted ver-
sus OE values obtained at 20 min, there is an 
excellent linear correlation ( R  2  = −0.917), which 
further confi rms the complementary nature 
of the two parameters. Of note, the choice of 
background correction plays a role in NORA 
calculations with perirenal or subrenal back-
ground ROIs making up 67 or 83 % of the 
value obtained without background correc-
tion. Therefore, background correction should 
be standardized when reporting this parameter 
[ 67 ]. NORA has been found to be less robust 
than OE in patients with diminished renal func-
tion [ 68 ]. The results of this new quantitative 
parameter are interesting and potentially useful, 
but further study is required to compare values 
in patients with known obstruction.  

    Radionuclide Cystography 

 Traditionally, VCUG utilizing fl uoroscopy has 
been the standard for the initial diagnosis of 
vesicoureteral refl ux. In an effort to minimize 
radiation exposure, Winter introduced direct 
radionuclide cystography in 1959 [ 69 ]. Because 
image resolution is inferior to that of VCUG and 
precise grading is not possible, most centers in 
the United States use radionuclide cystogra-
phy selectively. In a survey of North American 
pediatric urologists, Ellison et al. reported that 
only 1–3 % of those polled routinely ordered 
radionuclide cystography for children with ante-
natal hydronephrosis or after a fi rst febrile UTI 
compared with 97–99 % who ordered VCUG. 
Radionuclide cystography was, however, utilized 
more frequently in the setting of vesicoureteral 
refl ux follow-up (44 %) and in sibling screening 
(29 %) [ 70 ].  
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    Direct Radionuclide Cystography 

 Access to the bladder is made sterilely either by 
urethral catheter (5–8 Fr), by Foley catheter with 
a defl ated balloon during the voiding portion of 
the study, or by direct percutaneous suprapubic 
injection [ 71 ].  99m Tc-Pertechnate is the most 
commonly used radiotracer, but  99m Tc-sulfur col-
loid or  99m Tc-DTPA should be used in children 
with augmented bladders as these compounds 
are not absorbed via the bowel mucosa used in 
the augmentation [ 72 ]. The administered dose 
 (0.5–1.0 mCi/kg) is the same for all three tracers. 
The radiotracer is mixed in 250–500 mL of ster-
ile saline and hung approximately 70–100 cm 
above the table. Filling is complete when the age- 
appropriate volume is reached or upon cessation 
of fl ow from the bottle of solution. 

 The gamma camera is placed under the supine 
patient during the fi lling phase, and computer 

images are obtained at 5 s/frame. Once fi lling is 
complete, the cooperative patient is positioned 
upright with the camera posterior. Computer 
images are obtained every 2–10 s, and analog 
images are taken every 30–60 s. Pre- and post-
void bladder images are taken, and regions of 
interest are drawn around the bladder to calculate 
the postvoid residual. 

 The presence and duration of refl ux, and if 
possible the estimated bladder volume during 
refl ux, are reported. Grading is categorized as 
 mild , tracer only in the ureter;  moderate , tracer in 
a nondilated collecting system and ureter; and 
 severe , tracer within a dilated collecting system 
and ureter (Fig.  6.8 ). Some authors have 
attempted to correlate refl ux with bladder vol-
umes and voiding with limited success [ 73 ,  74 ].

   Acknowledged sources of error include inad-
equate bladder drainage in smaller caliber cathe-
ters, leakage of urine (and tracer) around the 

  Fig. 6.8    Severe vesicoureteral refl ux on direct radionuclide cystography. Activity extending into a dilated left pelvis/
collecting system ( arrow ) can be appreciated when the urinary bladder volume is 120 cm 3        

 

6 Principles of Nuclear Medicine Imaging



106

catheter, and skin contamination by urine. The 
latter two may result in false-positive exams.  

    Percutaneous Direct Radionuclide 
Cystography Technique 

 This technique, proposed by Wilkinson et al. in 
2002, was aimed for use in older, toilet-trained 
children who seek to avoid the discomfort of 
urethral catheterization [ 71 ,  75 ]. EMLA or topi-
cal lidocaine is applied to the suprapubic area of 
puncture 45 min prior to initiation of the study. 
The child is encouraged to drink liquids, and blad-
der fullness is assessed by ultrasound. Ultrasound 
is also used to measure the distance between the 
skin and bladder, if less than 12 mm a 25 gauge 
needle can be used to inject the radiotracer directly 
into the full bladder. Larger needles may be nec-
essary in older or more obese children.  

    Indirect Radionuclide Cystogram 

 The indirect radionuclide cystogram relies on 
patient cooperation to a much greater extent than 
direct cystography. As there is no urethral cathe-
terization, the child must be able to voluntarily 
void and must remain still, or the test cannot be 
completed. The radiotracer of choice is  99m  Tc- 
MAG3, but  99m Tc-DTPA can also be used at a 
dose of 0.08–0.12 mCi, administered either via 
venipuncture or IV catheter. Indirect cystography 
requires a conventional dynamic renal scan prior 
to the voiding phase of the study. 

 The child is placed supine with the camera 
posterior. Images are acquired at 1–4-s intervals 
for the fi rst minute, followed by images at 1–5- 
min intervals for 30–60 min or until at least 80 % 
of the tracer has left the collecting system and 
entered the bladder. If necessary, the child can be 
positioned upright to aid in kidney drainage prior 
to voiding images. For the voiding phase, the 
child is asked to sit, and the camera is again 
placed posterior. When the child reports the urge 
to void, 2–10-s computer images are obtained 
until the end of voiding. Any patient movement 
during image acquisition can lead to spurious 

results. Of note, refl ux can only be detected 
 during the voiding phase, and if the patient can-
not void, the test cannot be interpreted.  

    Direct Radionuclide Cystography 
Versus VCUG 

 Early studies suggest that DRC is comparable to 
VCUG in the detection of VUR and may be 
slightly more sensitive. Agreement between DRC 
and VCUG has been reported to be around 80 % 
with DRC detecting 17 % of cases missed by 
VCUG [ 76 – 78 ]. Kogan et al. report several cases 
of clinically signifi cant VUR detected only on 
DRC and missed by VCUG in a highly selected 
population. They recommend supplemental DRC 
in those children with negative VCUG who have 
a clinical history of multiple febrile UTIs and/or 
cortical imaging suggestive of renal scarring due 
to occult refl ux [ 78 ]. McLaren et al. found DRC 
to be even more sensitive than VCUG when pro-
spectively examining infants presenting with 
febrile UTI. Each patient underwent both diag-
nostic studies yielding a sensitivity of 45 % for 
VCUG and 91 % for DRC. However, DRC 
missed half of grade 1, 20 % of grade 2, and 6 % 
of grade 3 VUR found on VCUG [ 79 ].  

    Direct Radionuclide Cystography 
Versus Indirect Radionuclide 
Cystography 

 Due to the nature of IRC, which relies on bladder 
fi lling after a dynamic renogram, only the void-
ing and postvoiding phases can be interpreted. 
The injected radiotracer must be cleared from the 
blood and excreted by the kidneys, and only after 
tracer has exited the collecting system and ure-
ters can the study begin. Early refl ux can poten-
tially be masked by tracer already present in the 
ureter, or conversely ureteral tracer from the 
drainage phase could be interpreted as VUR. This 
signifi cant limitation to the technique may 
 potentially lead to false-negative or false-positive 
results. Early reports comparing the two tests 
confi rm this concern. In a study of 137 patients 
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who underwent concurrent DRC and IRC, 
Conway et al. reported that 21 % of cases of VUR 
occurred only during the fi lling phase and would 
not be detectable by IRC [ 80 ]. 

 Despite the logistical advantages (ease of 
interpretation, decreased radiation dose) of DRC 
versus IRC, many centers in Europe and Australia 
prefer IRC because it avoids urethral catheteriza-
tion despite decreased sensitivity and specifi city 
versus VCUG or DRC. When compared to VCUG 
as the standard, sensitivities range from 41 to 
82 % and specifi cities from 44 to 90 % [ 81 – 86 ].  

    Percutaneous Direct Radionuclide 
Cystography Versus IRC and VCUG 

 In Wilkinson’s report proposing suprapubic 
injection of radiotracer, 94 % of injections were 
successful in one attempt, and approximately 
82 % of patients reported the suprapubic injec-
tions caused less discomfort than the IV place-
ment required for IRC. Detection of refl ux by 
PDRC was approximately half that of previously 
reported by IRC in the same patients (28 % vs. 
66 %), but 30 % of the patients studied by PDRC 
had previously undergone corrective surgery for 
their refl ux. Additionally, PDRC was performed 
in most cases up to a year after the initial IRC, 
thus allowing some cases of VUR to potentially 
resolve [ 71 ]. Jose et al. reported slightly better 
results in a more carefully selected patient popu-
lation with VCUG and PDRC concordant in 
90 %.  Sensitivity, specifi city, and accuracy com-
pared to VCUG were 76 %, 100 %, and 92 % , 
respectively. Given its feasibility and excellent 
patient tolerability, it seems to be a technique that 
warrants further study, especially in older chil-
dren who seek to avoid catheterization [ 75 ].  

    Scrotal Scintigraphy 

 Differentiating testicular torsion from epididymo- 
orchitis relying solely on clinical judgment can 
be quite challenging and often results in unneces-
sary scrotal exploration. Scrotal scintigraphy, 
fi rst introduced in 1973 by Nadel et al. [ 87 ] to 

evaluate acute testicular pain, for many years was 
used as a fi rst-line diagnostic modality to distin-
guish testis ischemia from infl ammatory pro-
cesses. More recently, color and power Doppler 
ultrasonography has been shown to be a powerful 
and noninvasive tool for evaluating testicular 
blood fl ow that does not involve ionizing radia-
tion. This has obviated the need for scrotal scin-
tigraphy in most situations. Several authors 
advocate combined ultrasonography and scrotal 
scintigraphy in equivocal cases.  

    Scrotal Scintigraphy Technique 

  99m Tc-Pertechnate is given intravenously at a 
dose of 0.1 mCi/kg, with a minimum dose of 
2 mCi and a maximum dose of 15 mCi. To pre-
vent tracer uptake by the thyroid gland, 6 mg/kg 
of potassium perchlorate is given orally prior to 
the study. The patient is placed supine and the 
penis is secured superiorly and the scrotum is 
gently elevated above the thighs. The exam is 
then performed in two phases, angiography and 
static scintigraphy. 

 Tracer is given IV as a rapid bolus, and a low- 
energy collimator is used to record one frame per 
second for 60 s for the fl ow phase. After the fl ow 
phase is completed and without moving the cam-
era, a single static image of the scrotum is 
obtained for 300,000–500,000 counts. A lead 
apron is placed over the thighs and under the 
scrotum to minimize background interference, 
and another lead apron is placed over the supra-
pubic area to obscure any bladder activity. Once 
appropriately shielded, another anterior static 
image is acquired using a pinhole collimator for 
150,000 counts. If necessary, a cobalt 57 line 
source, or lead strip, may be placed in the midline 
to delineate the scrotal raphe.  

    Interpretation of Scrotal 
Scintigraphy 

 Normally, tracer activity is rarely seen in the 
scrotum during the fl ow phase of the study due to 
the relatively low blood fl ow in the area. Instead, 
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tracer is more often visualized in the iliac and 
femoral vessels and in the soft tissue of the 
thighs. The static images should show symmetric 
uniform tracer uptake in the scrotum. 

 During  early acute torsion (<24 h) , the fl ow 
phase often is normal, but on static images, there 
is reduced or absent uptake in the affected hemis-
crotum. After a few hours of symptoms, there is 
sometimes a rim of increased tracer uptake sur-
rounding the involved testicle. 

 In  late torsion (>24 h) , the fl ow phase may 
show a central region of decreased or absent 
activity corresponding to the affected testis. 
There can also be a peripheral rim of increased 
activity. Static images also show a similar pattern 
of decreased or absent activity surrounded by an 
area of increased activity (Fig.  6.9 ).

   In contrast to testicular torsion,  infl amma-
tory processes such as epididymitis and orchitis  
will appear as increased activity on both the 
fl ow and static images (Fig.  6.10 ). An abscess 
may have an appearance similar to that of late 
testicular torsion. The often irregular border of 
an abscess and a rim of hyperperfusion that is 
not always completely circumferential may 
help to differentiate this condition from late 
torsion.

    Torsion of the epididymal appendage  is rarely 
if ever demonstrated on scrotal scintigraphy as it 
lacks the necessary resolution. A torsed append-
age can appear as normal or increased fl ow on the 
fl ow phase and appears as normal on the static 
image. However, the aim of study is to exclude 
testicular torsion.     

Perfusion

Blood pool

  Fig. 6.9    Late testicular torsion. An 11-year-old boy pre-
sented with a 3-day history of right scrotal pain. There is 
mildly increased blood fl ow ( arrow ) to the right hemis-
crotum on the perfusion (fl ow) phase of the study. On the 
blood-pool phase, in the near  left image , there is a discrete 
photopenic defect ( arrow ) in the right hemiscrotum. 

There is a hyperemic rim ( arrows ,  center image ) sur-
rounding this region. This is the typical presentation of 
late torsion. On the far  right image , a lead shield has been 
placed on the median raphe ( arrow ), to help distinguish 
the right and left halves of the scrotum. A necrotic right 
testis was removed at surgery       
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           Introduction 

 Life on earth depends on electromagnetic 
 radiation. Plants live by converting energy through 
photosynthesis to grow and thrive and in turn 
 provide food for many of the earth’s animals. In 
our modern age, we depend on radiation-emitting 
devices, from the sun to our cell phones to radios, 
from medical imaging technologies to the elec-
tricity that powers our homes. In medicine, we 
derive benefi ts from many of these radiation- 
emitting devices, but there are also potential 
adverse health effects. To effectively explore the 
health effects of radiation exposure, it is neces-
sary to examine the physics of radiation. 

 The electromagnetic spectrum is roughly 
divided into ionizing and nonionizing radiation. 

The distinction depends on the amount of energy 
carried by the radiation, which is directly related 
to the frequency of vibration of the electric and 
magnetic fi elds. When the frequency (and hence 
energy) is high enough, the radiation can separate 
electrons from atoms, ionizing the material it 
passes through. 

 Nonionizing radiation includes ultraviolet, 
visible, infrared, microwaves, radio, television, 
and power transmission. Ionizing radiation 
includes high-energy radiation such as cosmic 
rays, x-rays, or gamma rays generated by nuclear 
decay. Ionizing radiation includes several types 
of subatomic particles such as beta radiation 
(high-energy electrons) and alpha radiation 
(helium ions – two protons and two neutrons). 
Medical x-rays are an example of a common 
exposure to ionizing radiation used for our bene-
fi t. Nuclear radiation is used to generate electric-
ity and cure disease, but is also an important 
element in military weapons. Nuclear radiation 
can pose signifi cant risks regarding human expo-
sure and environmental contamination.  

    History 

 The turn of the twentieth century marked the 
beginning of rapid progress in understanding and 
exploring the power of radiation. This period 
ushered in a growing appreciation of the poten-
tial adverse effects of radiation exposure. In 
1903, Marie Curie and Pierre Curie, along with 
Henri Becquerel, were awarded the Nobel Prize 
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in physics for their contributions to  understanding 
radioactivity, including the properties of ura-
nium. The “curie” and the “becquerel” are still 
used as units of measure in radiation. In 1895, 
Wilhem Conrad Roentgen discovered x-rays, and 
in 1901 he was awarded the fi rst Nobel Prize for 
physics. These discoveries lead to signifi cant 
advances in medicine. However, by 1911, work-
ers exposed to x-rays and radium (including 
Marie Curie) were noted to have higher rates than 
normal of leukemia. In addition, many of those 
exposed were childless or had children born with 
signifi cant birth defects. 

 Once these associations were made, signifi -
cant challenges were evident in the determination 
of safe or tolerable radiation dosages. Initial esti-
mates were based on empirical observations. The 
construction of the Geiger-Muller counter in the 
1920s helped quantify radiation intensity but did 
not edify health-care workers about safe levels 
of radiation exposure. The fi rst safety standard 
was based on a measure called the erythema dose 
(the amount of radiation which would produce 
reddening of Caucasian skin). At a 1928 meet-
ing in Stockholm, radiologists arbitrarily chose 
a 0.01 erythema dose per month as the upper 
limit of exposure. Subsequently, the Committee 
of Radiation Safety met with commercial man-
ufacturers to defi ne maximal tolerance doses. 
However, it was not until the United States moved 
into the era of nuclear weapon development and 
deployment with the Manhattan Project and the 
use of nuclear weapons on Japan that scientists 
were able to more fully assess the short- and 
long-term health effects of radiation exposure. 
Even today, exposure limits remain somewhat 
arbitrary given the low-dose exposure that we 
receive from naturally occurring radioactivity 
and cosmic rays [ 1 ,  2 ]. It should be remembered 
that we evolved with a background exposure to 
naturally occurring ionizing radiation and we 
continue to be exposed to low levels of natural 
background radiation. Some have estimated that 
1 in 100 cancers are the result of this background 
exposure. 

 Work by Enrico Fermi and others lead to the 
fi rst sustained nuclear chain reaction in a labora-
tory beneath the University of Chicago football 
stadium on December 2, 1942. Subsequently, this 

knowledge was used to develop the atomic 
bombs that were dropped on Japan in an effort to 
end World War II. Much of our understanding of 
the effects of nuclear radiation exposure has 
come from the victims in Japan as well as the 
many workers in uranium mines.  

    Biologic and Physical Properties 

    Ionizing Radiation 

 Ionizing radiation has suffi cient energy to pro-
duce ion pairs as it passes through matter so that 
is it frees electrons and leaves the rest of the 
atoms positively charged such that there is 
enough energy to remove an electron from an 
atom. This generates free radicals that will com-
bine with adjacent molecules. The most common 
free radical generated is produced from water and 
is a highly reactive hydroxyl radical. Similarly, 
the ejected free electron is left to alter the struc-
ture and activity of adjacent molecules. The 
energy released is enough to break bonds in DNA 
leading to signifi cant cellular damage and poten-
tial cause cancer. The health effects and dose–
response relationship for radiation exposure are 
well established from human exposures to radia-
tion and from other research. The four main types 
of ionizing radiation are alpha particles, beta par-
ticles (electrons), gamma rays, and x-rays. 

 Alpha particles are heavyweight and relatively 
low-energy emissions from the nucleus of radioac-
tive material. The transfer of energy occurs over a 
very short distance of about 10 cm in air. A piece 
of paper or layer of skin will stop an alpha particle. 
The primary hazard occurs in the case of internal 
exposure to an alpha-emitting material. Cells close 
to the alpha-particle-emitting material will be 
damaged. Typical sites of accumulation include 
bone, kidney, liver, lung, and spleen (see Fig.  7.1 ).

   Beta particles, in contrast, are high-energy, 
high-speed positrons or electrons that emit ion-
izing radiation in the form of beta rays. The pro-
duction of beta particles is termed beta decay. 
There are two forms of beta decay, β −  and β + , 
which respectively give rise to the electron and 
the positron. Of the three common types of 
 radiation given off by radioactive materials, 
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alpha (Fig.  7.1 ), beta, and gamma, beta has the 
medium penetrating power and the medium ion-
izing power. Although the beta particles given 
off by different radioactive materials vary in 
energy, most beta particles can be stopped by a 
few millimeters of metal such as aluminum or 
lead. Since it is composed of charged particles, 
beta radiation is more strongly ionizing than 
gamma radiation. Beta radiation is used to treat 
some malignancies, and beta decay is a source of 
positrons for PET (positron emission tomogra-
phy) scans where a radiolabeled sugar (fl udeox-
yglucose) emits positrons that are converted to 
pairs of gamma rays to localize malignancies 
since they are typically more metabolically 
active than other surrounding tissues. 

 Gamma radiation is a high-frequency, high- 
energy radiation typically produced by the decay 
of atomic nuclei in high-energy states such as 
radium. Unlike alpha and beta particles, gamma 
rays represent a form of radiation rather than a 
source of radiation. Gamma rays are distinguished 
by x-rays by their source of origin; gamma rays 
are emitted by atomic nuclei, whereas x-rays are 
emitted by electrons [ 3 ]. Protection from gamma 
rays requires large amounts of mass in contrast 
to beta and alpha particles. Gamma radiation is 
used in imaging technologies such as PET scans. 
Other uses include technetium 99-m that emits 
gamma rays in the same energy range as diag-
nostic x-rays. During a technetium 99-m scan, a 
gamma camera can be used to form an image of 
the radioisotope’s distribution by detecting the 
gamma radiation emitted. 

 X-rays are a form of electromagnetic radia-
tion with a wavelength range of  0.01–10 nm with 
associated energies in the range 100 eV–100 keV. 
The wavelengths are shorter than those of ultra-
violet radiation and typically longer than gamma 
radiation. X-rays are useful in imaging technol-
ogy because they can penetrate tissue without 
signifi cant absorption or scattering. X-ray inter-
action with matter for the purposes of imag-
ing modalities occurs through photoelectric 
absorption. 

 Exposures to ionizing radiation include air 
travel; this increases our exposure to cosmic and 
solar radiation that is normally blocked by the 
atmosphere. Radiation intensity is greater across 
the poles and at higher altitudes, thus individual 
exposure varies depending on the route of travel. 
Storms on the sun can produce solar fl ares that 
can release larger amounts of radiation than 
normal. For the occasional traveler, this radia-
tion exposure is well below recommended limits 
established by regulatory authorities. However, 
frequent fl iers and airline workers can be exposed 
to levels of radiation that exceed established 
guidelines. 

 Sources of ionizing radiation or exposed 
populations:
•    Medical x-ray devices (patients, health-care 

employees)  
•   Radioactive material producing alpha, beta, 

and gamma radiation (laboratory workers, 
health-care employees, patients)  

•   Cosmic rays from the sun and space (air 
travel)     

Ionizing radiation
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  Fig. 7.1    Ionizing energy 
transmission associated with 
radiation particles (Adapted 
from “A Small Dose of 
Toxicology”, with 
permission)       

 

7 Radiation Safety



116

    Radiation Units 

 The units used to describe exposure and dose 
of ionizing radiation to living material are con-
fusing, at best. First, the units have changed 
to an international system, SI (Systeme 
Internationale). The subsequent description will 
use the SI system. Different methods exist to 
measure radiation. The radiation dose that the 
patient experiences can be measured directly. 
So, while the fundamental descriptive unit of ion-
izing radiation is the amount energy, expressed in 
coulombs or joules per kilogram of air, and is the 
unit of exposure in air, the absorbed dose is the 
amount of energy absorbed by a specifi c material 
such as the human body and is described as the 
gray (Gy), previously the rad (radiation absorbed 
dose). The gray is used to assess absorbed dose in 
any material. One gray delivers 1 J of energy per 
kilogram of matter. However, the energy transfer 
of the different particles and gamma rays is dif-
ferent. A weighting factor is used to allow com-
parison between these different energy transfers. 
Further, tissues and organs have different sensi-
tivities to radiation. As a consequence, equivalent 
and effective dose concepts were developed. 

 The unit for the equivalent dose is the sievert 
(Sv). The Sv is used to estimate the stochastic 
(see below) biologic effect of ionizing radiation 
on tissue and has an equivalent, effective and 
committed dose weighted averaging for each bio-
logic tissue. For example, while 1 Sv = 1 J/
kg = 1 Gy, the absorbed dose of 1 mGy of alpha 
radiation would be equal to 20 mSv because of 
the weighting factors of alpha radiation. A further 
refi nement is possible that applies a weighting 
factor to each type of tissue. Recommended lim-
its on radiation exposure are expressed in sieverts. 
Radiation imaging exposure units include 
milliampere- seconds (MAS). 

 Air kerma rate is also used to as a radiation 
unit. Kerma (kinetic energy released in matter) 
represents the kinetic energy absorbed per unit 
mass of a small amount of air when it is irradi-
ated. It is associated only with indirectly ionizing 
radiation and is used as a replacement quantity 
for absorbed dose when the absorbed dose is dif-
fi cult to calculate such as in fl uoroscopy. Air 

kerma rate is the rate calculated using (u/p) value 
for air and is measured in Gy per unit time (Gy/h). 

 Several derivations on this unit exist including 
air kerma–area product (Pka) and air kerma at the 
reference point (Ka,r) [ 4 ]. Cumulative dose (CD) 
represents the air kerma accumulated at a specifi c 
point in space relative to the interventional refer-
ence point (typically the fl uoroscope gantry). 
This is also referred to as cumulative air kerma. 
Other units include dose–area product (DAP). 
This measurement represents the integral of air 
kerma across the entire x-ray beam emission and 
serves as a surrogate measurement for the entire 
amount of energy delivered. DAP is measured in 
Gy · cm 2 .  

    Health Effects: Ionizing Radiation 

 Ionizing radiation is more harmful that nonion-
izing radiation because it has enough energy 
to remove an electron from an atom and thus 
directly damage biological material. The energy 
is enough to damage DNA, which can result in 
cell death or induce cellular neoplastic change 
(cancer). The study of ionizing radiation is a 
large area of classical toxicology, which has pro-
duced a tremendous understanding of the dose–
response relationship of exposure. The primary 
effect of ionizing radiation resides in its effect 
on DNA. It can also affect the developing fetus 
of mothers exposed during pregnancy. Radiation 
exposure has a direct dose–response relationship. 

 Our knowledge of the effects of radiation 
developed gradually from experience over the 
last century. Early in the century, researchers 
such as Marie Curie died of cancer possibly 
related to her radiation exposure. Occupational 
exposure has also informed our understanding of 
radiation exposure risks. Young women employed 
to paint radium on watch dials died from bone 
cancer in the 1920s and 1930s [ 5 ,  6 ]. During this 
time, radium was promoted as a cure of many 
maladies and even recognized by the American 
Medical Association as a therapeutic option. 

 A great deal was learned from the atomic 
bomb survivors at Nagasaki and Hiroshima. The 
US military dropped the fi rst atomic bomb on 
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Hiroshima, Japan, on August 6, 1945, and a 
 second on Nagasaki, Japan, 3 days later. The 
bombs used two different types of radioactive 
material,  235 U in the fi rst bomb and  239 PU in the 
second. It is estimated that 64,000 people died 
from the initial blasts and radiation exposure. 
Approximately 100,000 survivors were enrolled 
in follow-up studies, which confi rmed an 
increased incidence of cancer. Ionizing radiation 
was also used to treat disease. From 1905 to 
1960, ionizing radiation was used to treat ring-
worm in children and ankylosing spondylitis as 
well [ 7 ]. Experience with the use and misuse of 
ionizing radiation has demonstrated that the 
greater the dose, the greater the likelihood of 
developing cancer and that latency periods need 
to be measured in decades (from 10 to 60 years).   

    Medical Imaging 

 Medical imaging has become so commonplace in 
the United States and other resource-rich coun-
tries that the medical standard of care necessi-
tates its use. The last two decades have seen the 
advancement and popularization of new imaging 
modalities such as magnetic resonance imaging 
(MRI), positron emission technology (PET) in 
addition to the standard use of fl uoroscopy, and 
ultrasound technologies. It is a rare patient who 
has not received any imaging studies. With the 
widespread use of prenatal ultrasonography, most 
young people have experienced an imaging study 
even prior to birth. While ultrasound-imaging 
technology does not use ionizing radiation, some 
health concerns exist around its use. The Food 
and Drug Administration (FDA) has set limits on 
exposure at 4 T for infants less than 1 month old 
and 8 T for adults [ 8 ].  

    Nonionizing Modalities 

 Some modalities like ultrasonography and MRI 
are not associated with ionizing radiation and so 
are considered to have low to nonhazardous health 
risks to humans. The high-magnetic fi elds used in 
clinical MRI range up to 3 T. Ultrasonography 

employs high-frequency sound waves for 
 visualization. The power levels used for imaging 
are currently believed to be below the threshold 
to cause short-term or long-term tissue damage. 

 The long-term effects due to ultrasound expo-
sure at diagnostic intensity are still unknown, but 
ultrasonography as a diagnostic modality has 
been used in increasing frequency over the last 
half century [ 8 ]. The ALARA (as low as reason-
ably achievable) principle has been employed in 
this fi eld of radiology—to minimize scanning 
time and power settings as low as possible while 
still achieving imaging goals. Nonmedical uses 
are discouraged under this principle as well. 

 Nonionizing imaging modalities are the imag-
ing modalities of choice for children because of 
the recognized risks associated with ionizing radi-
ation and cancer mortality [ 9 ]. However, ionizing 
radiation modalities provide diagnostic ease and 
clarity that cannot be reproduced by nonionizing 
modalities and where the risk–benefi t ratio clearly 
rests on the side of using the study [ 10 ].  

    Ionizing Modalities 

 Radiology modalities that involve the use of ion-
izing radiation include diagnostic fl uoroscopy, 
nuclear medicine imaging, and computerized 
tomography (CT) [ 11 ]. While the use of all these 
imaging modalities has increased over time, the 
use of CT in pediatrics has increased particularly 
rapidly largely because of the advent of helical 
CT which allows for increased accuracy in imag-
ing over a shorter period of time [ 9 ]. This allows 
one to avoid the need for sedation to produce a 
useful study. The increase in exposure from ion-
izing radiation imaging modalities has increased 
600 % from 1980 to 2006 (0.54–3 mSv) with 
medical radiation now accounting for half of the 
total radiation exposure in the United States. 
Repeated postnatal exposure of children to ion-
izing radiation to evaluate scoliosis is associated 
with increased rates of breast cancer later in life. 
This has raised concern for increased risk for 
other malignancies as well [ 12 ,  13 ]. 

 Concern for increased lifetime risk for 
malignancies secondary to radiation exposure 
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from these modalities was brought to attention 
in the late 1990s. Cancer risk estimations for 
children exposed to a CT (using adult radiation 
exposure doses) were calculated by Brenner 
who found a 0.18 % (abdominal) and 0.07 % 
(head) increased lifetime risk for cancer. These 
percentages were an order of magnitude higher 
in children than in adults based on the increased 
lifetime risk-dose exposure. These estimates 
were derived from cancer risk calculations and 
mortality data from atomic bomb survivors in 
Japan. That data demonstrated increased cancer 
mortality data with doses greater than 100 mSv 
with decreasing risk for lower radiation expo-
sures [ 14 – 18 ].  

    Risk Assessment 

 Radiation risk can be considered in the following 
categories:
    1.    Stochastic risk to the individual   
   2.    Stochastic risk to society   
   3.    Deterministic risk to the individual   
   4.    Pregnancy exposure-related risks     

 Deterministic risks represent radiation- 
induced tissue damage that manifests itself 
within days to weeks after exposure. This 
includes radiodermatitis and radiation-induced 
skin ulceration. Interventional fl uoroscopic pro-
cedures represent the most common mechanism 
for this type of exposure. In particular, complex 
interventional procedures with prolonged fl uo-
roscopy times increase deterministic risks asso-
ciated with ionizing radiation exposure. 
Deterministic effects of tissues such as the skin, 
lenses of the eyes, and hair follicles are a by-
product of damage to supporting tissues and 
sterilization of stem cells. Tissue damage occurs 
when the ability of the affected organ to repair 
itself by cellular division is overwhelmed by the 
cell loss due to radiation damage. Lethal levels 
of radiation are used to intentionally kill cancer 
cells. Consequently, the extent and timing of tis-
sue damage is related to cell proliferation kinet-
ics of the irradiated organs [ 19 ]. Deterministic 
risks are uncommon in general and even more 
uncommon in pediatrics [ 20 ,  21 ]. Deterministic 
effects occur at high doses over short exposure 

times and are usually seen at doses over 0.1 Gy 
or high-dose rates (0.1 Gy/h). 

 Stochastic risks represent cancer-induction 
risks associated with radiation exposure. They 
are attributable to the aftermath of DNA damage 
that results in malignant transformation of a cell. 
These risks are impacted by the tissue exposed, 
the severity and duration of radiation exposure, 
latency effects, and genetic susceptibility of the 
exposed individual [ 19 ]. A latency period of 
years to decades is taken into consideration when 
calculating the stochastic risks involved in radia-
tion exposure [ 22 ]. The consensus of the nuclear 
industry and many government regulatory agen-
cies is that the incidence of cancers due to ioniz-
ing radiation can be modeled linearly with an 
effective dose (see below) at a rate of 5.5 % per 
Sv [ 23 ]. Individual studies, alternate models, and 
earlier versions of the industry consensus have 
produced other risk estimates scattered around 
this consensus model. The BEIR VII report offers 
estimates of lifetime attributable to radiation 
exposure of specifi c organs [ 24 ]. This risk esti-
mate includes cancer-related deaths that would 
have occurred without exposure but occurred at a 
younger age than anticipated as a consequence of 
the exposure. It is important to consider that fl uo-
roscopic procedures do not result in whole-body 
irradiation so that stochastic risk estimates are 
better tailored for organ-specifi c exposures in 
this instance [ 4 ]. 

 Effective dose (E) is a unit developed in an 
effort to quantitate the stochastic effect of a radia-
tion dose. To calculate this dose, assumptions are 
made based on age, gender, and health status of 
the general population. In relation to fl uoroscopic 
procedures, E is usually evaluated using Pka in 
addition to a procedure-specifi c coeffi cient based 
on Monte Carlo simulations (thermoluminescent- 
dosimeter measurements in phantoms) (see 
Fig.  7.2 ). This has been done for pediatric patients 
as well [ 25 ]. Because of the assumptions built 
into E calculations, the NCRP currently does not 
recommend using E for quantitative estimates of 
stochastic risk for individual patients or patient 
groups [ 4 ].

   Consensus agreement exists that infants and 
children are at increased risk for the stochastic 
effects of ionizing radiation. As noted above, 
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Brenner and his colleagues raised awareness of 
these stochastic risks for a pediatric population 
by estimating the risks of inducing a fatal cancer 
from the ionizing radiation exposure of a com-
puterized tomographic (CT) imaging study [ 9 ]. 
In this study, the authors estimated organ-dose 
exposures as a function of age at diagnosis for 
common CT examinations and then estimated 
lifetime cancer risks from this exposure using 
standard models that assumed a linear risk 
extrapolation. They arrived at a lifetime risk for 
cancer mortality for a 1-year-old exposed to a 
standard CT to be 0.18 % for an abdominal CT 
and 0.07 % for a head CT. These increased risks 
were attributable to an increased dose per 
milliampere- second and the increased lifetime 
risk per unit dose because of the longer latency 
period involved in pediatric exposures compared 
to adults [ 9 ]. 

 A subsequent epidemiological study by Pearce 
and his colleagues of 178,064 children who 
received an abdominal CT or head CT between 
1985 and 2002 demonstrated an increased 

 incidence of leukemias and brain cancers that 
were remarkably close to the estimates of the 
Brenner study [ 26 ]. These studies have focused 
on leukemias and brain cancers because of their 
short latency period from radiation exposure to 
tumor formation. Studies of the atomic bomb sur-
vivors in Japan estimate that lifetime risk esti-
mates for an irradiated population may need to 
extend 50–60 years [ 27 ]. 

 Roughly 85 million CT scans are being per-
formed each year in the United States, and a 
growing number of these are being performed on 
children. Several investigators have noted a high 
frequency of imaging studies ordered for chil-
dren with an increased frequency of higher radia-
tion exposure studies especially for diagnoses of 
abdominal pain, headache, and head injury [ 28 ]. 
The utility of imaging modalities of the CT scans 
due to its image quality and speed remains unsur-
passed. Consequently, it is widely used in pediat-
ric trauma situations despite the increased 
awareness of the long-term effects of the radia-
tion exposure from these studies [ 29 ]. Tepper and 

Mean absorbed
dose

Equivalent doses

Reference
phantom (male

or female)

Equivalent doses

Gender–averaged
equivalent dose (HT)

Effective dose (E)

WR

WT

Mean absorbed
dose

Radionuclide
exposure and/or

external exposure

  Fig. 7.2    Schematic 
illustration of the method 
used to calculate effective 
dose.  W   R   radiation 
weighting factor,  W   T   tissue 
weighting factor,  H   T   tissue 
weighting factor       

 

7 Radiation Safety



120

colleagues found a mean effective ionizing 
 radiation dose of 11.4 mSv for CT scans per-
formed within the fi rst 24 h for pediatric trauma 
patients in the North Carolina Trauma Registry 
[ 30 ]. In the fi eld of pediatric urology, Page and 
his coworkers performed a retrospective audit of 
the radiation doses of patients receiving voiding 
cystourethrograms and nuclear medicine studies 
and compared them to CT scans and found the 
dose exposures to be comparable [ 31 ].  

    Reducing Exposure 

 In recognition of this trend and in light of 
increased public awareness of the stochastic risks 
of ionizing radiation exposure in children, pediat-
ric imaging societies have produced new recom-
mendations to limit ionizing radiation exposure 
for children from these imaging modalities. These 
recommendations include (1) increasing educa-
tion and awareness of stochastic risks among the 
radiology community, (2) advocating for the use 
of nonionizing imaging modalities such as ultra-
sonography when it is an appropriate alternative, 
and (3) pediatric imaging protocols that reduce 
radiation exposure without  compromising image 
quality [ 32 – 34 ]. The Image Gently campaign 
(  http://www.pedrad.org/associations/5364/ig/    ) is 
among the best known of various efforts to reduce 
risk with ionizing radiation imaging sources in 
pediatrics. The leaders of this campaign recently 
published a list of goals yet to be accomplished 
[ 35 ]. Surveys of physicians and medical students 
suggest that educational gaps exist. In one survey, 
25 % of physicians and 43 % of medical students 
were unaware that interventional procedures 
used ionizing radiation. The group surveyed also 
believed CT scans were associated with the least 
exposure to ionizing radiation [ 36 ].  

    Regulatory Standards 

 The fi rst organized effort to protect people from 
radiation exposure began in 1915 when the 
British Roentgen Society adopted a resolution to 
protect people from x-rays. 

 In 1922, the United States adopted the British 
protection rules, and various government and 
nongovernmental groups were formed to protect 
people from radiation. In 1959, the Federal 
Radiation Council was formed to advise the pres-
ident and recommend standards. In 1970, the US 
Environmental Protection Agency was formed 
and took over these responsibilities. Now several 
government agencies are responsible for protect-
ing people from radiation-emitting devices.  

    Standards for Radiation Exposure 

 Recommended exposure limits are set by the 
US National Council on Radiation Protection 
(NCRP) and worldwide by the International 
Council on Radiation Protection (ICRP). The 
occupational exposure guidelines are 100 mSv in 
5 years (average, 20 mSv per year) with a limit of 
50 mSv in any single year. For the general public, 
the standard is 1 mSv per year. This must be put 
in the context of natural background radiation, 
which is approximately 3 mSv/year depending 
upon location (such as elevation) as well as other 
variables.     
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          Introduction 

 Evaluation of the fetus by ultrasound goes back at 
least 40 years. The fi rst report of a fetal urologic 
anomaly diagnosed by ultrasound was published 
by Garrett et al. in 1970 [ 1 ]. The overall incidence 
of detectable fetal anomalies has grown over the 
years given the improvement in technology and 
increased availability of prenatal screening. In 
the United States, 2–3 prenatal ultrasounds are 
performed per pregnancy [ 2 ]. Currently it is 
estimated that incidence of urologic anomalies 
detected in utero is about 1 in 500 fetuses and 
50 % of these are, most commonly, in the form 
of dilation of the urinary tract or hydronephrosis 
(antenatal hydronephrosis or ANH) [ 3 ]. Recent 
studies have shown that the rate of hydronephro-
sis detected prenatally varies between 115 per 
10,000 live births to 1,000/10,000 [ 4 ,  5 ]. With 
an increasing number of fetuses being diag-
nosed with abnormalities of the urinary tract, 

 management has become more complex and cer-
tainly more controversial [ 6 ]. 

 It has become clear that the prenatal diagnosis 
has an impact on the management of the preg-
nancy and has signifi cant effect on the emotional 
health of both parents during the gestation [ 7 ]. 
Currently, in the United States, no guidelines 
have been set forth for the prenatal evaluation of 
the fetus. Prenatal ultrasound is recommended 
but there is no set schedule for the timing of the 
ultrasound. Although ultrasound is the modality 
of choice for fetal imaging, indication to carry 
out ultrasonographic evaluation of the urinary 
tract in the fetus is still a matter of discussion. 
Practice guidelines have emerged over the last 
20 years. The American College of Obstetricians 
and Gynecology has defi ned three types of ultra-
sound examination: basic, limited, and compre-
hensive. In 1994 the members of the National 
Institute of Health Consensus Development 
Conference (NIHCDC) suggested that ultrasound 
may be benefi cial and listed indications for pre-
natal ultrasonography [ 8 ]. 

 Currently prenatal evaluation of the fetus by 
ultrasound is widely used as a screening tool in 
certain European countries and in Canada but 
has not been applied as extensively in the United 
States. The role of ultrasound to evaluate the 
fetal urinary tract can be summarized as follows: 
(1) to detect degrees of fetal urinary tract dilata-
tion that may warrant monitoring during the ges-
tation and postnatally; (2) to identify fetuses 
affected with such severe lesions that interven-
tion or termination of the pregnancy might be 

        C.  E.   Barnewolt ,  MD      
  Department of Radiology ,  Harvard Medical School , 
  Boston ,  MA ,  USA    

  Division of Ultrasound, Department of Radiology , 
 Children’s Hospital Boston ,   Boston ,  MA ,  USA   
 e-mail: carol.barnewolt@childrens.harvard.edu   

    M.   Cendron ,  MD      (*) 
  Department of Urology ,  Children’s Hospital Boston, 
Harvard Medical School ,   300 Longwood Ave. , 
 Boston ,  MA   02115 ,  USA   
 e-mail: marc.cendron@childrens.harvard.edu  

  8      Prenatal Imaging of 
the Genitourinary Tract 

           Carol     E.     Barnewolt       and     Marc     Cendron     



126

considered; and (3) to provide options and man-
agement for the fetus diagnosed with urologic 
anomalies that will warrant postnatal evaluation 
and treatment [ 5 ,  9 ]. 

 In general, prenatal radiologic evaluation is 
usually not focused on the genitourinary tract but 
rather on the fetus as a whole. The primary goal 
of sonographic screening of the fetus remains the 
accuracy in ascertaining a correct diagnosis [ 10 ]. 
As previously stated, the most common fi nding 
involving the urinary tract is dilatation of the 
renal collecting system otherwise known as 
hydronephrosis (ANH) from the Greek word for 
water and nephros kidney, fl uid on/in the kidney. 
This review will go over current concepts related 
to fetal hydronephrosis including imaging modal-
ities, prenatal and postnatal evaluation, and 
options in management. 

 Modalities to evaluate the genitourinary tract 
of the fetus include ultrasound as well as mag-
netic resonance imaging (MRI). Computed 
tomography (CT scan) is rarely if ever warranted 
for fear of needlessly exposing both mother and 
fetus to ionizing radiation. Strict indications for 
fetal imaging have not been established, but 
some relative indications include family history 
of  genitourinary abnormalities, advanced mater-
nal age, diffi culties with the pregnancies (bleed-
ing and/or preeclampsia), as well as concerns 
about fetal development or chromosomal anom-
alies [ 11 ]. Furthermore, standard protocols for 
fetal screening have not been published espe-
cially with regard to the evaluation of the genito-
urinary tract. Important aspects of prenatal 
imaging of the fetal urinary tract evaluation 
include, but not limited to, (1) the amount of 
amniotic fl uid (amniotic fl uid index or AFI), (2) 
a general fetal survey to look for any spinal 
abnormality as well as for pulmonary hypopla-
sia, and (3) a full evaluation of both kidneys, 
bladder, and, at a later stage of pregnancy, the 
genitalia. 

 The purpose of this chapter is to review fetal 
genitourinary imaging beginning with the kid-
neys, the ureters, and then the bladder and fi nally 
going over imaging of the genitalia [ 12 ]. A brief 
discussion of the use of fetal MRI will be 
provided.  

   Renal and Ureteral Imaging 

 The fetal kidneys will have assumed their recog-
nizable position and shape by approximately 
10–12 weeks postconception. Accurate ultraso-
nographic evaluation of the kidneys is usually 
best done after 15 weeks given the rather small 
size of the fetal kidneys and lack of perirenal fat 
which prevents clear delineation of the tissue 
planes. With further fetal growth, identifi cation 
of the kidneys becomes much easier, and by 
approximately 24 weeks of gestation, a adequate 
evaluation of the kidney cortex as well as collect-
ing system can be carried out. Increasing 
improvements in technology has allowed for bet-
ter delineation of the renal cortex, collecting sys-
tem, and ureters [ 13 ]. The fetal adrenal glands 
tend to be relatively large compared to the kid-
neys and can usually be identifi ed superior to 
each kidneys unless the sonographic window is 
limited by fetal position or by maternal body 
habitus. It may be diffi cult to differentiate them 
from the kidneys. Kidney size measurement is an 
important data point in monitoring overall fetal 
growth. Other aspects of renal evaluation are the 
appearance and size of the renal collecting sys-
tem. In the normal fetus, the renal collecting sys-
tem is usually not clearly visualized, whereas if 
there is fl uid either retained in the collecting sys-
tem or regurgitated up the ureter, hydronephrosis 
will then be observed. The degree of hydrone-
phrosis can vary widely. It is reported that 
approximately 10 % of all fetuses have some 
degree of hydronephrosis [ 14 ]. 

 Various classifi cation systems for hydrone-
phrosis have been proposed. A basic classifi ca-
tion involves grading the degree of hydronephrosis 
as moderate to severe based on the anteroposte-
rior diameter of the renal pelvis [ 15 ,  16 ]. A more 
sophisticated system was proposed by the Society 
for Fetal Urology, but this system may be a bit 
cumbersome and complex [ 17 ]. Dilatation of the 
upper urinary tract is idiopathic in the vast major-
ity of cases but may be associated with some type 
of pathological process. Given the wide variation 
in the degree of dilatation of the upper urinary 
tract seen at various stages of gestation and 
uncertainty regarding the etiology, managing 
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prenatally diagnosed hydronephrosis may be dif-
fi cult and is open to discussion. Mild prenatal 
hydronephrosis (AP diameter of less than 8 mm 
or SFU grades 1 through 2) is probably of no 
great clinical concern [ 18 ,  19 ] (Fig.  8.1 ). Studies 
have shown that fetuses whose renal pelvis AP 
diameter was <7 mm had an 80 % resolution rate 
of the hydronephrosis. All resolved by year one 
[ 20 ,  21 ]. However, if the dilatation is noted to be 
>7 mm, few or none resolved antenatally, and a 
number of fetus (less than 5 %), when followed 
postnatally, required some type of surgical proce-
dure, most of whom having had an AP diameter 
of the renal pelvis >10 mm. In light of recent 
studies, fetal hydronephrosis was felt to be clini-
cally signifi cant in 5–15 % of cases usually when 
the renal AP diameter of the pelvis is >10 mm 
[ 22 ]. Other factors to consider include caliecta-
sis, the status of the amniotic fl uid volume (amni-
otic fl uid index), as well observation of an 
abnormal renal parenchyma. It should be noted 
that dilatation of the upper urinary tract is not 
necessarily due to obstruction but can be due to 
vesicoureteral refl ux (Fig.  8.2 ).

    Ultrasound features that might be associated 
with some type of uropathology include pelvic 
AP diameter greater than 8 mm, massive dilation 
of the ureters and renal pelvis bilaterally, 
increased renal cortical echogenicity, thickened 
bladder wall, and reduced levels of amniotic 
fl uid. Lee et al. in 2003 showed in a meta- analysis 
that moderate to severe hydronephrosis had a 
higher risk of pathology [ 23 ]. However, no other 
specifi c ultrasound features were found to have 
any predictive value [ 22 ,  24 ]. The differential 
diagnosis of fetal hydronephrosis is lengthy and 
includes obstructive processes such as uretero-
pelvic or ureterovesical obstruction as well as 
posterior urethral valves in boys, refl ux of urine 
from the bladder to the renal collecting system, 
and more uncommon conditions such as prune-
belly syndrome. Again, it is important to remem-
ber that dilatation of the upper urinary tract is not 
necessarily due to obstruction and that ultrasound 
alone is not an accurate test for obstruction as it 
does assess function or physiology. 

 The etiology of idiopathic hydronephrosis has 
not been determined, but the suspicion is that the 

ureter may have been kinked early in develop-
ment as urine production starts. The kinking 
causes a transient obstruction to the fl ow of urine 
which will then cause back up of urine into the 
renal collecting system, thus, causing dilation. 
With differential growth of the fetus, the ureter 
may straighten out and the obstructive process 
may disappear leaving the collecting system 
dilated to varying degrees. 

 Marked dilation of the renal collecting sys-
tem may be associated with high-grade obstruc-
tion (Fig.  8.3 ). If it is bilateral, the obstructive 
process may be intravesical (posterior urethral 
valves in males) (Fig.  8.4 ). As noted above, the 
more severe the degree of dilation of the renal 
collecting system, the more likely the chances 
of pathology [ 23 ,  25 ]. Vesicoureteral refl ux 
has been mentioned as a possible etiologic fac-
tor for prenatally diagnosed hydronephrosis 
and is reported to be present in approximately 
12 % of fetuses with ANH independent of the 
grade of hydronephrosis [ 23 ]. The diagnosis of 
refl ux cannot be achieved by prenatal ultrasound 
but requires postnatal evaluation by VCUG 
(Fig.  8.5 ). Suspicion of vesicoureteral refl ux can 
be raised if, while monitoring the bladder and 
kidneys, upper tract dilation is seen at the time 
of bladder contraction. This is a rather subtle 
and unreliable fi nding but has been described 
as a possible feature of prenatal vesicoureteral 
refl ux [ 26 ]. Concomitant presence of both an 
obstructive process, as well as refl ux, may also 
be present (Fig.  8.5 ).

     Evaluation of the renal cortex is also an impor-
tant factor in the survey of the genitourinary tract 
of the fetus. The echogenicity of the renal cortex 
should be similar to that of the fetal liver. 
Increased echogenicity of the renal parenchyma 
may be associated with renal maldevelopment 
otherwise known as renal dysplasia [ 27 ,  28 ]. 
Cystic renal disease of the kidney can also be 
identifi ed fairly early in gestation by an increase 
in the echogenicity of the renal cortex (Fig.  8.6 ). 
It would be important to differentiate between 
congenital cystic kidney disease which is bilat-
eral and with a genetic cause (autosomal versus 
dominant polycystic kidney disease ADPCKD 
versus ARPCKD) versus multicystic dysplastic 
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  Fig. 8.1    This fetal sonogram reveals mild, bilateral 
hydronephrosis, in the sagittal ( a ) and transverse planes 
( b ), measuring 5 mm in anterior-to-posterior dimensions, 
at 29 weeks gestation, with a normal, full fetal urinary 
bladder ( c ). After delivery, the appearance of the kidneys 
normalized, as is often the case. By 1 month of age, with 

a full urinary bladder ( d ), an 8 MHz curved probe reveals 
a normal appearance of the right kidney in the sagittal 
plane ( e ). Detail is even more apparent using a 12 MHz 
linear probe in the sagittal ( f ) and transverse ( g ) planes, 
with normal corticomedullary differentiation and no 
hydronephrosis         
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kidney (MCDK,) which is usually unilateral with 
no known genetic etiology. On fetal echography, 
ARPCKD displays striking features of bilateral, 
massively enlarged kidneys that are echogenic 
due to acoustic interfaces caused by the dilated 
tubules and cysts (Fig.  8.7 ). Features of multicys-
tic dysplastic kidney as diagnosed prenatally 
include multiple cysts of variable sizes, no evi-
dence of parenchyma or collecting system, and 
the possibility of contralateral compensatory 
hypertrophy (Fig.  8.8 ). The fi ndings of hyper-
echoic kidneys in the fetus require postnatal eval-
uation as it may indicate some intrinsic 
abnormality of the renal parenchyma, although 
the outcomes may be quite variable [ 29 ]. 
Confusion may also arise with extrarenal cystic 
lesions which may mimic renal anomalies. For 
example, adrenal hemorrhage may give the 
appearance of an upper pole cyst. Careful, pre-
cise scanning can generally differentiate the kid-
ney from the extrarenal lesion. Further diagnostic 
testing by MRI will provide additional anatomic 
detail (Fig.  8.9 ). Other abnormalities of the kid-
neys include anomalies of position and rotation 
as well as agenesis or hypoplasia, which are rare.

      Any abnormalities of the renal collecting sys-
tem and/or renal parenchyma should be commu-
nicated to the pediatrician who will then decide 
whether or not further postnatal evaluation is 
required. Early identifi cation of renal or blad-
der anomalies warrant prenatal counseling by 

a  pediatric urologist in order to ensure adequate 
postnatal evaluation and management. 

 Dilatation of the ureters may also be noted on 
prenatal ultrasound. If it is unilateral, the dilation 
is usually associated either with an obstructive 
process at the distal end of the ureter (ureterovesi-
cal junction obstruction or megaureter) or with 
refl ux. Unilateral dilatation of the renal collecting 
system and ureter does not usually warrant any 
further intervention during pregnancy but will 
require postnatal evaluation. Bilateral dilatation 
of the ureters, on the other hand, warrants careful 
evaluation of the bladder to look for intravesical 
obstruction. Other anomalies associated with 
bilateral dilatation of the renal collecting system 
and ureters include prune-belly syndrome as well 
as high-grade vesicoureteral refl ux. 

 Duplication anomalies of the kidneys can be 
identifi ed later in gestation when the renal paren-
chyma may be seen to have a band of tissue sepa-
rating the renal collecting system one or both 
showing some degree of dilatation (Fig.  8.10 ). 
Duplication anomalies diagnosed prenatally 
should raise the suspicion for vesicoureteral refl ux 
(usually to the lower pole), ureterocele, and ecto-
pic ureters and warrant postnatal evaluation.

   Absence of a one or both of the kidneys can be 
observed prenatally. It is important to ensure that 
the apparently absent kidney is not ectopic (usu-
ally in the lower abdomen or bony pelvis) before 
making a diagnosis of renal agenesis. Bilateral 
renal agenesis is rare and occurs in 1–4,800 to 1 in 
10,000 births [ 30 ]. Unilateral renal agenesis occurs 
in 1 in 1,100 births. There is usually a male pre-
dominance (75 %). There may be an autosomal 
recessive inheritance associated with this condi-
tion. Unilateral renal agenesis should be confi rmed 
postnatally. Bilateral renal agenesis is thought to 
be incompatible with survival of the fetus and is 
associated with gradual or sudden drop in amni-
otic fl uid leading to anhydramnios low or inexis-
tent levels of amniotic fl uid as the pregnancy 
progresses leading to fetal crowding and profound 
lung hypoplasia (Potter’s syndrome) [ 31 ]. 

 Renal and suprarenal masses will, occasion-
ally, may be identifi ed prenatally. These include 
mesoblastic nephroma which is a benign lesion 
of the kidney. Adrenal hemorrhage may be also 
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  Fig. 8.2    This sonogram of a 33-week male fetus demon-
strates a rather full but not thick-walled bladder ( a ) and 
moderate to severe right hydroureteronephrosis ( b  and  c ). 
Sonography at 4 weeks old confi rms the presence of mod-
erate to severe right hydroureteronephrosis ( d  and  e , 
 arrow  = right distal ureter), some evidence for right-sided 
renal cortical loss ( e ), and a normal-appearing left kidney 

( f ). VCUG on the same day proves that the dilatation is 
due to high-grade, right-sided refl ux ( g ) that drains well 
( h ), with no evidence for posterior urethra valves on void-
ing ( i ). Renal scintigraphy was performed at age 3 months, 
and this posterior view reveals evidence for diffuse corti-
cal loss on the right ( j )         
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identifi ed as a large hypo- or hyperechoic mass 
above the kidney (Fig.  8.9 ). Neuroblastoma can 
also be diagnosed prenatally typically in a supra-
renal position but can occasionally be seen in the 
abdomen or the retroperitoneum. 

 Postnatal evaluation is dictated by the prenatal 
fi ndings. No guidelines have been set up for post-
natal evaluation of patients diagnosed with 
hydronephrosis. However, currently it would be 
reasonable to suggest that any child whose AP 
diameter of the renal pelvis is <7 mm, probably 
does not require any follow-up postnatally. 
A postnatal ultrasound certainly is not an unrea-
sonable approach for patients with an AP diame-
ter of 8 mm or greater. The timing of the fi rst 

postnatal ultrasound is a matter of debate. An 
early evaluation (within the fi rst days of life) may 
allow for early identifi cation of those fetuses who 
may require follow-up. It is important to realize, 
however, that sonography during the fi rst 24 h of 
life may signifi cantly underestimate the degree of 
hydronephrosis because of physiologic oliguria, 
so most authorities recommend evaluation after 
the fi rst few days of life, or later, unless a serious 
abnormality, requiring urgent treatment, is sus-
pected. Evaluation for vesicoureteral refl ux or 
posterior urethral valves would be in the form of 
a voiding cystourethrogram (VCUG); for an 
obstructive process, a MAG 3 radioisotope study 
would be indicated.  
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   The Fetal Bladder 

 Evaluation of the bladder carried out during a 
fetal sonogram is an integral part of the fetal sur-
vey. The bladder is usually seen as a hypoechoic 
ovoid structure in the lower portion of the 

 abdomen extending from the fetal pelvis. It can 
be detected as early as 11–12 weeks of gestation 
as urine production begins [ 32 ]. Variability in 
the size of the bladder is explained by the rhyth-
mic fi lling and emptying of the fetal bladder. 
Incomplete fetal bladder emptying is usually the 

a
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  Fig. 8.3    At 21 weeks gestation, fetal sonography reveals 
moderate to severe left hydronephrosis, without hydroure-
ter, and a normal-appearing right kidney ( a ). At age 
4 weeks, postnatal renal sonography confi rms this suspi-
cion, and the degree of left hydronephrosis is even worse, 

with very little visible cortex, with a still normal-appear-
ing right kidney ( b  and  c ). Diuretic nuclear renography 
(not shown) demonstrates a clearly obstructive pattern of 
excretion, indicating that the fetal hydronephrosis was 
due to isolated ureteropelvic junction obstruction       
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  Fig. 8.4    This    fi gure demonstrates four different exam-
ples of fetuses with posterior urethral valves. The fi rst 
presents at 20 weeks gestation with anhydramnios, bilat-
eral hydronephrosis ( a ), a dilated, thick-walled urinary 
bladder ( b ,  arrow ), and dilated posterior urethra ( c , 
 arrow ). The second example is one of the diamniotic-
dichorionic twins ( d ,  e , and  f ), presenting at 26 weeks 
gestation, with bilateral hydronephrosis, perinephric uri-
nomas ( d ,  arrow ,  e ), and compression of the abnormally 
echogenic renal cortex by the urinoma ( f ,  arrow ). The 
third example is revealed by both sonography ( g ) and 
MRI ( h ), with oligohydramnios, a dilated urinary bladder, 
and dilated posterior urethra ( arrow ). Finally, the fourth 

example presents at 24 weeks with a dilated, thick-walled 
urinary bladder ( i  and  j ), asymmetric hydronephrosis ( k ), 
and a dilated posterior urethra by sonography ( l ,  arrow ). 
After delivery, a voiding cystourethrogram proves the 
presence of posterior urethra valves ( m ,  arrow ) and high-
grade, right-sided vesicoureteric refl ux, with multiple 
bladder diverticula ( n ). Postnatal sonography reveals dif-
fuse, right-sided renal cortical thinning, but no hydrone-
phrosis ( o ), while the left renal cortex is normal, but there 
is both hydronephrosis ( p  and  q ) and hydroureter. All but 
the fourth example died shortly after delivery as a result of 
pulmonary hypoplasia             
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Fig. 8.4 (continued)

  Fig. 8.5    On this 34-week fetal sonogram, we see moder-
ate right and mild left fetal hydronephrosis in the trans-
verse plane ( a ) and in the sagittal plane on the right ( b ). 
Postnatal sonography is fairly similar, with moderate right 
hydronephrosis, and very minimal residual pelviectasis 
on the left side ( c  and  d ). Voiding cystourethrography 
reveals bilateral, high-grade vesicoureteric refl ux ( e ) and 

delay in drainage of refl uxed contrast after voiding ( f ), 
suggesting the presence of a degree of concomitant, right-
sided ureteropelvic junction obstruction. It is important to 
note that the left-sided fetal hydronephrosis was minor, 
but the documented, left-sided refl ux was considerable on 
postnatal VCUG, indicating the poor sensitivity of sonog-
raphy for identifi cation of refl ux         
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  Fig. 8.6    This fetus was followed by sonography with a 
small, echogenic, dysplastic right kidney and a normal, 
compensatory hypertrophy of the left kidney. Sonography 
at 32 weeks shows the striking difference between the kid-
neys using a curved transducer ( a  and  b ) and linear probe 

views obtained on the same day show even greater detail 
( c  and  d ), with at least one discernible cortical cyst on the 
right. Findings are confi rmed after birth, at 1 month of age 
( e  and  f )         
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  Fig. 8.7    At 32 weeks gestation, this fetus was shown to 
have bilaterally enlarged kidneys, with a brightly echo-
genic renal cortex ( a ). The linear probe shows that the 
kidney is so large that it reaches well below the level of 

the aortic bifurcation ( b ). Additional views of the fetal left 
upper quadrant reveal a single, simple cyst in the fetal 
spleen ( c ,  arrow ). This fetus proved to have autosomal 
recessive polycystic kidney disease ( ARPKD )       
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norm. However, a persistently dilated bladder 
with a thickened wall may correlate with infra-
vesical obstruction. It is referred to as megacys-
tis and may be found in 1 out 1,831 pregnancies 
[ 33 ], although more than half resolve spontane-
ously [ 34 ]. While fetal bladder diameter will 
increase over time, it will always be less than 
10 % of the crown-rump length. In general 
patients with bladder diameter greater than 

17 mm in the fi rst trimester will be found to have 
some form of obstruction [ 35 ]. The cause of 
bladder outlet obstruction in the male is usually 
posterior urethral valves which should be con-
fi rmed by postnatal evaluation using a VCUG. 
Very rarely will urethral atresia or anterior ure-
thral cause bladder outlet in males. The diagno-
sis of posterior urethral valves should be 
considered if there is decreased amniotic fl uid 

  Fig. 8.8    Fetal sonography at 32 weeks gestation reveals a 
large conglomerate of cysts in the right renal fossa and a 
normal-appearing left fetal kidney, using a curved probe 
( a  and  b ). With a high-resolution linear probe, further 
detail is revealed ( c ). This is the classic appearance of a 
multicystic dysplastic kidney. Sonography was performed 
6 weeks after delivery, revealing the expected compensa-
tory hypertrophy of the left kidney ( d ) and some interval 

involution in the cysts on the right side, as is typical ( e ). In 
a different fetus at 25 weeks gestation, we see another 
minor variation in the fetal appearance of multicystic dys-
plastic kidneys. This kidney is even larger than the fi rst 
example, with some visible intervening echogenic, dys-
plastic renal parenchyma, and multiple scattered cysts ( f ). 
By 2 months of age, there had been considerable interval 
involution of this nonfunctioning dysplastic kidney ( g )         
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volume (oligohydramnios) or if there is signifi -
cant dilation of the bladder, both ureters and 
upper urinary tract. The prostatic urethra may 
also appear dilated assuming the shape of a key-
hole (Fig.  8.4 ). In the female, bladder outlet 
obstruction is exceedingly rare and is usually 
seen in cases of prolapsing ureterocele where the 
ureterocele will ball valve down into the urethra 
and may cause intermittent bladder outlet 
obstruction. 

 Another identifi able lesion in the bladder is a 
ureterocele which represents cystic dilation of 
the distal ureter within the bladder lumen 
(Fig.  8.10 ). Ureteroceles may be associated with 
duplication of the kidney and, if so, are virtually 
always associated with the upper pole. When ure-
teroceles occur in association with the upper pole 

of a duplex kidney, there may be also dilation of 
one or both ureters, more commonly the upper 
pole ureter which may, itself, be quite dilated up 
to the renal collecting system. The upper pole of 
the kidney may vary in size and may show evi-
dence of hyperechogenicity indicative of dyspla-
sia. Ureteroceles tend to vary in size and 
appearance and are best imaged prenatally when 
the fetal bladder is partially full. This congenital 
lesion may be associated with vesicoureteral 
refl ux classically to the lower pole moiety of the 
duplex kidney. 

 Anomalies of the bladder such as exstrophy 
may also be diagnosed prenatally although the 
diagnosis is not always unequivocal (Fig.  8.11 ) 
[ 36 ,  37 ]. Lack of visualization of the bladder, 
despite repeated attempts with protrusion of the 
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  Fig. 8.9    This    fetus was referred at 19 weeks gestation 
with the working diagnosis of left upper pole renal cysts. 
However, upon our assessment, it was clear that the kid-
ney and the cystic conglomerate moved separately from 
one another on real-time sonography ( arrow ), suggesting 
that this was a cystic adrenal mass, likely evolving hemor-
rhage ( a ). On postnatal sonography, this had resolved 
entirely by 6 weeks of age ( b ). In another pregnancy, also 
at 19 weeks gestation, similar, bilateral cystic adrenal 

masses were also observed ( arrow ,  c  and  d ). It is interest-
ing to note that this patient had also been referred with the 
erroneous diagnosis of upper pole renal cysts. Single-shot 
FSE T2 images in the coronal ( e ,  arrow ) and sagittal ( f ) 
planes reveal complex, bilateral adrenal masses with both 
T2 bright and T2 dark material, suggesting the presence 
of hemorrhage. This is proved on the axial gradient echo 
sequence, with marking, the so-called blooming artifact 
of Fe products ( arrow ,  g )         
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  Fig. 8.10    At 33 weeks gestation, this fetal sonogram 
reveals a duplex left kidney, with both upper and lower 
pole hydronephrosis ( a ), as well as upper pole hydroureter 
( b ,  arrow ). A 12 MHz linear probe can be used to obtain 
additional detail in this fetus as the mother is slender, so 
less depth of penetration is required ( c ), showing dispro-
portionate distention of the upper pole pelvis ( arrow ). 
With careful attention to the moderately full fetal bladder, 
a ureterocele is visible ( d ,  arrow ). After delivery, initial 

evaluation with sonography ( e ,  f ,  g ) and voiding cystoure-
thrography ( h ) confi rms the presence of a duplex kidney 
with disproportionate upper pole hydroureteronephrosis 
( e ,  f ,  g ,  arrow ), associated with an obstructed ureterocele 
( h ,  arrow ), but no vesicoureteric refl ux. Scintigraphy was 
performed at 2 months, and posterior views of the left ( i ) 
and right kidneys ( j ) reveal clearly diminished function of 
the left upper pole cortex           
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lower abdominal wall may be consistent with 
bladder exstrophy and warrant require further 
evaluation and monitoring in addition to prenatal 
counseling. It is important to distinguish bladder 
exstrophy from the more extensive anomaly of 
cloacal exstrophy, which is associated with pro-
trusion of bowel beyond the anterior abdominal 
wall, anomalies of renal number and position, as 
well as complex vertebral and spinal cord abnor-
malities. More rare abnormalities such as genito-
urinary sinus and the cloacal malformation may 
also be suspected prenatally, typically due to the 
presence of a fl uid-fi lled pelvic structure in a 
female fetus representing a distended vagina 
which may extend into the abdomen.

      Fetal Imaging of the Genitalia 

 Assessment by prenatal ultrasound has been used 
primarily to determine fetal gender for expectant 
parents and their families should they wish to 
know the sex of the child [ 38 ]. Gender assignment 
had signifi cant clinical implication for fetuses at 
risks of either x-linked disease or gender- specifi c 
conditions such as posterior urethral valves. 
Abnormal genital fi ndings may occur as isolated 
events or can be associated with other syndromes 
[ 39 ,  40 ]. Fetal gender assignment and antenatal 

diagnosis of genital anomalies may be provided to 
the parents and should be part of prenatal counsel-
ing. Care should be given to ensure that the par-
ents understand that the radiologic fi ndings are 
not always accurate and that the diagnosis may 
remain elusive until the child is born. A recent 
study showed no advantage of multiplanar 
3-dimensional ultrasonography in predicting fetal 
sex but may provide better measurement of the 
genitalia [ 41 ]. However, the prenatal fi ndings may 
provide important information for postnatal man-
agement. Late in gestation the diagnosis of hypo-
spadias can be made. Features include ventral 
curvature, shortening of the penis, and occasion-
ally an unusual relationship between the penis and 
scrotum (penoscrotal transposition) (Fig.  8.12 ). 
However, this fi nding should have no signifi cance 
with regard to the prenatal management of the 
fetus. Megalourethra can also be diagnosed in the 
later part of gestation as seen with a marked dila-
tion of the penile urethra. In general, bladder and 
renal anomalies are seen concomitantly. Other 
abnormalities involving the genitalia have also 
been reported. Scrotal anomalies can also be seen 
such as hydroceles, but these should have no 
impact on the fetus’s health.

   Patients with a family history of congenital adre-
nal hyperplasia should have a careful evaluation 
looking for the presence of ambiguous genitalia. 
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  Fig. 8.11    At    21 weeks gestation, this fetus has normal 
appearing kidneys on sonography in the transverse plane 
( a ), but no visible urinary bladder ( b ). We know that we 
are in the region of the bladder because both umbilical 
arteries are documented with color Doppler. The umbilical 
cord inserts in an unusually low position, and there is a 
subtle bulge seen just inferior to the cord in the sagittal ( c , 
 arrow ) and transverse planes ( d ). The iliac wings  project in 

a so-called open book confi guration ( arrow ,  e ), and the 
spinal cord and vertebrae are normal in appearance ( f ). All 
features suggest a diagnosis of classic bladder exstrophy. 
This is also apparent by fetal MRI, with sagittal ( g ) and 
transverse ( h ) T2 images, also showing the low anterior 
abdominal wall bulge and the contour of the scrotum ( h , 
 arrow ). The low anterior abdominal wall bulge is also vis-
ible on this axial FIESTA sequence ( arrow ,  i )         
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Should the diagnosis be confi rmed, prenatal treat-
ment with corticosteroids may be considered [ 42 ].  

   MRI Evaluation of the Fetus 

 While ultrasonography remains the mainstay of 
fetal imaging, MRI has also been a helpful 
adjunct to the evaluation of fetuses with complex 
genitourinary anomalies when the fi ndings on 
ultrasound do not provide satisfactory informa-
tion or if technical factors such as oligohydram-
nios, unfavorable fetal position, or maternal body 
habitus [ 43 ]. MRI has been shown to be safe in 

the fetus [ 44 ]. Widespread use of MRI has not 
been encouraged given the complexity and cost 
of the modality. However, in patients with com-
plex anomalies such as the cloacal malformation 
or urogenital anomalies, MRI may help further 
delineate precise fetal anatomy [ 45 ] (Fig.  8.13 ).

      Prenatal Intervention and Postnatal 
Evaluation 

 While fetal imaging has provided an insight into 
possible fetal pathology, ultrasound of the fetus 
is limited by (1) variability in maternal body 
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 habitus, (2) variability in the timing of presenta-
tion, and (3) variability in the experience of the 
ultrasound operator. In addition, variability in 
the technology may also be a confounding fac-
tor. Finally, there is a lack of consistency in fol-
low- up and management protocols for patients 
who are diagnosed with conditions such as 
hydronephrosis [ 6 ]. Use of prophylactic antibi-
otics has not been studied well enough to justify 
use in all patients. Lack of communication 
between subspecialties with the obstetricians 
carrying out the evaluation, the pediatrician hav-
ing to deal with the patient postnatally, and 
fi nally the subspecialists being called in after the 
child is born may lead to inconsistent patient 
follow-up. 

 Important prenatal predictors of signifi cant 
pathology include the amniotic fl uid volume 
which, as mentioned above, is an indirect indica-
tor of renal function, the severity of the dilatation 
of the renal collecting system and ureters, the 
appearance of the renal cortex, and the possible 

association with other abnormalities of the 
 urinary tract such as bladder outlet obstruction or 
abnormalities of the spine such as spina bifi da. 
The indisputable advantage of fetal imaging for 
the urinary tract is the opportunity to provide par-
ents with counseling and to map out the postnatal 
evaluation of the child who is diagnosed with any 
genitourinary anomaly. Once it has been deter-
mined that postnatal evaluation is warranted, 
follow-up should at the least include a renal and 
bladder ultrasound. Timing of the initial postna-
tal ultrasound depends on the severity of the 
lesion(s) noted prenatally. In general, a delay of 
24–48 h for the fi rst ultrasound may minimize the 
rate of false negative scans except in cases of 
severe bilateral hydronephrosis [ 46 ]. Subsequent 
radiologic evaluation should be tailored to the 
fi ndings of the postnatal ultrasound. 

 In very select cases, prenatal intervention can 
be offered. Since 1984, when Harrison proposed 
the fi rst surgical intervention to alleviate bladder 
outlet obstruction, several studies have docu-
mented the feasibility of treating prenatally diag-
nosed uropathy but have also demonstrated the 
diffi culties in ascertaining an accurate diagnosis 
[ 47 – 49 ]. The rationale for fetal intervention in 
urology includes preservation of renal function 
and preservation of pulmonary function [ 50 ,  51 ]. 
Preservation of renal function can be achieved by 
relieving the obstructive process that may lead to 
renal maldevelopment (dysplasia). In turn, with 
alleviation of the obstructive process, normal 
amniotic fl uid production is restored, promoting 
normal development of both the kidneys and 
lungs, which require adequate amniotic fl uid for 
normal maturation [ 52 ]. 

 Options for prenatal intervention include open 
fetal surgery, early delivery, and elective termina-
tion [ 53 ]. Several options for fetal surgical 
 intervention have been investigated: vesicoamni-
otic shunting, vesicocentesis, and renal pelvis 
aspiration as well as restoration of amniotic fl uid 
[ 54 ]. To date, antenatal intervention is and should 
only be carried out in specialized centers. It is 
reserved for patients felt to have severe bladder 
outlet obstruction. Unfortunately, studies that 
have followed these children have not shown a 
signifi cant improvement in survival or in preser-
vation of renal function [ 49 ]. Furthermore, fetal 

  Fig. 8.12    This fetal sonogram was performed at 
29 weeks gestation and reveals penoscrotal transposition 
in a confi rmed XY male, with the phallus ( black arrow ) 
positioned inferior and posterior to the labioscrotal folds 
( white arrow )       
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intervention has been associated with signifi cant 
maternal and fetal risks [ 55 ,  56 ].  

   Conclusion 

 Prenatal imaging of the genitourinary tract has 
opened a new diagnostic window. Improved 
technology in ultrasonography and MRI pro-
vide two- and three-dimensional views which 
may help clinicians diagnose and manage a 

variety of congenital lesions involving the kid-
neys, ureters, bladder, and genitalia. Most of 
the more severe conditions will be treated 
after delivery of the child. Prenatal counseling 
will help expectant parents prepare for the 
postnatal evaluation. Prenatal intervention 
remains experimental. Whether prenatal diag-
nosis has improved postnatal long-term out-
comes remains to be determined.     

  Fig. 8.13    This female fetus presented to care with mas-
sive ascites at 30 weeks gestation on sonography. On this 
axial view of the fetal abdomen, amniotic fl uid ( AF ) is 
seen around the margins of the fl uid-fi lled abdomen, with 
visualization of the falciform ligament within the ascites 
( a ). On a coronal view ( b ), ascites surrounds bowel and a 
fl uid-fi lled bladder ( B ) is seen. On an axial view of the 
pelvis ( c ), two ovoid structures were identifi ed ( arrow ). 
MRI was performed for further evaluation on the same 
day. Serial coronal views ( d  and  e ) and serial sagittal 
views ( f ,  g , and  h ) document the ascites and hydronephro-
sis. They also prove that the paired ovoid structures seen 

on sonography represent dilated, fl uid- fi lled hemivaginas 
( arrows ), in contiguity with small, decompressed 
hemiuteri in a patient with the cloacal malformation. 
A cloacagram performed at age 3 months by opacifying 
the common cloaca in a retrograde manner, prior to surgi-
cal correction ( j ), fi lls both the paired hemivaginas with 
contrast ( open arrow ) as well as the distal rectum ( closed 
arrow ), that is in direct communication with the distal 
vaginas at the point of the common cloaca. The correla-
tion with coronal views obtained on MRI at 30 weeks ges-
tation ( j  and  k ,  open arrow  = hemivaginas,  closed 
arrow  = distal rectum) is striking             
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          Introduction 

 Congenital anomalies of the kidney and urinary 
tract (CAKUT) account for up to 30 % of all 
congenital anomalies diagnosed [ 1 ]. These 
anomalies are often prenatal diagnoses by 
screening prenatal ultrasound, but can present in 
childhood or adolescence with a urinary tract 
infection (UTI) and less commonly with pain. 
CAKUT diseases are responsible for around 
50 % of end-stage renal disease (ESRD) in chil-
dren in North America [ 2 ]. In this chapter we 
will discuss the relevant embryology, the scope 
of congenital anomalies of the kidney and uri-
nary tract (CAKUT), the approach to prenatal 
diagnosis and imaging of fetuses with CAKUT, 
and the approach to postnatal diagnosis and 
imaging of children with CAKUT. More time 
will be allotted to the more common congenital 
anomalies.  

   Embryology of Normal Kidney 
and Bladder Development 

 To help understand congenital anomalies of the 
kidney and urinary tract, an understanding of 
embryologic development is needed. 

   Kidney Development 

 In humans, three kidneys develop in the course of 
gestation with the fi rst two regressing in utero 
and the third becoming the defi nitive kidney. All 
of the three kidneys develop from the intermedi-
ate mesoderm. The fi rst kidney, the pronephros, 
develops near the beginning of the fourth week of 
gestation and is a nonfunctional system com-
posed of 5–7 paired segments located in the 
region of the future head and neck. The proneph-
ros develops cranial to caudal and degenerates by 
the end of the fourth week of gestation. 

 The mesonephros is the next rudimentary kid-
ney that develops in the fi fth week of  development. 
It also develops cranial to caudal and is composed 
of 40–42 pairs of tubules. The mesonephros does 
produce a small amount of urine starting around 
10 weeks of gestation, and the mesonephric duct 
contributes to development of the bladder and 
male genital ducts. By the end of 12 weeks of ges-
tation, most of the mesonephros has degenerated 
except for the mesonephric duct, which in males 
develops into the vas deferens, seminal vesicles, 
epididymis, and ejaculatory ducts, and some cra-
nial tubules that develop into the efferent ductules 
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of the testis. In females, the cranial and caudal 
portions of the mesonephric duct form the vesti-
gial structures epoophoron and paroophoron. Parts 
of the mesonephric duct form the ureter and part 
of the bladder as discussed in the next section. 

 The fi nal stage in kidney development involves 
development of the metanephros which begins 
around 5–6 weeks of gestation. The metaneph-
ros is composed of the metanephric mesenchyme 
derived from the intermediate mesoderm in the 
pelvis and the ureteric bud derived from the distal 
part of the mesonephric duct. Complex interac-
tions between the metanephric mesenchyme and 
the ureteric bud induce nephron development in 
the metanephric mesenchyme and collecting duct 
development from ureteric bud branching [ 1 ]. The 
metanephric mesenchyme develops into the glom-
eruli, proximal tubules, loops of Henle, and distal 
tubules, while the ureteric bud branching develops 
into the collecting ducts, calyces, renal pelvis, and 
ureters. The developing kidney migrates from the 
pelvis to its fi nal position in the lumbar region by 
the eighth week and begins making urine by the 
ninth week. During renal ascent, the kidney rotates 
so the pelvis, which starts oriented anteriorly, 
is medially oriented when it completes ascent. 
Kidney maturation continues after birth in humans, 
but nephron formation is complete in utero.  

   Ureter and Bladder Development 

 Around the fi fth week of gestation, the mesoneph-
ric duct that gives rise to the ureteric bud elongates 
and dilates and fuses with the endoderm- lined clo-
aca. After the mesonephric duct fuses with the clo-
aca, the urogenital septum divides the cloaca into 
the urogenital sinus and the anorectal canal with 
the mesonephric duct fused with the urogenital 
sinus. The urogenital sinus develops into the blad-
der and urethra in both sexes. Part of the meso-
nephric duct that fused with the urogenital sinus is 
incorporated in a caudal to cranio-lateral direction. 
The bladder trigone forms from the fusion and 
incorporation of the mesonephric ducts. The loca-
tion of the ureteral orifi ce in the bladder is related 
to the location of the ureteric bud on the meso-
nephric duct; the more caudal the ureteric bud on 
the mesonephric duct, the more cranial and lateral 
the ureteral orifi ce is in the bladder [ 3 ]. 

 The ureter develops from the non-branching 
part of the ureteric bud closest to the mesoneph-
ric duct. The ureter is a simple cuboidal epithelial- 
lined tube with a lumen by 4 weeks of gestation. 
It is thought that the lumen of the ureter closes 
briefl y and then reopens by week 7 when urine 
production ensues. The ureter attains its mature 
transitional epithelium by 14 weeks, and muscle 
fi bers are seen by 12 weeks. 

 The bladder is composed of two parts that arise 
from different structures embryologically, the tri-
gone and the bladder body. The trigone is derived 
from the incorporation and fusion of the distal part 
of the mesonephric duct into the urogenital sinus. 
The bladder body is formed from the endoderm-
lined urogenital sinus and the surrounding mesen-
chyme. The bladder apex is the urachus which 
connects to the allantois. The urachus degenerates 
by week 12 of gestation into the median umbilical 
ligament. Similar to the ureter, the bladder has 
primitive cuboidal epithelium around week 7 and 
transitional-appearing epithelium by 14 weeks. 
The bladder wall muscle also develops during this 
time and may be dependent upon fetal urine pro-
duction for a change from a low-compliance sys-
tem to a high-compliance system [ 4 ].   

   Normal Kidney and Collecting 
System Anatomy 

   Normal Kidney Anatomy 

 The mature kidney is located in the retroperito-
neum, anterior to the psoas muscle, with the 
upper pole at T12 to L1 spinal column level and 
lower pole at L3 level. The left kidney is slightly 
higher than the right kidney usually. Adult kid-
neys are around 10–12 cm cranial to caudal, 
5–7 cm wide, and 3–4 cm anterior to posterior. 

 The kidney is divided into the cortex and 
medulla. The medulla is made up of pyramid- 
shaped areas called medullary pyramids. The cortex 
contains glomeruli and nephron tubules, while the 
medullary pyramids contain the collecting ducts. 
The collecting ducts drain urine into the renal calyx 
in areas called renal papilla. The calyceal system 
generally contains 7–9 renal papilla, but can range 
from 4 to 18 [ 5 ]. The upper pole of the kidney gen-
erally contained 3–4 calyces, the middle pole 1–2, 
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and the lower pole 3–4 calyces. Compound calyces 
occur when 2 renal papilla fuse, which tends to 
occur more frequently in the upper and lower poles. 
Each minor calyx narrows to an infundibulum and 
then combines with 2–3 other infundibulum to form 
the major calyces, of which there are generally 2–3 
(Fig.  9.1 ). The major calyces drain into the renal 
pelvis which can vary in size from small and nondi-
lated intrarenal pelvis to a large, dilated extrarenal 
pelvis. There is a wide range of normal confi gura-
tions for the renal pelvicalyceal collecting system. 
The number and size of the minor and major caly-
ces can vary, the renal pelvis can be bifi d, and the 
collecting system may be completely bifi d with two 
separate ureters draining into the bladder.

   Renal vasculature is highly variable with up to 
40 % of kidneys not having the classic renal blood 
supply with one renal vein and one renal artery. 
The renal artery branches into 4–5 segmental arter-
ies which are end arteries supplying a distinct area 
of the kidney with no collateral arterial blood fl ow. 
The segmental arteries branch into lobar arteries 
which branch into the interlobar arteries which 
give rise to the arcuate arteries. The arcuate arteries 
run along the corticomedullary junction and branch 
into the interlobular arteries which give rise to the 
afferent arterioles that supply the glomerulus. 
From the glomerulus, the efferent arterioles give 
rise to the vasa recta. The venous drainage parallels 
the arterial supply with the major difference that 
there is collateral venous drainage. The main renal 
vein is generally anterior to the renal artery.  

   Normal Kidney Imaging 

 Antenatally and early in life, the kidneys show 
corticomedullary differentiation on renal ultra-
sound which can be confused with hydronephro-
sis of the calyces (Fig.  9.2 ). In addition, fetal 
lobulation of the kidney is seen at birth and gen-
erally disappears by 1 year of age but may persist 
(Fig.  9.3 ). Generally, the pelvicalyceal anatomy 
is not seen well on ultrasound unless there is 
 signifi cant hydronephrosis (Fig.  9.4 ). A normal 
kidney on ultrasound is slightly less echogenic 
than the liver with the difference in echogenicity 
generally increasing with age (Fig.  9.5 ).

      The normal kidney on the noncontrast phase of 
a CT scan should have a radiodensity measured in 
Hounsfi eld units of around 30. The renal cortex, 
medulla, and calyces are generally not distinguish-
able on a noncontrast phase. After infusion of 
intravenous contrast, the cortex is able to be distin-
guished from the medulla on an early nephrogram 
phase. On a later nephrogram phase, the cortex and 
medulla may be less distinguishable, and the con-
trast enhancement should be symmetric between 
the two kidneys. On the excretory phase, the renal 
calyces should be crisp and not dilated (Fig.  9.6 ).

   In a normal kidney imaged by T1-weighted 
MRI, the cortex has a higher signal intensity than 
the medulla and therefore appears brighter than 
the medulla allowing the cortex and medulla to be 
differentiated (Fig.  9.7 ). On T2-weighted MRI, the 
medulla has a higher signal intensity and appears 

  Fig. 9.1     Left image : Intravenous pyelogram demonstrat-
ing normal confi guration of a left kidney with upper-pole 
( white arrows ), mid-pole ( red arrows ), and lower-pole 

( blue arrows ) calyces.  Right image : MR urogram of nor-
mal kidneys with distinguishable upper, mid, and lower 
poles       
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brighter than the cortex. In addition, the collecting 
system has a higher signal intensity on T2-weighted 
MRI and can be somewhat visualized. Visualization 
of the collecting system and vascular supply can 
be improved with the addition of intravenous con-
trast such as gadolinium (Fig.  9.7 ).

   The normal kidneys on radionuclide scans 
should uptake radiotracer symmetrically and 
homogeneously throughout the kidneys (Fig.  9.8 ). 

In the case of a MAG3 renal scan, the radiotracer 
should begin excretion into the collecting system 
within 10 min and should wash out promptly if 
furosemide is given. A time for half of the radio-
tracer to wash out (T ½) under 10–15 min is con-
sidered unobstructed. The differential function on 
a MAG3 renal scan is determined by the amount 
of radiotracer taken up by the kidneys within the 
fi rst 2–3 min after radiotracer infusion.

  Fig. 9.2    Ultrasound of the left kidney in a 1-week-old 
infant demonstrating corticomedullary differentiation. 
The hypoechoic areas are the renal pyramids (one pyra-
mid identifi ed by  white arrows )       

  Fig. 9.3    Renal ultrasound of the right kidney in a 1-year-
old demonstrating fetal lobulations ( left images ) with the 
renal contour highlighted in the lower image. CT scan 

with IV contrast in a 10-year-old demonstrating persis-
tence of fetal lobulations into childhood ( right )       

  Fig. 9.4    Normal renal ultrasound of the left kidney in a 
1-year-old demonstrating inability to discern pelvicaly-
ceal anatomy ( asterisk  denote renal polar length)       
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      Normal Ureter Anatomy 

 The renal pelvis drains to the ureter whose origin 
is normally posterior to the renal artery. The ure-
ter courses caudally and anterior to the psoas 
muscle toward the pelvis. The ureter crosses the 
iliac vessels close to its bifurcation. Once in the 
pelvis, the ureter passes posteroinferiorly along 
the lateral walls of the pelvis and then courses 

anteromedially to come into contact with the 
bladder. The ureter travels 2–3 cm within the 
bladder wall before the ureteral orifi ce. There are 
three points of anatomical narrowing in the ureter 
that are common sites of ureteral nephrolithiasis: 
the ureteropelvic junction, the iliac vessels, and 
the ureterovesical junction. The normal ureter 
size in adults is 1.8 mm (SD 0.9 mm) with 96 % 
of ureters less than 3 mm [ 6 ]. The blood supply 

  Fig. 9.5    Normal renal ultrasound of the right kidney in a 
1-year-old demonstrating normal echogenicity compared 
to the liver ( left ). Normal renal ultrasound of the right 

 kidney in a 10-year-old demonstrating that difference in 
echogenicity generally becomes more pronounced ( right )       

  Fig. 9.6    Axial CT scan of the kidneys with intravenous 
contrast. The  upper left image  shows an early nephrogram 
phase, note how the medulla of the kidney has yet to fully 
enhance with contrast and is distinguishable from the 
 cortex ( arrow ). The  upper right image  shows a later 

nephrogram phase of the same patient at another time 
where the contrast has now reached the medulla. The 
 lower image  shows the excretory or urogram phase with 
contrast easily visible within the renal collecting systems 
( arrow )       
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of the upper ureter comes medially from the 
aorta, and the blood supply of the lower ureter 
comes laterally from the iliac vessels.  

   Normal Ureter Imaging 

 Most ureters are not able to be visualized their 
entire length by ultrasonography unless there is 
hydroureter. Normal ureters can be visualized on 
CT and MRI, and their visualization is enhanced on 
the delayed excretory phase of a contrast- enhanced 

study (Fig.  9.9 ). A retrograde pyelogram can also 
be used to study the ureters but requires cystoscopy 
and anesthesia (Fig.  9.10 ).

       Normal Bladder Anatomy 

 The bladder is a retroperitoneal pelvic organ. The 
superior surface is covered with peritoneum, and 
the urachus attaches the bladder to the anterior 
abdominal wall. When full, the bladder is an 
ovoid shape.  

  Fig. 9.7    MRI of a 4-year-old with solitary left kidney. 
 Upper left image  is a T1-weighted MRI image, note the 
cortex has a higher signal intensity than the medulla 
( arrow ). On the T2-weighted MRI image in the  upper 
right , the medulla ( arrow ) has a higher signal intensity 
than the cortex, and the collecting system is somewhat dis-

cernable. The  lower left image  is a three-dimensional 
reconstruction of an arterial phase demonstrating MR 
angiography; the arrow denotes the renal artery. The  lower 
right image  is a three-dimensional reconstruction of the 
excretory phase after addition of intravenous contrast dem-
onstrating the collecting pelvicalyceal collecting system       
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  Fig. 9.8    Normal DMSA scan of a 4 year old female with 
vesicoureteral refl ux. The kidneys uptake the radiotracer 
symmetrically and homogeneously on the posterior 

images ( upper images ). Posterior oblique images ( lower 
images ) give an asymmetrical appearance       

  Fig. 9.9    Normal ureters on 
excretory phase of MRI ( left 
image ). It is normal for the 
entire ureter not to be 
visualized on the excretory 
phase as some parts of the 
ureter may be undergoing 
peristalsis. The  right image  
shows a normal left kidney 
and a right kidney with 
hydronephrosis and thin 
parenchyma on excretory 
phase of MRI       
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   Normal Bladder Imaging 

 The bladder can be visualized by ultrasound, and 
the volume of urine can be estimated. The normal 
bladder wall thickness in adults is around 3 mm 
[ 7 ]. In school-age children, the normal bladder 
wall thickness is 1–2 mm [ 8 ]. Another study 
found that the normal bladder wall thickness for 

all ages of children from newborn to teenager 
was around 2 mm [ 9 ]. A VCUG can demonstrate 
the size of a bladder as well as its contour. The 
bladder contour should be smooth and ovoid 
shaped without trabeculations and diverticulum 
(Fig.  9.11 ).

       Congenital Anomalies of the Kidney 
and Urinary Tract 

 CAKUT represents a wide variety of malforma-
tions and disorders that result from abnormal 
development of the kidney and collecting system. 
They can be divided in to three major categories:
    1.    Anomalies of renal parenchyma development   
   2.    Anomalies of embryonic renal migration and 

fusion   
   3.    Anomalies of collecting system development     

   Anomalies of Renal Parenchyma 
Development 

 Anomalies of renal parenchyma development 
result in renal dysplasia. Renal dysplasia is 

  Fig. 9.10    Normal right ureter 
on retrograde pyelogram in a 
10-year-old ( left image ). Left 
kidney with UPJ obstruction 
in a 1-year-old ( right image ), 
the ureter has evidence of fetal 
folds which are a normal 
variant in young children       

  Fig. 9.11    Normal appearance of the bladder on VCUG 
with no trabeculations and a smooth,  ovoid shape        
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 characterized by abnormal nephron and collect-
ing system development that leads to malformed 
kidney tissue with pathologic fi ndings such as 
primitive- appearing tubules, fi brosis or scarring, 
and metaplastic tissue such as cartilage being 
present. This process can lead to several different 
clinical diagnoses such as renal hypoplasia, renal 
dysplasia or hypodysplasia, multicystic dysplas-
tic kidney, polycystic kidney disease, or renal 
agenesis. The genes associated with renal dyspla-
sia are often genes expressed during kidney 
development [ 10 ]. Exposure to angiotensin con-
verting enzyme inhibitors in utero has been asso-
ciated with renal dysplasia and is an example of 
an environmental exposure associated with renal 
dysplasia [ 11 ]. 

   Renal Hypoplasia 
 Renal hypoplasia is a rare entity that results 
in congenitally small kidneys with normal 
architecture but reduced number of nephrons. 
Renal hypoplasia may be unilateral with con-
tralateral compensatory hypertrophy. Bilateral 
renal hypodysplasia can be part of genetic syn-
dromes such as branchio-oto-renal syndrome 
and renal- coloboma syndrome [ 12 ,  13 ]. When 
bilateral, renal hypoplasia often results in end-
stage renal disease (ESRD) with pathology 
consistent with focal  segmental glomerular 
sclerosis and interstitial fi brosis  presumably 

from hyperfi ltration injury of the reduced num-
ber of nephrons [ 14 ]. 

 The diagnosis of renal hypoplasia is a clini-
cal diagnosis when an imaging study, typically 
renal ultrasonography, demonstrates a kidney 
smaller than 2 standard deviations of the mean 
kidney size by age (Fig.  9.12 ) [ 15 ]. Absence of 
renal scarring on a 99mTc-dimercaptosuccinic 
acid (DMSA) radionuclide scan is expected 
(Fig.  9.13 ).

  Fig. 9.12    Renal ultrasound of a 13-year-old with right renal hypoplasia. The right kidney ( left image ) is 2 standard 
deviations smaller than the mean size for age, and the left kidney demonstrates compensatory hypertrophy       

  Fig. 9.13    DMSA radionuclide renal scan of a 13-year- old 
from Fig.  9.12  with right renal hypoplasia with absence of 
renal scarring. The right kidney contributes 30 % of over-
all renal function       
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       Renal Dysplasia 
 Renal dysplasia is more common than renal hypo-
plasia and is characterized by a kidney that is often 
smaller than normal depending on the size of asso-
ciated cysts. Renal dysplasia occurs in about 3 of 
every 1,000 births and can be bilateral or unilateral 
with males affected 30–90 % more frequently than 
females [ 16 ]. Collecting system anomalies such as 
VUR, megaureter, ureteral atresia, and duplicated 
ureters occur at an increased incidence in kidneys 
with dysplasia [ 17 – 19 ]. Therefore, a voiding cys-
tourethrogram (VCUG) is often obtained along 
with a renal ultrasound. As with renal hypoplasia, 
unilateral renal dysplasia is often associated with 
contralateral renal hypertrophy, and bilateral renal 
dysplasia is often associated with ESRD. 

 In children, ultrasonography is often the fi rst 
imaging modality to evaluate renal dysplasia. 
Cystic areas, echogenic renal parenchyma, small 

kidneys, and hydronephrosis with thin renal 
parenchyma are examples of ultrasound fi ndings 
with dysplasia but fi ndings can be quite variable 
(Fig.  9.14 ). Findings on CT scan for renal dyspla-
sia can also be quite variable (Fig.  9.15 ). A static 
renal scan such as a DMSA scan will show heter-
ogenous, decreased uptake of radionuclide and 
possibly a small kidney representing poor renal 
function compared to a normal contralateral kid-
ney (Fig.  9.16 ). As stated above, a VCUG is often 
obtained to evaluate for VUR which is often asso-
ciated with renal dysplasia.

        Multicystic Dysplastic Kidney 
 A multicystic dysplastic kidney (MCDK) is a very 
severe form of renal dysplasia characterized by a 
kidney that is non-reniform in shape, composed of 
noncommunicating cysts, lacking functional renal 
tissue, and has an absent or atretic ureter [ 20 ]. Most 

  Fig. 9.14    Renal dysplasia can have many different 
appearances on renal ultrasound. An 8-day-old with areas 
of cystic renal dysplasia ( Top left ). A 4-year-old with 
echogenic renal cortex and hydronephrosis ( Top right ). 

A 2-year-old with renal hypodysplasia with cystic areas 
( bottom left ). A 6-month-old with thin renal parenchyma 
and hydronephrosis ( bottom right )       
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cases of MCDK are detected antenatally by ultra-
sound and are found between 0.3 and 1 in 1,000 live 
births [ 21 ]. As with other forms of renal dysplasia, 
if the contralateral kidney is normal, it often shows 
compensatory hypertrophy. Children with unilat-
eral MCDK have a low risk of any signifi cant 
sequelae such as hypertension, proteinuria, signifi -
cant renal impairment, or contralateral abnormali-
ties such as VUR or ureteropelvic junction 
obstruction (UPJO) that require surgical correction 
[ 22 ,  23 ]. Historical concerns about an increased risk 

of malignancy in children with unilateral MCDK 
are not supported by current literature [ 24 ,  25 ]. 

 On ultrasound, a MCDK generally appears as 
a collection of noncommunicating cystic struc-
tures of variable size. MCDK can be quite large 
in neonates and may even be palpable, but the 
majority of children with unilateral MCDK show 
involution of the MCDK over the fi rst few years 
of childhood (Fig.  9.17 ). Cross-sectional imaging 
with CT scan will demonstrate similar fi ndings as 
ultrasound as well as contralateral compensatory 

  Fig. 9.15    Small areas of cystic renal dysplasia ( left image ). Bilateral renal dysplasia with hypoplastic kidneys demon-
strating heterogeneous uptake of contrast and cystic areas ( right image )       

  Fig. 9.16    DMSA scans demonstrating heterogeneous 
uptake of radiotracer with renal dysplasia.  Left image  is a 
4-year- old with small congenitally dysplastic left kidney 
associated with vesicoureteral refl ux. The  middle image  is 

a 7-year- old with dysplastic and hydronephrotic right kid-
ney associated with ectopic ureter. The  right image  is a 
4-month-old with a duplex right kidney with the upper 
pole associated with an ectopic ureter       
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hypertrophy (Fig.  9.18 ). DMSA radionuclide 
scan demonstrates no signifi cant update to the 
MCDK (Fig.  9.19 ). Grossly, a MCDK does not 
have the typical reniform shape, contains multi-
ple cysts, and the ureter may be atretic (Fig.  9.20 ).

         Autosomal Recessive Polycystic 
Kidney Disease 
 Autosomal recessive polycystic kidney disease 
(ARPKD), previously called infantile polycystic 

kidney disease, has an estimated incidence of 1 
per 10,000–40,000 births [ 26 ,  27 ]. Mutations in 
the PKHD1 gene on chromosome 6p12 that 
encodes for the protein fi brocystin are responsi-
ble for ARPKD with over 200 mutations identi-
fi ed [ 28 ]. The kidneys are increased in size and 
are fi lled with small cysts (<3 mm) arising from 
the collecting ducts that appear to radiate from 
the medulla to the cortex. The liver is also 
affected in ARPKD with evidence of congenital 
fi brosis due to malformation of the biliary system 

  Fig. 9.17    A large multicystic dysplastic kidney in a newborn infant ( left ). Note the multiple noncommunicating cysts 
of varying size. The same child at age 2 with involuting MCDK ( right )       

  Fig. 9.18    CT scan with right MCDK ( arrows ) and com-
pensatory renal hypertrophy on  left        

  Fig. 9.19    DMSA scan of a 9-year-old child with right 
MCDK and normal left kidney       
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and may show hepatomegaly, increased echo-
genicity, and dilation of bile ducts on ultrasonog-
raphy [ 29 ]. The clinical spectrum of ARPKD 
varies widely from death in utero or in infancy 
due to complications of oligohydramnios, to 
bilateral nephrectomies at birth with dialysis, and 
to delayed diagnosis into early adulthood with 
only signs of hepatic fi brosis [ 30 ]. In general, the 
earlier the diagnosis is discovered, the more 
severe the renal impairment will be. Most severe 
cases of ARPKD are detected by prenatal 
ultrasound. 

 On ultrasound, the kidneys are large most 
commonly have a reniform shape but will be 
fi lled with multiple small cysts causing the 
echotexture to be hyperechoic (Fig.  9.21 ). Cross- 
sectional imaging can demonstrate the cysts that 
arise in the cortex and radiate from the medulla to 
the cortex (Fig.  9.22 ). A newborn with severe 
ARPKD will have oligohydramnios, and the 
 kidneys can be quite large and may need to be 
removed for any potential for survival with dialy-
sis (Fig.  9.23 ).

        Autosomal Dominant Polycystic 
Kidney Disease 
 Autosomal dominant polycystic kidney disease 
(ADPKD), previously adult polycystic kidney 
disease, may present in childhood. ADPKD is 

much more common than ARPKD with 1 case 
occurring every 400–1,000 live births. The muta-
tion for ADPKD occurs in the PKD1 or PKD2 
gene with PKD1 mutations accounting for 85 % 
of the cases [ 31 ]. The PKD1 and PKD2 genes 
encode the polycystin-1 and polycystin-2 pro-
teins, respectively. Pathologically, the kidneys 
develop cysts of variable size in all parts of the 
nephron. Since the number of cysts generally 
increases with age, children may only have a few 
cysts. The natural history of ADPKD is a pro-
gressive increase in the number and size of cysts 
with corresponding deterioration of renal func-
tion resulting in renal replacement in middle age 
to late adulthood. Most children with ADPKD 
are asymptomatic, but occasionally complica-
tions associated with the later stages of ADPKD 
such as ESRD, hypertension, pain, hematuria, or 
cyst infection can occur [ 32 ]. Other signifi cant 
organ involvement occurs including hepatic, pan-
creatic, or splenic cysts; cerebral aneurysms in up 
to 10 % of patients; and increased left ventricular 
size [ 33 ,  34 ]. 

 Renal ultrasound in children with ADPKD 
can be normal, have a small number of cysts, or 
demonstrate kidneys that are fi lled with cysts 
(Fig.  9.24 ). The cysts on cross-sectional imaging 
often have varying signal intensity due to hemor-
rhage or infection history (Fig.  9.24 ).

  Fig. 9.20    Gross image of 
MCDK at time of removal. 
This particular example has a 
well-defi ned ureter, but the 
ureter may also be atretic       
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      Isolated Renal Cysts 
 Isolated renal cysts are common incidental fi ndings 
with the prevalence increasing with increasing age. 

Given how common isolated renal cysts are and the 
concern about risk of malignancy with complex 
renal cysts, the Bosniak classifi cation system was 
created in which cysts are classifi ed into one of fi ve 
categories based upon morphologic and enhance-
ment characteristics with CT scanning [ 35 ].
 –    Category I: Benign simple cysts with thin wall 

and without septations, calcifi cations, or solid 
components. It has the density of water and 
does not enhance with contrast (Fig.  9.25 ).

 –      Category II: Benign cystic lesions that may 
have a few thin septa, fi ne calcifi cations, or a 
short segment of thickened calcifi cation. No 
contrast enhancement. Also includes lesions 
less than 3 cm in size with higher attenuation 
than water but without enhancement.  

 –   Category IIF: More complicated cystic lesions 
than category II but without contrast enhance-
ment. Multiple thin septa may be present as 
well as thick calcifi cations. Also includes 
lesions greater than 3 cm in size with higher 

  Fig. 9.21    Ultrasound examples of a newborn with ARPKD. Multiple small cysts in a reniform-shaped kidney that are 
both over 11 cm in length. The kidney also has increased echogenicity       

  Fig. 9.22    MRI image of ARPKD in a 7-year-old. The 
kidneys retain a reniform shape, and multiple small cysts 
are seen radiating from the medulla to the cortex       
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attenuation than water but without enhance-
ment. Considered nonmalignant but follow-up 
required.  

 –   Category III: Cystic lesions that can be com-
plex with measurable contrast enhancement. 
Approximately 50 % are malignant with low- 
grade renal cell carcinoma as the most com-
mon diagnosis (Fig.  9.26 ) [ 36 ].

 –      Category IV: These lesions are similar to cat-
egory III lesions, and they contain contrast- 
enhancing soft tissue components. Greater 
than 75 % chance of malignancy with category 
IV lesions.    
 The Bosniak classifi cation system has been 

evaluated on a limited scale in children with com-
plex renal cysts. In one study, 5 of 39 children with 
complex renal cysts underwent resection; three 
had a benign cyst (Category IIF in 2, Category III 
in 1), and two had renal cell carcinoma (Category 

III in 1 and Category IV in 1) [ 37 ]. In another 
study of 22 children, all lesions classifi ed as 
Category I or II were benign, and all malignant 
lesions were classifi ed as Category III or IV [ 38 ]. 

 The most common type of isolated renal cyst 
seen in children and adults is the simple renal 
cyst. Among adults, the prevalence of simple 
renal cysts increases from approximately 5 % in 
the fourth decade of life to over 30 % in the 
eighth decade of life [ 39 ]. The prevalence among 
people age 15–30 years old is less than 1 % [ 40 ]. 
One study evaluated over 16,000 renal ultra-
sounds of children from birth to age 18 found that 
the prevalence of simple renal cysts was 0.22 %, 
which was relatively stable across all age groups 
[ 41 ]. The average cyst size was 1 cm (range 
0.3–7 cm), and of the 23 cysts followed, only 2 
were slightly larger and only 1 cyst required 
treatment with percutaneous drainage [ 41 ]. 

  Fig. 9.23    Newborn female 
with ARPKD, oligohydram-
nios, renal failure, and 
pulmonary insuffi ciency 
(ultrasound shown in 
Fig.  9.20 ). Gross images after 
bilateral native nephrectomy       
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 Ultrasound is used most commonly in children 
to evaluate simple renal cysts, and a CT scan is not 
needed if a cyst meets ultrasound criteria for a sim-
ple cyst. On ultrasound a simple renal cyst is defi ned 

as being round and sharply demarcated with smooth 
walls, no internal echoes within the cyst, and there 
is a posterior wall echo with enhanced transmission 
beyond the cyst (Fig.  9.27 ) [ 42 ]. Rarely, a large 

  Fig. 9.24    ADPKD in a 9-year-old ( left image ) with a 
small number of cysts. The same patient at 20 years old 
( right image ) showing progression and the right kidney 
now almost entirely fi lled with cysts. The lower 

T2-weighted MRI images of a 4-year-old demonstrate 
that ADPKD in children can be quite severe. The cysts 
have varying signal intensity likely due to hemorrhage       

  Fig. 9.25    CT scan images of a category I simple renal 
cyst ( arrows ). They cyst is smooth and round without any 
calcifi cations or solid components. The fl uid within cyst is 

homogenous with a density similar to water (Hounsfi eld 
units less than 20). No contrast enhancement exists       
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simple cyst will cause pain and will require treat-
ment such as laparoscopic cyst decortication or per-
cutaneous drainage (Fig.  9.28 ).

       Renal Agenesis 
 The congenital absence of renal parenchymal tis-
sue, renal agenesis, results from an early disrup-
tion of metanephric development and occurs 
approximately every 1 per 3,000–5,000 births 
[ 1 ,  43 ]. Renal agenesis is thought to be due to a 
failure of ureteral bud induction or development 
of the mesonephric duct [ 1 ]. Most patients are 
asymptomatic and are diagnosed during screen-
ing antenatal ultrasound or for imaging per-
formed for other reasons showing an absent renal 
fossa and contralateral compensatory renal 
hypertrophy. A postnatal ultrasound and radionu-
clide scan confi rm the diagnosis. Other congeni-
tal anomalies such as VUR, UPJO, and 
ureterovesical junction obstruction (UVJO) are 
more common in the remaining kidney [ 44 ,  45 ]. 
Unilateral renal agenesis in males can be associ-
ated with abnormalities or absence of structures 
derived from the mesonephric duct such as the 
seminal vesicles, vas deferens, and epididymis 

  Fig. 9.26    CT scan image showing category III renal cystic 
lesion ( red arrow ) in a 13-year-old. Note the presence of 
septations with measurable contrast enhancement. Contrast 
enhancement of septations (Bosniak III) and soft tissue com-
ponents (Bosniak IV) are the main distinguishing factors for 
renal cysts considered to have a high risk of malignancy       

  Fig. 9.27    Examples of ultrasound images of simple cysts 
in four different children. The cysts are round with smooth 
walls, there are no internal echoes, and there is a posterior 

wall echo with enhanced transmission beyond the cyst 
( arrows  showing enhanced transmission)       
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[ 46 ]. Unilateral renal agenesis in females is asso-
ciated with an increased risk of Mullerian abnor-
malities such as uterine didelphys, duplicated 
vagina, and obstructed hemivagina [ 47 ].   

   Anomalies of Renal Migration 
and Fusion 

 Renal migration and fusion anomalies result in 
renal ectopia and renal fusion anomalies, respec-
tively. The kidney normally ascends during devel-
opment from the pelvis to the lumbar position by 
week 8 of gestation. As the kidney ascends, the 
kidney obtains its blood supply from nearby ves-
sels. As a result, ectopic kidneys have an anoma-

lous blood supply. The kidney also normally 
rotates medially 90° as it ascends causing the 
renal hilum to be oriented medially. Fusion anom-
alies occur when the developing kidneys fuse 
abnormally prior to ascent. All forms of ectopic or 
fused kidneys are associated with an increased 
risk of ipsilateral and contralateral renal abnor-
malities such as VUR, UPJO, hydronephrosis, 
kidney stones, and urinary tract infections [ 48 ]. 

   Renal Ectopia 
 The most common position for an ectopic kidney 
is below the ipsilateral pelvic brim. These pelvic 
kidneys are found in 1 in 500–1,200 births [ 46 ]. 
Pelvic kidneys also fail to rotate properly and 
tend to have an anteriorly directed blood supply 

  Fig. 9.28    Preoperative evaluation prior to laparoscopic 
decortication of a symptomatic left lower-pole renal cyst. 
The renal ultrasound shows a large lower-pole cystic 
structure with questionable thick walls ( upper left ). The 
MRI ( upper right ) and CT scan ( lower left ) demonstrate a 

non-enhancing simple cyst. The MAG3 renal scan dem-
onstrated a left kidney that functions well but had an area 
in the lower pole with lack of contrast uptake ( arrow ) that 
corresponded to the cyst ( lower right )       
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and renal pelvis. The blood supply is variable and 
can come from a one or a combination of the 
internal iliac, external iliac, common iliac, or 
aorta. Rarely, an ectopic kidney can be located in 
the thoracic region [ 49 ]. There is an increased 
incidence of other urologic abnormalities in the 
ectopic kidney as well as the contralateral kidney 
with vesicoureteral refl ux to the ectopic kidney 
being the most common [ 48 ]. In females, 
Mullerian abnormalities have been associated 
with ectopic kidneys such as Mayer-Rokitansky- 
Kuster-Hauser syndrome or ipsilateral uterine 
agenesis [ 50 ,  51 ]. 

 Simple renal ectopia is often evaluated 
with ultrasonography or cross-sectional imag-
ing (Fig.  9.29 ). A DMSA scan can be obtained 
to evaluate function of the ectopic kidney 
(Fig.  9.30 ). A VCUG is commonly obtained to 
evaluate for VUR in the ectopic or contralateral 
kidney.

       Crossed Renal Ectopia 
 Crossed renal ectopia occurs in 1 in 1,000–2,000 
births and is associated with some fusion to the 
other kidney 90–95 % of the time [ 46 ,  52 ]. Most 
commonly, the fusion is between the upper pole 
of the crossed ectopic kidney and the lower pole 
of the kidney on the appropriate side. The ureter 
of the crossed ectopic kidney generally crosses 
back to the other side and inserts into the bladder 
trigone. Other rare forms of crossed renal ectopic 

include crossed unfused renal ectopia and bilat-
eral crossed renal ectopia. 

 Crossed renal ectopia can also be detected 
with ultrasonography and cross-sectional imag-
ing, and an excretory phase can be obtained to 
further characterize the anatomy if needed 
(Fig.  9.31 ). Radionuclide scans are also helpful 
in determining the anatomy and relative function 
of the kidneys (Fig.  9.32 ).

       Horseshoe Kidney 
 Horseshoe kidneys are the most common renal 
fusion abnormality occurring in 1 in 600 individ-
uals [ 53 ]. The horseshoe kidney occurs when the 
lower poles of the developing kidneys fuse prior 
to renal ascent. The part of the horseshoe kidney 
that connects the two sides is called the isthmus 
and can contain functional renal tissue or just be 
a fi brous band depending on how early the fusion 
event occurred. The fused kidneys are not able to 
rotate properly, and ascent is limited by the isth-
mus coming into contact with the inferior mesen-
teric artery. As a result, a horseshoe kidney has its 
distinct horseshoe shape, is located more caudal 
than normal kidneys, has an anteriorly directly 
renal pelvis, and has a highly variable blood sup-
ply from the aorta and iliac vessels [ 54 ,  55 ]. The 
presence of a horseshoe kidney is often asymp-
tomatic but is associated with an increased risk of 
VUR, hydronephrosis, UPJO, kidney stones, and 
UTIs [ 21 ]. 

  Fig. 9.29    CT and ultrasound images of a 10-year-old with right ectopic kidney (pelvic kidney)       
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 Ultrasonography can usually detect the isth-
mus of a horseshoe kidney (Fig.  9.33 ), but some-
times cross-sectional imaging is needed 
(Fig.  9.34 ). In addition, studies such as a VCUG 
or MAG3 furosemide renal scan are obtained if 
there is the presence of hydronephrosis and/or 
urinary tract infections (Fig.  9.35 ).

         Anomalies of Collecting 
System Development 

 Anomalies of collecting system development 
constitute some of the more common CAKUT 
diseases. Anomalies of the renal pelvis include 
congenital hydronephrosis, congenital UPJ 
obstruction, and megacalycosis. Anomalies of 
the ureter include primary megaureter, ectopic 

ureter, duplicated ureter, ureteroceles, and vesi-
coureteral refl ux. Anomalies of the bladder and 
urethra include bladder exstrophy and epispadias 
complex, prune-belly syndrome, posterior ure-
thral valves, bladder diverticulum, duplicated 
urethra, and urethral atresia. 

   Congenital Hydronephrosis 
 Antenatal hydronephrosis is found in approxi-
mately 1–2 % of all fetuses screened by prenatal 
ultrasound and seems to be more common in male 
fetuses [ 56 ,  57 ]. Clinical outcomes are related to 
severity of hydronephrosis, and two main grading 
systems are used. The Society for Fetal Urology 
(SFU) criteria grade antenatal hydronephrosis and 
postnatal hydronephrosis based upon the degree 
and location of hydronephrosis as well as presence 
of thinned renal parenchyma [ 58 ].
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  Fig. 9.30    DMSA scan of the right pelvic kidney. Note the decreased function that is typical of ectopic kidneys with the 
right pelvic kidney contributing 16 % of total renal function       
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•    Grade 0: Normal examination with no dilata-
tion of the renal pelvis  

•   Grade 1: Mild dilatation of renal pelvis only 
(Fig.  9.36 )

•      Grade 2: Moderate dilatation of the renal pel-
vis including a few calyces (Fig.  9.36 )  

•   Grade 3: Dilatation of the renal pelvis with 
visualization of all the calyces, which are uni-
formly dilated, and normal renal parenchyma 
(Fig.  9.36 )  

•   Grade 4: Similar appearance of the renal pel-
vis and calyces as Grade 3 plus thinning of the 
renal parenchyma (Fig.  9.36 )    
 The other method of grading antenatal hydro-

nephrosis is measurement of the anterior- posterior 
renal pelvis diameter (RPD). Several studies have 
found an association with increasing RPD and 
increasing risk of postnatal UTI, diagnosis of a 
signifi cant CAKUT, and undergoing surgery [ 59 –
 64 ]. A RPD of >4 mm and <10 mm is generally 
considered mild renal pelvis dilatation, and 
>15 mm is considered severe (Fig.  9.37 ). For mild 
renal pelvis dilatation, over 75 % of the cases are 

likely to resolve spontaneously [ 64 ]. Mild renal 
pelvis dilatation is the most commonly seen type 
of antenatal hydronephrosis, so the etiology is 
transient hydronephrosis accounts for around 
50 % of all cases. The next most common causes 
of congenital hydronephrosis are physiologic 
hydronephrosis without obstruction (15 %), 
UPJO (11 %), and VUR (9 %) [ 65 ].

      Ureteropelvic Junction 
Obstruction (UPJO) 
 As mentioned in the previous section, UPJO is 
the most common diagnosis given for children 
with antenatal hydronephrosis. Congenital 
UPJO is caused by an anatomical or functional 
intrinsic stenosis of the UPJ or less commonly 
by an extrinsic compression of the UPJ usually 
by a lower-pole renal artery. The exact mecha-
nism of intrinsic stenosis of the UPJ is not 
known. The reported incidence of UPJO is 1 in 
500–1,500 births [ 66 ]. UPJO can be bilateral in 
a minority of cases, and boys are more fre-
quently affected [ 66 ]. 

  Fig. 9.31    Ultrasound and CT imaging of crossed fused ectopia found incidentally after trauma (note free fl uid on CT 
images). The ectopic kidney has anteriorly facing renal pelvis       
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 Most congenital UPJO cases are detected by 
prenatal ultrasound. The diagnosis is supported 
by the presence of hydronephrosis, but that is not 
suffi cient (Fig.  9.38 ). The diagnosis is confi rmed 
by diuretic renography, such as a MAG3 diuretic 
renal scan, that demonstrates delayed washout of 
radiotracer from the renal pelvis (Fig.  9.39 ). The 
washout time of interest is the number of minutes 
it takes for the amount of radiotracer in the renal 
pelvis to decrease in half. A washout time of 
<15 min is considered unobstructed, and a wash-
out time of >20 is considered consistent with 
obstruction. A washout time between 15 and 
20 min is considered intermediate. Another 
important piece of information obtained from 
diuretic renography is the split function of the two 
kidneys. If the split function is equal in a patient 
with a unilateral kidney with a washout time con-
sistent with obstruction, that kidney can often be 

observed conservatively and surgery avoided 
[ 67 ]. However, an initial split renal function 
<40 % and severe hydronephrosis are associated 
with increased risk of undergoing surgery [ 67 ].

       Ureteral Fibroepithelial Polyps 
 Fibroepithelial polyps are rare causes of UPJ 
obstruction in children. They are benign tumors 
that can occur anywhere in the urinary tract, but 
the most common locations are the UPJ, upper 
ureter, and posterior urethra [ 68 ]. While seen 
rarely, these lesions are often encountered unex-
pectedly at time of UPJ repair (Fig.  9.40 ).

   The diagnosis of a fi broepithelial polyp prior 
to surgery requires an index of suspicion. Often 
the ultrasound will have the appearance of a typi-
cal UPJ obstruction with hydronephrosis without 
hydroureter, and the diagnosis is not suspected. 
One study reported that subtle fi nding of a 
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  Fig. 9.32    DMSA scan of crossed fused renal ectopia. The ectopic kidney has decreased function compared to the 
 non- ectopic kidney       
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 fi broepithelial polyp was detected by ultrasound 
preoperatively in 62 % of 35 children undergoing 
UPJ repair [ 68 ]. The authors report that blood 
fl ow was detected in all polyps that were 

 suspected prior to surgery. Retrospective analysis 
of preoperative imaging of the child in Fig.  9.40  
demonstrates blood fl ow to a polyp in the region 
of the UPJ (Fig.  9.40 ).  

  Fig. 9.33    Ultrasound images of a 7-year-old with a horseshoe kidney. Right kidney ( upper left ), left kidney ( upper 
right ), and isthmus indicated by  arrows  ( bottom images )       

  Fig. 9.34    CT images of horseshoe kidney demonstrating prominent isthmus in a 10-year-old       
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   Primary Megaureter 
 A megaureter is a descriptive term given to a ure-
ter >7 mm in diameter in children <12 years old 
and neonates greater than 30 weeks gestation 
(Fig.  9.41 ) [ 69 ]. There are four types of megaure-
ter based upon the presence or absence of obstruc-
tion and refl ux [ 70 ].
•     Refl uxing, non-obstructed megaureter: this is 

a common type of megaureter caused by high- 
grade vesicoureteral refl ux that leads to a 
dilated ureter.  

•   Refl uxing, obstructed megaureter: this is gener-
ally associated with an ectopic ureter that inserts 
into the external sphincter and is relatively rare.  

•   Nonrefl uxing, non-obstructed megaureter: 
this is a common variant of megaureter and is 
also called primary dilated megaureter.  

•   Nonrefl uxing, obstructed megaureter: this 
type of primary megaureter is relatively rare 

and often leads to a decrease in renal function, 
infection, or pain.    
 The refl uxing, non-obstructed megaureter will 

be discussed in the section on vesicoureteral 
refl ux, and the refl uxing, obstructed megaureter 
will be discussed in the section on ectopic ureters. 
This section focuses on nonrefl uxing, primary 
megaureter where the pathology is due to an 
intrinsic abnormality of the ureter and not bladder 
outlet obstruction or high intravesical pressures. 

 Nonrefl uxing primary megaureter is a com-
mon reason for evaluation for potential urinary 
tract obstruction. Boys are affected more fre-
quently than girls, the left side is more common, 
bilateral cases occur in 25 %, and the contralat-
eral kidney can be absent or dysplastic in 
10–15 % of cases [ 71 ]. The cause of primary 
megaureter is thought to be a defect in the muscle 
and collagen development in the distal ureter 
resulting in an aperistaltic segment near the ure-
terovesical junction which can lead to obstruction 
(Fig.  9.42 ) [ 71 ]. The main question with primary 
megaureter is whether there is signifi cant obstruc-
tion and risk of renal deterioration. As in evalua-
tion for UPJO, primary megaureter is evaluated 
with diuretic renography with the area of interest 
including the ureter (Fig.  9.43 ). If the split func-
tion is equal and UTIs are not a signifi cant prob-
lem, primary megaureters are often observed 
even if the washout time is greater than 20 min. 
A high percentage of primary  megaureters does 
not lead to renal deterioration and resolves spon-
taneously (Fig.  9.44 ) [ 72 – 75 ].

        Ectopic Ureter 
 An ectopic ureter drains to an abnormal location. 
In males, the ureteral orifi ce of an ectopic ureter is 
always proximal to the external urethral sphincter 
and can be located distal to the trigone, in the pos-
terior urethra, seminal vesicle, vas deferens, ejac-
ulatory duct, and epididymis. The reason for these 
locations is explained embryologically (see 
above). Given the association of duplex kidneys 
and upper-pole ectopic ureters, ultrasonography 
often reveals a duplex kidney with upper-pole 
hydronephrosis (Fig.  9.45 ). There can be signifi -
cant dysplasia associated with ectopic ureters, and 
the associated kidneys or upper-pole segments are 

  Fig. 9.35    VCUG demonstrating bilateral vesicoureteral 
refl ux into a horseshoe kidney. Note the medially directed 
calyces ( red arrows ) typical of a horseshoe kidney       
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often poorly functioning (Fig.  9.46 ). The location 
of the ectopic ureter insertion is often not able to 
be determined by ultrasonography. If the ectopic 
ureteral orifi ce is in the external urethral sphinc-
ter, a unique situation can occur where an 
obstructed, refl uxing megaureter is found. The 
refl ux in these ureters is usually seen only during 
the voiding phase when the external sphincter is 
relaxed (Fig.  9.47 ).

        Ureterocele 
 A cystic dilation of the distal ureter where it 
inserts into the bladder or urethra is called a ure-
terocele (Fig.  9.48 ). Ureteroceles are most com-
monly associated with the upper pole in a duplex 
kidney and occur more frequently in females 
[ 76 ]. The reported incidence of ureteroceles is 1 
in every 1,000 births [ 77 ]. The risk of UTI in 
children with ureteroceles may be as high as 

50 % [ 78 ]. Ureteroceles are classifi ed as 
 intravesical if they are entirely within the bladder 
or ectopic if part of the ureterocele extends into 
the urethra. The exact embryologic explanation 
for ureteroceles is unknown, but one popular the-
ory is that there is a membrane between the 
mesonephric duct and the ureteric bud that does 
not completely break down and leads to a ste-
notic ureteral orifi ce and obstruction [ 79 ].

   Ureteroceles can be detected antenatally by 
screening ultrasound (Fig.  9.49 ) or postnatally 
after a urinary tract infection. Most ureteroceles 
are diagnosed by ultrasonography that demon-
strates a cystic mass within the bladder and poten-
tially hydroureteronephrosis (Fig.  9.50 ). A VCUG 
is generally performed as well because of the 
increased incidence of ipsilateral lower-pole 
refl ux in duplex systems. Early images of the 
bladder with the VCUG will often demonstrate 

  Fig. 9.36    Hydronephrosis grades. Grade 1 ( upper left ), grade 2 ( upper right ), grade 3 ( lower left ), and grade 4 ( lower 
right ). The distinction between grade 3 and 4 is the presence of thinning of the renal parenchyma in grade 4       
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  Fig. 9.37    Prenatal ultrasound of a 32-week-old fetus with 
bilateral grade 3 hydronephrosis. The left kidney has an ante-
rior-posterior diameter of 10 mm ( upper left image ) with no 

parenchymal thinning ( upper right image ). The right kidney 
has an anterior-posterior diameter of 11 mm ( lower left 
image ) with no parenchymal thinning ( lower right image )       

  Fig. 9.38    Ultrasound images of a 10-month-old with left 
ureteropelvic junction obstruction with grade 4 hydrone-
phrosis. No hydroureter was seen (images not shown). 

The presence of hydronephrosis suggests obstruction, but 
is not diagnostic       
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  Fig. 9.39    MAG3 diuretic renal scan demonstrating left 
ureteropelvic junction obstruction in a 10-month-old. The 
left kidney has decreased relative function at 35 % and a 

very prolonged T ½ washout time ( arrows ) even after 
diuretic was given at 55 min. No radiotracer is seen along 
the course of the left ureter       

  Fig. 9.40    Gross image: benign fi broepithelial polyp 
( arrows ) in the proximal ureter ( arrowheads ) seen at time 
of UPJ repair in a child. Ultrasound image: the presence 

of the polyp was not known prior to surgery, but a polyp 
with blood fl ow was retrospectively appreciated on preop-
erative ultrasound       
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the ureterocele (Fig.  9.50 ). As with ectopic ureters 
associated with duplex kidneys, renal scans are 
also used clinically in determining the relative 
function of the different poles in a duplex kidney.

       Duplex Kidney 
 The most common congenital anomaly of the 
urinary tract is complete or partial duplication of 
the collecting system with an estimated inci-
dence of 1–5 % [ 80 ]. Partial duplication is more 
common than complete duplication. In collect-
ing systems that have complete duplication, sep-
arate ureters drain the upper and lower poles of 
the duplex kidney. As mentioned in prior sec-
tions, the upper- pole ureteric bud arises higher 
on the mesonephric duct and may lead to an 
ectopic ureter or ureterocele, while the lower-
pole ureteric bud arises lower on the mesoneph-
ric duct and can lead to VUR and a more 
craniolateral insertion into the bladder. In addi-
tion, the lower pole in a duplex kidney can 
develop a UPJ obstruction. However most com-
pletely duplicated systems do not lead to ectopic 
ureters, ureteroceles, UPJ obstructions, or VUR. 
The upper-pole ureter simply inserts medial and 
caudal to the lower-pole ureter. This relationship 
is referred to the Weigert- Meyer rule, but rare 
exceptions exist [ 81 ,  82 ]. 

 Duplicated collecting systems are often 
detected by ultrasonography (Fig.  9.51 ) or inci-
dentally on cross-sectional imaging (Fig.  9.51 ). 
In cases of UTI in children, a VCUG will often 
demonstrate lower-pole VUR (Fig.  9.52 ) or an 
upper-pole ectopic ureter or ureterocele dis-
cussed in the previous sections. Renal scans for 
kidneys with complete duplication can have the 
area of interest drawn around the upper and lower 
poles of a kidney to obtain the relative function 
of each.

  Fig. 9.41    : Megaureter in a 10-month-old. The ureter ( U ) is dilated distally near the bladder ( B ) on the left image and 
proximally near the kidney on the right image       

  Fig. 9.42    Retrograde pyelogram of left megaureter dem-
onstrating distal aperistaltic segment ( red arrows ) ( upper 
image ). Gross appearance of distal aperistaltic segment 
( black arrows ) at time of ureter reimplantation for nonre-
fl uxing, obstructed megaureter ( lower image )       
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       Vesicoureteral Refl ux 
 Vesicoureteral refl ux (VUR) is the fl ow of urine 
retrograde from the bladder to the ureters. The 

two most common presentations for VUR are a 
neonate with a history of antenatal hydrone-
phrosis or a young child with a febrile UTI. 

  Fig. 9.43    MAG3 diuretic renal scan images of nonre-
fl uxing, non-obstructed megaureter. The left and right 
kidney have symmetrical uptake of radiotracer with 

approximately equal split function ( left image ). The left 
kidney has a megaureter ( arrow ) with delayed drainage, 
but no obstruction       

  Fig. 9.44    Natural history of megaureters by intravenous 
pyelogram. The  right image  shows an infant with bilateral 
non-refl uxing, non-obstructed megaureters. The  middle 

image  is at 5 years old and  right image  is at 8 years old 
demonstrating marked improvement on the  left side  and 
resolution on the  right        
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VUR is found in approximately 1 % of new-
borns and 30–45 % of children with a febrile 
UTI [ 83 ]. Caucasians and females are at 
increased risk of being diagnosed with VUR. 
VUR is divided into primary and secondary. 
Primary VUR is the most common form of VUR 
and is thought to occur because the ureterovesi-
cal junction (UVJ) is incompetent or the intra-
vesical tunnel of the ureter is too short to allow 
closure with voiding. Secondary VUR occurs in 
the setting of high bladder pressures often 

 associated with bladder outlet obstruction or 
neurogenic bladder. 

 The diagnosis of VUR is most commonly con-
fi rmed by a voiding cystourethrogram (VCUG) 
or a radionuclide cystogram (RNC). A VCUG is 
performed by placing a catheter into the bladder 
and fi lling the bladder retrograde with contrast. 
Images of the bladder are obtained during the fi ll-
ing and voiding phase. The International Refl ux 
Study Group developed a 5-level grading method 
for VUR detected by VCUG [ 84 ].

  Fig. 9.45    Upper pole ( UP ) of duplex kidney with ectopic 
ureter ( upper left image ) and distal ureter ( U ) behind the 
bladder ( B ) ( upper right ) in a 4-month-old. The same 
patient at 14 months old after laparoscopic upper-pole 

heminephrectomy demonstrating removal of upper pole 
( lower left image ) and persistence of some distal hydro-
ureter behind the bladder ( lower right image )       

  Fig. 9.47    Example of refl uxing, obstructed megaureter 
in a duplex kidney of a male child. The refl ux is seen as 
the child starts to void ( left image ) and does not drain after 

completion of voiding ( right image ). Some prostatic ducts 
( arrows ) are seen suggesting the ectopic ureter inserts 
near ejaculatory duct in the prostate       

 

 

B.J. Schlomer et al.



185

 –    Grade 1: Refl ux into ureter only without dila-
tion (Fig.  9.53 ).

 –      Grade 2: Refl ux into ureter and renal collect-
ing system without dilation (Fig.  9.53 ).  

 –   Grade 3: Refl ux fi lls and mildly dilates the 
ureter and renal collecting system with mild 
blunting of the calyces (Fig.  9.53 ).  

 –   Grade 4: Refl ux fi lls and grossly dilates the 
ureter and renal collecting system with blunt-
ing of the calyces. The ureter is also somewhat 
tortuous (Fig.  9.53 ).  

 –   Grade 5: Refl ux massively dilates the ureter and 
renal collecting system with blunted calyces. 
The ureter is signifi cantly tortuous (Fig.  9.53 ).    
 The International Refl ux Study Group also 

developed a grading method for RNC [ 85 ].
 –    Mild VUR – refl ux into ureter only without 

dilation (Fig.  9.54 )
 –      Moderate VUR – refl ux into ureter and renal 

collecting systems with or without mild dila-
tion and blunting of calyces (Fig.  9.54 )  

 –   Severe VUR – refl ux that grossly dilates the 
ureter and renal colleting system with tortuos-
ity in the ureter (Fig.  9.54 )    

  Fig. 9.46    DMSA scan demonstrating dysplasia and lack 
of function of the upper pole ( arrow ) of the right kidney 
that is often associated with an ectopic ureter       

 

9 Renal Imaging: Congenital Anomalies of the Kidney and Urinary Tract



186

 The VCUG is the most widespread test used to 
diagnose VUR but has the disadvantage of more 
radiation exposure than the RNC. In RNC, one 
possible disadvantage is decreased anatomical 
detail. Several groups have attempted to use 
ultrasonography to diagnose VUR using ultra-
sound contrast media, but its use is not wide-
spread [ 86 ].  

   Megacalycosis 
 Megacalycosis is a very rare entity characterized 
by an increased number of renal calyces [ 12 – 20 ], 
caliectasis in the absence of obstruction, and 
hypoplasia of the medullary pyramids [ 87 ]. 
The cause of megacalycosis is not known. 
Megacalycosis can present as prenatal hydrone-
phrosis, and the diagnosis is confi rmed by post-
natal ultrasonography which shows the increased 
number of renal calyces with caliectasis and 
diuretic renography without obstruction 
(Fig.  9.55 ).

      Bladder Exstrophy and Epispadias 
Complex (BEEC) 
 BEEC composes rare and complex congenital 
anomalies including epispadias, bladder exstro-
phy, and cloacal exstrophy. Epispadias is defi ned 
by an open urethra dorsally on the penis in males 
or a bifi d clitoris in females. Isolated cases of 

 epispadias can occur. Classic bladder exstrophy 
is characterized by an open bladder and posterior 
urethra in the lower abdomen, diastasis of the 
symphysis pubis, and epispadias. Cloacal exstro-
phy is the most severe and least common of the 
BEEC diseases and involves an open bladder and 
hindgut through a large abdominal wall defect, 
anal atresia, omphalocele, and genital 
anomalies. 

 BEEC complex diseases can be diagnosed 
antenatally by ultrasonography. Classic bladder 
exstrophy can be detected prenatally with ultra-
sonography with fi ndings such as absence of 
bladder fi lling, pubic symphysis diastasis, small 
genitalia in males, and low-set umbilicus. 
However, prenatal MRI may also be useful in the 
diagnosis (Fig.  9.56 ) [ 88 ]. Around 3 % of bladder 
exstrophy patients will have renal anomalies such 
as duplex kidney, UPJO, pelvic kidney, and 
MCDK that are usually diagnosed by renal ultra-
sonography [ 89 ].

      Prune Belly 
 Prune-belly or Eagle-Barrett syndrome (PBS) is 
a rare congenital syndrome of unknown etiology 
characterized by a triad of fi ndings: abdominal 
muscle defi ciency, genitourinary tract anomalies, 
and bilateral undescended testis. Typical genito-
urinary tract anomalies seen in PBS include 
dilated and tortuous ureters, enlarged but non- 
obstructed bladder, prostate hypoplasia, and vari-
able renal dysplasia. The incidence of ESRD is 
around 25–30 % in PBS and is related to the 
amount of renal dysplasia [ 90 ,  91 ]. 

 Antenatal ultrasound may show dilated ure-
ters and bladder and the lack of abdominal wall 
muscle. The appearance of prune-belly syndrome 
antenatally can often be confused with posterior 
urethral valves.  

   Posterior Urethral Valves 
 Posterior urethral valves (PUV) are rare congenital 
anomalies of the urethra that can severely affect 
the urinary tract. PUV themselves appear to be 
membranous folds in the posterior urethra that are 
the result of persistence of the urogenital mem-
brane and defi cient cannulization of the urethra 
[ 92 ]. The PUV leads to obstruction of the urinary 

  Fig. 9.48    Gross image of ureterocele in a bladder at time 
of surgery. The left kidney is a duplex kidney with a ure-
teral stent in the lower-pole ureter ( yellow arrow ) and 
upper pole associated with a ureterocele ( black arrow )       
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tract with resulting collecting system anomalies 
including abnormal bladder function, hydroure-
teronephrosis, VUR, renal dysplasia, and ESRD. 

 The majority of PUV cases are detected by 
prenatal ultrasound that may show unilateral or 
bilateral hydroureteronephrosis and dilated blad-
der and posterior urethra (Fig.  9.57 ). Postnatally, 
PUV cases are evaluated with a VCUG, which 
shows the characteristic dilated posterior urethra 
during the voiding phase and often trabeculated 
bladder (Fig.  9.58 ). VUR is present in up to 50 % 
of all patients with PUV [ 93 ]. Renal dysplasia 
and differential renal function can be evaluated 
by radionuclide scans such as the DMSA scan.

        Antenatal and Postnatal 
CAKUT Evaluation 

   Antenatal Evaluation 
 The majority of clinically signifi cant CAKUT 
diseases are detected by fetal ultrasonography. 
The most common time to obtain a screening 
antenatal ultrasound is between 16 and 20 weeks 
of gestation. At this time there is good visualiza-
tion of urinary tract anatomy with a high sensitiv-
ity for detecting CAKUT diseases. In addition, it 
is early enough in the gestation where other pre-
natal testing such as karyotype can be performed 
as well as termination of the pregnancy. 

  Fig. 9.49    Prenatal diagnosis of bilateral ureteroceles. 
The right kidney is a duplex kidney ( upper left ) with an 
upper- pole segment associated with a ureterocele ( bottom 
left ). The left kidney is a single system ( upper right ) 

 associated with a ureterocele ( lower right ). The uretero-
celes within the bladder are highlighted by  arrows ; there 
are clearly two cystic structures in this case of bilateral 
ureteroceles       
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  Fig. 9.50    Right-sided ureterocele. On early fi lling images of VCUG, the ureterocele is visible as a fi lling defect ( left 
image ). Ultrasound demonstrates a cystic structure within the bladder ( red arrow ) ( right image )       

  Fig. 9.51    Ultrasound of a 10-month-old with duplex 
right kidney without hydronephrosis ( Top images ). The 
duplex kidney is longer than a normal kidney, and a strip 
of kidney parenchyma can be seen that divides the poles. 

CT scan of an 11-year-old with right duplex kidney ( lower 
left ) and CT scan of a 10-year-old with left duplex kidney 
( lower right ). The upper pole ( UP ) and lower pole ( LP ) of 
the duplex kidneys are highlighted in two of the images       
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 The fetal kidneys and bladder can be 
detected by the 15th week of gestation [ 94 ,  95 ]. 
The fetal ureters are normally not seen on pre-
natal ultrasound. The amount of hydronephro-
sis, if present, can be graded by SFU grade or 
the RPD measured. The bladder wall should be 
thin. The decrease in the volume of amniotic 
fl uid (oligohydramnios) is a sensitive marker 
for abnormal fetal renal function because by 
20 weeks gestation fetal urine accounts for the 
majority of amniotic fl uid volume [ 96 ,  97 ]. 
There are several methods for assessing amni-
otic fl uid volume by prenatal ultrasound with 
the single deepest pocket (SDP) measurement 

and  amniotic fl uid index (AFI) being the most 
common. The SDP measurement is obtained 
by measuring the vertical length of the largest 
pocked of amniotic fl uid measured at a right 
angle to the uterus. The SDP can be inter-
preted accordingly: 0–2 cm, oligohydramnios; 
2.1–8 cm, normal; and greater than 8 cm, poly-
hydramnios [ 98 ]. The AFI is a slightly more 
complicated measurement that is obtained by 
dividing the uterus into four quadrants and 
then obtaining the vertical length of the larg-
est amniotic fl uid pocket in each quadrant then 
summing the four measurements. The AFI can 
be interpreted accordingly: 0 to less than 4 cm, 

  Fig. 9.52    Duplex kidney with lower-pole ( LP ) refl ux. 
Note the grade 4 hydronephrosis in the lower pole on 
ultrasound ( upper left ) and the decreased function seen on 

MAG3 renal scan of the lower pole ( upper right ). The 
refl ux is grades 4–5 and the drooping lily appearance of 
the lower-pole calyces is demonstrated ( lower images )       
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oligohydramnios; 5–25 cm, normal; and greater 
than 25 cm, polyhydramnios [ 99 ]. A Cochrane 
Collaboration meta-analysis comparing the SDP 

and AFI found that no method was superior 
in prevention of poor peripartum outcomes. 
However, the AFI diagnosed oligohydramnios 

  Fig. 9.53    Refl ux grades on VCUG. Grade I ( upper left ). Grade II ( upper middle ). Grade III ( upper right ). Grade IV 
( lower left ). Grade V ( lower right )       

  Fig. 9.54    Refl ux grades on 
RNC. Mild VUR ( left ). 
Moderate VUR ( middle ). 
Severe VUR ( left )       
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more frequently, which led to more labor induc-
tions and cesarean section deliveries. Therefore, 
the SDP was recommended [ 100 ]. 

 Fetal MRI is increasing in use in the evalua-
tion of CAKUT diseases [ 101 ,  102 ]. In one 
report, 35 women with 37 fetuses underwent 
fetal MRI with a gestational age range of 
17–35 weeks. Fetal MRI was able to evaluate the 
kidneys and bladder in all infants and the 
perineum in 27 of the 35 pregnancies. In four 
cases of renal agenesis, the fetal MRI was able to 
detect the kidneys. Fetal MRI was able to distin-
guish between PUV and PBS by detecting the 
dilated posterior urethra in all cases of PUV and 
no posterior urethral dilation in the PBS cases. 
The authors suggest that fetal MRI has advan-
tages in pregnancies with signifi cant oligohy-
dramnios and cases where evaluation of the 
perineum is important [ 102 ]. MRI can be a use-
ful adjunct to ultrasound when the diagnosis is 
inconclusive on ultrasound [ 103 ].  

   Postnatal Evaluation 
 The postnatal evaluation strategy varies by the 
severity of antenatal fi ndings and presumed diag-
nosis. A detailed pregnancy and maternal history 
should be performed as well as a physical exami-
nation of the newborn for all infants with a 
CAKUT fi nding prenatally. In infants with severe 
oligohydramnios, the infant’s pulmonary func-
tion and efforts toward pulmonary resuscitation 
will be most important. Some CAKUT diseases 
will be obvious such as prune-belly syndrome or 
BEEC syndromes. 

 Postnatal radiologic evaluation of CAKUT 
diseases usually begins with abdominal ultraso-
nography. In infants with severe prenatal fi nd-
ings, oligohydramnios, an abnormal solitary 
kidney, or bilateral disease an ultrasound within 
the fi rst 24 h of life is appropriate. In infants with 
only unilateral involvement, it is recommended 
to perform ultrasonography after 48 h but within 
the fi rst week of life. The reason to wait 48 h is 
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  Fig. 9.55    Megacalycosis in a 15-year-old. Ultrasonography 
of megacalycosis ( upper left image ) will show an increased 
number of calyces as well as CT ( upper right image ). 
Perhaps the best demonstration of the increased number of 
calyces ( arrows ) is a plain fi lm obtained during excretory 

phase of CT scan ( lower left image ). In megacalycosis, 
diuretic renography typically demonstrates lack of obstruc-
tion with radiotracer washout ( arrows ) after diuretic admin-
istration ( lower right image )       
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that infants are relatively dehydrated, and sever-
ity of fi ndings such as hydronephrosis may be 
underestimated earlier. A VCUG is often per-
formed within the fi rst week of life in infants 
with severe fi ndings, oligohydramnios, an abnor-
mal solitary kidney, or those with severe disease. 
However, it is controversial whether a VCUG 
should be performed in infants with bilateral or 
unilateral low-grade hydronephrosis. If there is 
severe hydronephrosis or megaureter, a MAG3 
diuretic renal scan is often performed within the 

fi rst weeks of life to assess for obstruction. 
A static renal scan such as a DMSA scan can also 
be performed within the fi rst few weeks of life to 
evaluate for severity of dysplasia and differential 
function. In many cases of mild hydronephrosis, 
only serial ultrasounds are performed as the 
hydronephrosis is very likely to resolve sponta-
neously [ 61 ]. 

 Other imaging modalities such as MRI or CT are 
performed occasionally to evaluate complex 
CAKUT malformations. However, ultrasonography, 

  Fig. 9.56    Classic bladder exstrophy. The fi ndings on pre-
natal ultrasound done at 20 weeks included a small penis 
( arrow ) with no bladder visualized ( upper left image ). 
A prenatal MRI performed at 21 weeks visualized the 
abdominal wall defect with the herniated bladder ( circle ) 

typical of classic bladder exstrophy ( upper right image ). 
The bottom image shows the appearance just prior to sur-
gical reconstruction at 3 weeks of age with a small, wide 
penis with epispadias and abdominal wall defect with 
open bladder       
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VCUG, and radionuclide renal scans remain the 
main imaging modalities for postnatal evaluation of 
CAKUT diseases.   

   Diagnosis of CAKUT Diseases 
in Childhood or Adolescence 

   Ureteropelvic Junction Obstruction 
 The most common presentations of a UPJO in 
childhood or adolescence are episodes of pain 
called Dietl’s crises, after evaluation for UTI, 
after trauma, or incidentally. Usually, the fi rst test 
obtained is a renal ultrasound which shows dila-
tion of the renal pelvis and calyces, but not 
hydroureter as mentioned in previous sections. 
A MAG3 diuretic renal scan is then obtained to 
evaluate the kidneys for differential function and 
obstruction. In older children, the concern for a 
crossing lower-pole renal vessel is higher than in 
infants, so occasionally CT or MR angiography 
is sometimes obtained to look for lower-pole 
crossing vessels (Fig.  9.59 ).

      Vesicoureteral Refl ux 
 Vesicoureteral refl ux (VUR) is commonly found 
after a VCUG is performed in a child with a 
febrile UTI. Approximately 30–45 % of children 
with a febrile UTI will be found to have VUR 
[ 83 ]. VUR in childhood is more common in 
females and Caucasians [ 104 ]. Most cases of 
VUR resolve spontaneously with lower-grade 
VUR resolves at a higher rate than high-grade 
VUR [ 105 ]. VUR can be associated with renal 
scarring or dysplasia with higher grades of VUR 
having a higher risk of abnormalities seen on 
DMSA scan (Fig.  9.60 ).

  Fig. 9.57    Antenatal ultrasound of posterior urethral 
valves. This fetus had bilateral hydroureteronephrosis 
( upper image ); however, unilateral or no hydroureterone-
phrosis is also possible with posterior urethral valves. The 
bladder ( lower image ) had the typical appearance of pos-
terior urethral valves with a dilated posterior urethra 
( arrow ) known as the keyhole sign       

  Fig. 9.58    Postnatal VCUG of three different infants with posterior urethral valves. Vesicoureteral refl ux is also a com-
mon fi nding on VCUG       
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        Congenital Renal Vein Thrombosis 

 Congenital (neonatal) renal vein thrombosis 
(RVT) is a rare entity occurring in 2–3 infants per 
100,000 live births [ 106 ]. The exact etiology is 
often unclear, but perinatal dehydration and/or 
asphyxia are thought to be risk factors as well as 
hereditary prothrombotic states such as lupus anti-
coagulant, prothrombin gene mutations, factor V 
Leiden mutation, and others. Hereditary prothrom-
botic states are found in around 50 % of cases of 
RVT [ 107 ]. The classic presentation includes the 
triad of gross hematuria, palpable abdominal mass, 
and thrombocytopenia although a minority of 
patients present with the classic triad of fi ndings 
[ 108 ]. There is no consensus on the optimal man-
agement of neonates with RVT [ 107 ]. 

 Ultrasound is a common method for diagnos-
ing congenital RVT [ 107 ]. The kidneys affected 
by RVT are enlarged and with increased echo-
genicity and loss of corticomedullary differentia-
tion. In addition, a renal vein thrombus may be 
able to be seen on ultrasound. Blood fl ow in the 
main renal vein may still be present in kidneys 
with RVT, but an increased resistance to fl ow 
may be seen in the renal arteries. Given the 

 propensity for renal scarring with RVT, radionu-
clide scans are often used to assess the kidneys in 
follow-up.  

   Key Points to Remember 

•     Congenital anomalies of the kidney and uri-
nary tract are the most common causes of end- 
stage renal disease in childhood.  

•   Understanding the embryology of kidney 
development helps understand the pathology 
seen in CAKUT diseases.  

•   Anomalies in renal parenchymal development 
can result in renal dysplasia, renal hypoplasia, 
and cystic renal diseases including multicystic 
dysplastic kidney.  

•   Anomalies in renal fusion or ascent during 
development can result in ectopic kidneys, 
horseshoe kidneys, and crossed fused ectopic 
kidneys.  

•   Anomalies in collecting system development 
can result in ectopic ureter, vesicoureteral 
refl ux, ureteropelvic junction obstruction, ure-
terocele, megaureter, and other collecting sys-
tem anomalies.  

•   Anomalies in collecting system development 
are commonly associated with renal dysplasia.  

  Fig. 9.59    Three-dimensional reconstruction of CT angi-
ography images showing vascular supply to kidneys in a 
child with a history consistent with left UPJ obstruction. 
A lower-pole crossing vessel was detected on the left 
( arrow )       

  Fig. 9.60    DMSA scan of child with bilateral VUR dem-
onstrating renal scarring in upper and lower poles of right 
kidney and scarring in the lower pole of the left kidney       
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•   Anomalies in renal fusion or ascent are com-
monly associated with renal dysplasia and 
anomalies in collecting system development.  

•   Many CAKUT diseases are diagnosed prena-
tally by ultrasonography.  

•   Renal ultrasonography is the fi rst imaging 
modality for most CAKUT diseases with 
radionuclide scanning and voiding cystoure-
thrograms utilized frequently. MRI is increas-
ing in use for CAKUT diseases.        
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          Introduction 

 Obstructive uropathy is defi ned as a structural or 
functional restriction of urinary fl ow, which if 
left uncorrected will lead to impairment of renal 
function. There are numerous radiologic signs 
that suggest and help defi ne genitourinary 
obstruction. This chapter aims to describe the 
imaging modalities and fi ndings used to charac-
terize and diagnose genitourinary obstruction in 
specifi c pathologic entities.  

   Imaging Modalities 

   Ultrasound 

 Ultrasound is the mainstay of urinary tract evalu-
ation in children. It is noninvasive, easily per-
formed, relatively low in cost, and readily 
repeated as needed. A renal bladder ultrasound 

should be  performed in routine fashion evaluat-
ing size, echo architecture, corticomedullary dif-
ferentiation, collecting system appearance, and 
bladder characteristics. The highest-frequency 
transducer for the child’s size should be used, and 
subsequent focused imaging of regions of con-
cern with an even higher-frequency linear array 
transducer may demonstrate a specifi c abnormal-
ity in better detail. In the setting of obstruction, 
specifi c areas require more detailed evaluation. If 
there is hydronephrosis present, the calyceal con-
fi guration is important as to whether they are 
delicately confi gured or blunted and rounded. 
Attention should be paid to the ureteropelvic 
junction as to whether it can be followed into a 
dilated upper ureter or has an abrupt termination. 
In the setting of an extrarenal pelvis, there is dila-
tion of the renal pelvis with no extension into the 
calyceal system. 

 Ideally, the urinary bladder should be well dis-
tended before starting the study. Having the child 
well hydrated will facilitate adequate visualiza-
tion. In the case of infants and toddlers who are 
not potty trained, it is helpful to image the blad-
der fi rst in the exam so that the chance is not lost 
to image optimal distention. If the bladder is not 
distended at the beginning of the exam, it can 
then be reevaluated later in the exam after good 
hydration has refi lled it. Distal ureters are much 
better seen with a full bladder, and the uretero-
vesical junction can be most optimally scruti-
nized for an underlying abnormality. Normal 
nondilated ureters are not visualized, but it is 
essential to identify any dilated distal ureter to 
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help to determine the level of obstruction. The 
region from the renal pelvis to the bladder is the 
most diffi cult to image due to overlying bowel 
gas. The optimal method to visualize this area is 
imaging in the coronal plane from the fl ank often 
using the iliopsoas muscle as a window to avoid 
the bowel gas (Fig.  10.1 ).

      Prenatal Ultrasound 

 Perinatal urology has changed signifi cantly since 
the advances of prenatal ultrasound. Prenatal 
ultrasound is a noninvasive tool that can deter-
mine gestational age, fetal number, viability, pla-

cental location, and some fetal anomalies. 
Although prenatal ultrasound screening may 
detect congenital abnormalities, the benefi t of this 
knowledge in measured postnatal outcomes is 
unproven. The a priori deduction that early diag-
nosis can prevent future complications is contro-
versial, as in many cases, early diagnosis may 
lead to unnecessary interventions. Additionally, it 
can lead to signifi cant parental anxiety. 

 Although the use of prenatal ultrasound in 
diagnosing genitourinary abnormalities has not 
been proven to change postnatal outcome relative 
to renal function, more women are undergoing 
routine prenatal counseling and screening ultra-
sound [ 1 ].  

a

c d

b

  Fig. 10.1    Optimal evaluation by ultrasound requires 
identifi cation of the calyceal system, renal pelvis ( a ), the 
ureteropelvic junction, and as much of the upper ureter as 
possible ( b ). Transverse images of the bladder with the 

relationship of the distal ureter ( c ) and the ureterovesical 
junction ( d ) are shown.  U  ureter,  B  bladder,  UVJ  uretero-
vesical junction,  UPJ  ureteropelvic junction       
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   Diuretic Renogram 

 In addition to anatomic detail, it is important to 
determine the degree of obstruction and the rela-
tive function of the kidneys. The purpose of a 
diuretic renogram is to distinguish between non-
obstructive hydronephrosis and mechanically 
obstructed hydronephrosis (Figs.  10.2  and  10.3 ). 
Historically, the intravenous urogram was the 
study of choice, often requiring delayed images 
with dilute contrast in an attempt to identify the 
level of abnormality. The IVU has been replaced 
primarily by nuclear medicine as the functional 
modality of choice. Technetium-99m is the ideal 
agent because of availability, short half-life, 
 low- energy photopeak (140 keV), and ability to 
bind to agents such as MAG3 (mertiatide). 
Appropriate gamma camera and collimator are 
necessary. Because radioactive isotope is 
excreted into the bladder, care should be taken 
that the bladder is emptied by continuous blad-
der drainage or as soon as possible after the 

exam, especially in females where the ovaries 
are adjacent. This is aided by appropriate hydra-
tion. Because time is required to acquire images, 
swaddling of infants or sedation if the child can-
not cooperate may be necessary.

       Magnetic Resonance Urography 

 Magnetic resonance urography (MRU) is a 
more recently developed modality for evalua-
tion of the genitourinary tract, particularly with 
obstruction. Magnetic resonance imaging was 
fi rst introduced in 1986 [ 2 ]. MRU later came 
along and has been used to not only assess dif-
ferential function and drainage as with a diuretic 
renogram but also to provide anatomic detail of 
the kidneys and collecting system. MRU also 
avoids exposure to radiation and iodine contrast. 
Volumetric differential renal function (DRF) is 
calculated by comparing the volume of enhanc-
ing renal parenchyma of each kidney prior to 

a

c d

b

  Fig. 10.2    This Tc-99m Mag3 diuretic renogram demonstrates delayed emptying of the left renal pelvis on the pre 
diuretic urogram ( a ) and fl ow curve ( b)  but with improved excretion post diuretic ( c  and  d )       
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contrast excretion in the  kidneys. Gadolinium-
diethylenetriaminepentaacetate dimeglumine 
(Gd-DTPA) is the contrast used. Sequential imag-
ing allows for evaluation of contrast parenchymal 
concentration, excretion, and drainage [ 3 ]. The ana-
tomic detail of MRU is considered its main advan-
tage. With a variety of technical sequences, exquisite 
anatomic detail is possible. With administration of 
MR contrast agents, such as gadolinium, functional 
information is possible as well. With the addition of 
diuretics, dynamic information is obtained as with 
renal scintigraphy but with the additional benefi t of 
superior contrast, spatial, and temporal resolution. 
The major disadvantages are cost, access, and time 
required for imaging acquisition, necessitating seda-
tion in younger or certain disabled patients.  

   Computed Tomography 

 Computed tomography is a modality that pro-
vides excellent anatomic detail. With intrave-
nous contrast, it also performs the additional 

role of a functional modality. Non-contrast CT 
has become the modality of choice for the 
detection of calculi in adults. Contrast CT can 
demonstrate a delayed nephrogram, as was 
seen with intravenous urography, or, with 
delayed images, can illustrate the detail of the 
etiology of the obstruction such as mass, stric-
ture, or congenital abnormality. Radiation 
exposure to children from CT scans can be 
quite high, and evaluation by alternative imag-
ing procedures when possible is the recom-
mended approach to evaluation.  

   Fluoroscopy/Voiding 
Cystourethrogram 

 The voiding cystourethrogram remains the best 
imaging modality to diagnose bladder outlet 
obstruction because it defi nes the anatomy of the 
bladder, bladder neck, and urethra. Imaging of 
the urethra is best obtained during the voiding 
phase of the VCUG. 

a

c d

b

  Fig. 10.3    If the degree of obstruction at the UPJ is sig-
nifi cant, there will not be appreciable excretion of the iso-
tope before or after diuretic administration. Here, the post 

diuretic images ( c ) and fl ow chart ( d ) show little change 
from pre diuretic ( a  and  b )       
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 It can, however, result in signifi cant radiation 
exposure. Advances in equipment development 
now allow varying degrees of pulsed fl uoroscopy 
in which the X-ray beam is functioning only 
intermittently rather than continuously. In addi-
tion, “fl uoro store” is a function where the image 
on the monitor screen can be stored without 
requiring additional spot fi lm exposures.   

   Use of Imaging Modalities in 
Specifi c Pathologic Entities 

   Prenatal Hydronephrosis 

 Prenatal hydronephrosis, or dilation of renal col-
lecting system, is the most common abnormality 
detected on prenatal ultrasound. It is estimated 
that antenatal hydronephrosis is detected in 
1–5 % of all pregnancies [ 4 ]. There are many eti-
ologies of prenatal hydronephrosis, including 
transient and non-transient hydronephrosis, 
upper tract and lower tract obstruction, and vesi-
coureteral refl ux (VUR) (Table  10.1 ).

   The Society for Fetal Urology (SFU) catego-
rizes antenatal hydronephrosis in the second and 
third trimester based on the pelvic anterior- 
posterior diameter (APD), which is obtained in 
the axial plane (Table  10.2 ). Factors that infl u-
ence APD are maternal hydration, gestational 
age, and degree of bladder distension [ 5 – 8 ]. The 
degree of hydronephrosis has been shown to cor-
relate with an increasing risk of certain postnatal 

pathology, such as ureteropelvic junction 
obstruction and posterior urethral valves 
(Table  10.3 ).

     In assessing the genitourinary system of a 
fetus on prenatal ultrasound, it is important to not 
only identify the presence of hydronephrosis but 
also to further characterize the kidneys, ureters, 
bladder, and urethra (Fig.  10.4 ). In examining the 
kidney, one should note their size, single or 
duplex collecting system, echogenicity of the 
renal parenchyma, presence of hydronephrosis, 
and presence of cystic structures. All of this 
information can suggest specifi c diagnoses.

   The echogenicity of a fetal kidney should be 
less than that of the liver and spleen. The medul-
lary pyramids should be lucent. Increased echo-
genicity can suggest dysplasia or high-grade 
obstruction and is commonly seen in multicystic 
dysplastic kidney (MCDK) and in autosomal 
recessive polycystic kidney disease (ARPKD). 
Hydronephrosis can be due to transient or non- 
transient physiologic hydronephrosis, obstruc-
tion, or vesicoureteral refl ux (VUR). Cystic 
structures in the renal parenchyma may be 

   Table 10.1    The etiology of ANH   

 Etiology  Incidence (%) 

 Transient hydronephrosis  41–88 
 UPJ obstruction  10–30 
 VUR  10–20 
 UVJ obstruction/megaureters  5–10 
 Multicystic dysplastic kidney  4–6 
 PUV/urethral atresia  1–2 
 Ureterocele/ectopic ureter/duplex 
system 

 5–7 

 Others: prune belly syndrome, cystic 
kidney disease, congenital ureteric 
strictures, and megalourethra 

 Uncommon 

  Modifi ed from Nguyen et al. [ 4 ]  

   Table 10.2    Defi nition of ANH by APD   

 Degree of ANH 
 Second trimester 
(mm) 

 Third trimester 
(mm) 

 Mild  4 to <7  4 to <9 
 Moderate  7 to ≤10  9 to ≤15 
 Severe  >10  >15 

  Modifi ed from Nguyen et al. [ 4 ]  

   Table 10.3    Risk of specifi c postnatal pathologic condi-
tions by the degree of ANH   

 % ANH [95 % CI] 

 Mild  Moderate  Severe 

 UPJ  4.9 
[2.0–11.9] 

 17.0 
[7.6–33.9] 

 54.3 
[21.7–83.6] 

 VUR  4.4 
[1.5–12.1] 

 14.0 
[7.1–25.9] 

 8.5 
[4.7–15.0] 

 PUV  0.2[0.0–1.4]  0.9[0.2–2.9]  5.3[1.2–21.0] 
 Ureteral 
obstruction 

 1.2 
[0.2–8.0] 

 9.8 
[6.3–14.9] 

 5.3 
[1.4–18.2] 

 Other  1.2 
[0.3–4.0] 

 3.4 
[0.5–19.4] 

 14.9 
[3.6–44.9] 

  Other: prune belly syndrome, VATER syndrome, solitary 
kidney, renal mass, and unclassifi ed 
 Modifi ed from Nguyen et al. [ 4 ]  
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 confused for hydronephrosis. Cysts, however, do 
not communicate with one another and can be a 
sign of MCDK or autosomal dominant polycystic 
kidney disease (ADPKD). 

 Normal ureters are not seen on prenatal ultra-
sound. The presence of a dilated structure 
between the kidneys and the bladder or the pres-
ence of cystic structures posterior to the bladder 
on transverse imaging suggests dilated ureters. 
Dilated ureters can be seen with VUR, various 
types of megaureters, duplication anomalies 
including ureterocele, and bladder outlet 
obstruction. 

 It is also important to evaluate the bladder on 
prenatal ultrasound. Increase in size or the pres-
ence of a thick bladder wall can indicate bladder 
outlet obstruction. In the case of posterior ure-
thral valves, the posterior urethra as well as the 
bladder is distended giving a “keyhole” 
confi guration. 

 Postnatally, the voiding cystourethrogram is 
the best imaging modality to diagnose bladder 
outlet obstruction because it defi nes the anatomy 
of the bladder, bladder neck, and urethra during 
its voiding phase. In bladder outlet obstruction, 
the bladder wall is usually thickened, and a 
VCUG can demonstrate a trabeculated appear-
ance to the bladder wall or bladder diverticula. 
Fluoroscopy can also help determine whether 
hydroureteronephrosis is secondary to obstruc-
tion or due to vesicoureteral refl ux. A dilated, 

thick-walled bladder or severely enlarged bladder 
is highly suggestive of bladder outlet obstruction, 
including posterior urethral valves, urethral atre-
sia, congenital urethral stricture, or urethral 
polyp. It can also be the result of extrinsic com-
pression of the bladder outlet as with hindgut 
duplication anomalies or pelvic masses. The 
presence of a cystic structure within the bladder 
can be a sign of a ureterocele, which is most com-
monly associated with duplication and can cause 
obstructive uropathy and hydronephrosis. 

 Although the use of prenatal ultrasound in 
diagnosing genitourinary abnormalities has not 
been proven to change postnatal renal function, 
prenatal ultrasound imaging can be viewed as a 
way of preparing for the postnatal diagnosis and 
management. The 2010 Society for Fetal Urology 
guidelines recommend a follow-up postnatal 
ultrasound within the fi rst week of life or earlier 
in cases of bilateral hydronephrosis, hydrone-
phrosis in a solitary kidney, or suspected bladder 
outlet obstruction [ 4 ].  

   Upper Tract Obstruction: 
Ureteropelvic Junction and 
Obstructed Megaureter 

 Ureteropelvic junction obstruction is the most 
common cause of hydronephrosis. These patients 
are commonly diagnosed with prenatal hydrone-
phrosis. Although increasing size of the AP diam-
eter correlates with the risk of obstruction, the 
presence of hydronephrosis does not defi nitively 
diagnose obstruction. However, the presence of 
hydronephrosis without ureteral dilation can be 
suggestive of ureteropelvic junction obstruction 
(Fig.  10.5 ).

   Megaureter is a term to describe a dilated ure-
ter measuring >7 mm regardless of the etiology. 
The dilation does not necessarily mean there is an 
obstruction, as megaureters are classically cate-
gorized as obstructive, refl uxing, obstructive and 
refl uxing, and nonobstructive and nonrefl uxing. 
Primary obstructed megaureters are thought to be 
caused by an aperistaltic distal segment of the 
ureter that prevents urine from fl owing at a nor-
mal rate. Secondary obstructed megaureters can 

  Fig. 10.4    A coronal image of a fetus demonstrates sig-
nifi cant hydronephrosis of the right with cortical thinning 
( RK ) and moderate hydronephrosis on the left with more 
substantial cortex ( LK )       
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be due to elevated intravesical pressures in the 
setting of bladder outlet obstruction or bladder 
dysfunction. 

 Ultrasound is a noninvasive tool to image the 
kidneys and the bladder, and it is usually the ini-
tial study in any child with a suspected genitouri-
nary abnormality. Although ultrasound may not 
image normal-sized ureters well, it can easily 
identify dilated ureters, especially posterior to a 
fl uid-fi lled bladder. It is commonly the primary 
means of diagnosing megaureter. 

 Ultrasound has not been considered a 
 dependable way to assess for obstruction because 
it does not evaluate function or drainage of the 
kidney, as other modalities such as diuretic urog-
raphy. In order to improve the predictive value of 
ultrasound in the diagnosis of obstruction, Cost 
et al. compared the renal parenchymal and pelvi-
caliceal area measurements to diuretic renogra-
phy and found that a ratio of less than 1.6 
correlates with obstruction [ 9 ]. 

 Resistive index (RI), defi ned as the highest 
systolic velocity minus the lowest diastolic 
velocity divided by the peak systolic velocity, is 
also an objective measurement on ultrasound that 
may be indicative of obstruction. An RI of ≥0.75 
suggests obstruction [ 10 ,  11 ]. An advantage to 
using RI in diagnosing obstruction is its noninva-
sive nature. However, resistive indices can be 
elevated in the setting of dehydration, medical 

renal disease, and decreased absolute blood fl ow, 
as in the case of young children or in chronic 
high-grade obstruction. 

 The Whitaker test is a pressure-fl ow study 
involving percutaneous insertion of a catheter 
into the renal pelvis with infusion of fl uid at 
10 mL/s into the kidney. The high fl ow rate is 
easily tolerated in a nonobstructed system. In 
obstructed systems, however, the pressure will 
rise above 12 cm H 2 O. This test, however, is inva-
sive and not widely used except in equivocal situ-
ations [ 12 ,  13 ]. 

 Intravenous urography was once commonly 
used to diagnose UPJ obstruction with retained 
contrast in the collecting system on delayed 
imaging indicating obstruction. This, however, 
was replaced by radionuclide diuretic renogra-
phy, which can assess differential renal function 
and presence of obstruction by evaluating the 
ability of the pelvis and ureter to drain in response 
to a diuresis. The results of diuretic renograms 
are infl uenced by multiple patient factors, includ-
ing hydration status, renal function and its ability 
to respond to the diuretic, and state of bladder 
fullness. In addition, there is variability in the 
procedure between institutions, making it diffi -
cult to compare results. Effort has been made to 
standardize the technique. The Society for Fetal 
Urology and the Pediatric Nuclear Medicine 
Council described the “well-tempered” diuretic 
renogram, which included patient prehydration, 
placement of a bladder catheter for decompres-
sion, and the use of weight-based dose of 
technetium- 99m mercaptoacetyltriglycine 
(MAG3) and furosemide [ 14 ]. Furosemide is 
administered after the renogram phase 
 (20–30 min) or when the entire collecting system 
is full. Static images at 5-min intervals are then 
taken. The time-activity curve is plotted out and 
pelvic T1/2 clearance time is calculated. A wash-
out T1/2 of <10 min suggests a nonobstructed 
renal unit, T1/2 10–20 min is indeterminate, and 
>20 min suggests the system is obstructed. 

 Ureteral strictures and fetal folds, commonly 
associated with hydronephrosis, can be seen on 
MRU, eliminating the need for a retrograde 
pyelogram performed in the operating room. 
Also, other ureteral abnormalities such as ecto-

  Fig. 10.5    With upper tract dilation, all attempts should 
be made to identify whether there is an abrupt termination 
of the dilation at the ureteropelvic junction, as in this case 
( arrow ), or whether there is extension into a dilated ureter. 
 UPJ  ureteropelvic junction       
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pia and duplication can be very well character-
ized on MRU, especially on delayed contrast 
imaging or T2-weighted imaging. Megaureter is 
easily diagnosed, as fl uid-fi lled structures are 
well defi ned on T2-weighted imaging. 
T1-weighted imaging can defi ne more subtle 
fi ndings such as small diverticula and small ure-
teroceles. Renal transit time (RTT) is defi ned as 
the time of contrast passage from the cortex into 
the ureter below the renal pelvis. A normal RTT 
is ≤245 s, equivocal is 245–490 s, and obstruc-
tive is >490 s [ 15 ]. Disadvantages of MRU are 
the need for sedation in children of preschool 
age and younger; possible, although rare, adverse 
reaction to gadolinium; inability to perform with 
metallic foreign bodies/implants; and its signifi -
cant cost. 

 Although the voiding cystourethrogram 
(VCUG) is viewed as the primary imaging 

modality for diagnosing vesicoureteral refl ux and 
characterizing the anatomy of the urethra, certain 
fi ndings on a VCUG can suggest presence of a 
ureteropelvic junction obstruction. There are 
often normal caliber ureter and dilution of con-
trast in an obstructed hydronephrotic renal pelvis 
or retained contrast in the renal pelvis on the 
postvoid images (Fig.  10.6 ).

      Duplicated Collecting Systems 

 In the absence of hydronephrosis, a duplicated 
collecting system may be diffi cult to diagnose. 
A total renal length greater than the opposite kid-
ney or longer than would be expected by age or 
body size may give a clue. Renal tissue separat-
ing perisinus fat or minimal amounts of collect-
ing system fl uid may be another. If, however, 

a

c

b

  Fig. 10.6    VCUG images demonstrating refl ux into bilateral ureters ( a ) with contrast in a hydronephrotic renal pelvis 
on the right ( b ,  arrow ). Image ( c ) demonstrating a dilated renal pelvis, suspicious for a UPJ obstruction       
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there is any collecting system dilatation, a more 
detailed evaluation is imperative. 

 If there is an abnormality, the upper pole is 
likely dilated secondary to obstruction. The 
dilated ureter should be followed, and if it can-
not be visualized in its entirety, its lower extent 
can be evaluated relative to the bladder, i.e., 
whether there is a ureterocele present and where 
its insertion is located. If there are isolated 
upper pole hydronephrosis and a normal blad-
der, the ureter is most likely inserting into an 
ectopic location. Therefore, the dilated ureter 
should be followed as distally as possible to 
attempt to identify its ectopic insertion. 
Transperineal ultrasound images may localize 

the ectopic termination of the ureter as being 
into the urethra or into the vagina. 

 MRU can be used to assess the anatomy of the 
ureters in the setting of a duplicated system. It is 
especially useful in assessing the distal ureteric 
anatomy and insertion into the bladder or ectopic 
location (Fig.  10.7 ) [ 16 ].

      Ureterocele 

 A ureterocele is a cystic dilation of the distal 
ureter. With improving prenatal ultrasound 
 technique and imaging, ureteroceles can be 
detected prenatally. While most ureteroceles 

a b

  Fig. 10.7    When a dilated upper pole system does not ter-
minate in a ureterocele within the bladder, MRU is an 
excellent modality for identifying its course and termina-
tion. In this example, the duplicated system on the right 
( a ) shows a normal lower pole collecting system and 

dilated upper pole system. With a distended bladder ( B ), 
the termination is not visualized. In fi gure ( b ), which is 
postvoid, the termination ( arrow ) can be seen extending 
below the level of the bladder       
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are associated with the upper pole of a dupli-
cated system, some are associated with a single 
system ureter (Fig.  10.8 ).

   Ultrasound is usually the most common imag-
ing modality used to characterize ureteroceles, as 
the intravesical wall of the ureterocele can usu-
ally be seen. Although most ureteroceles are well 
visualized with proper ultrasound imaging, it can 
sometimes be diffi cult to assess a ureterocele in 
the setting of an overdistended bladder, as the 
ureterocele may become effaced, or in the setting 
of an empty bladder, where the wall of the ure-
terocele can be confused with the wall of the 
bladder. 

 Voiding cystourethrography is often per-
formed in the setting of a duplicated system to 
rule out vesicoureteral refl ux. A ureterocele can 
be detected during the early fi lling phases of a 

VCUG as a well-circumscribed, smooth fi lling 
defect in the bladder.  

   Bladder Outlet Obstruction 

 Bladder outlet obstruction can be a devastating 
urologic diagnosis in a pediatric patient, as it 
often affects the prenatal development of the 
entire urinary tract proximal to the level of 
obstruction. Additionally, it can also secondarily 
affect the development of the pulmonary system. 
It is often due to a congenital abnormality of the 
urethra. Posterior urethral valves (PUV) are the 
most common congenital urethral abnormality. 
However, there are other anomalies including 
anterior urethral valves, congenital urethral stric-
tures, and urethral polyps (Fig.  10.9 ). Extrinsic 

a b

c

  Fig. 10.8    Renal ultrasound ( a ) demonstrates dilation of 
the upper pole collecting system ( arrow ) and a normal 
lower pole system. A dilated tortuous ureter is often evi-

dent on coronal image obtained from the fl ank ( b ), and the 
ureterocele ( UR ) is seen on the transverse image of the 
bladder ( c )       
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compression of the bladder neck and proximal 
urethral can also lead to bladder outlet obstruc-
tion. This can occur with hindgut duplication 
anomalies, pelvis masses (Fig.  10.10 ), or a large 
bladder diverticulum (Fig.  10.11 ).

     Now that prenatal screening ultrasound is 
more commonly done, bladder outlet obstruction 
is often diagnosed on prenatal ultrasound imag-
ing. Signs that suggest bladder outlet obstruction 
are bilateral hydroureteronephrosis, a distended 
bladder and posterior urethra, oligohydramnios, 
and increased renal echogenicity. Kaefer et al. 
demonstrated that 87.5 % of PUV patients dem-
onstrated increased renal echogenicity on prena-
tal ultrasound at a mean gestational age of 26 
weeks. Patients who did not have an obstructive 
process did not show increased renal echo-
genicity [ 17 ]. 

 In posterior urethral valves, the bladder neck 
is often noted to be elevated, there is a dilated 
posterior urethra, and the valve leafl ets can be 
identifi ed (Fig.  10.12 ). Unilateral or bilateral ves-
icoureteral refl ux can be present in patients with 
bladder outlet obstruction [ 18 ,  19 ].

      Nephrolithiasis and Acute Urinary 
Obstruction 

 There is an increasing incidence of kidney stones 
in children in the United States [ 20 ,  21 ]. The 

a b

  Fig. 10.9    Urethral polyps are an example of bladder out-
let obstruction. Ultrasound image demonstrates a thick-
walled bladder and a density at the bladder base ( a , 

 arrow  = polyp). VCUG shows the polyp in the bladder 
extending up from the urethra ( b ). Vesicoureteral refl ux 
also seen       

  Fig. 10.10    Because of the superb tissue contrast of MRI, 
relationships of structures are extremely well defi ned. In 
this young boy with a pelvic Ewing’s sarcoma ( broad 
arrows ), the compression of the bladder ( B ) and bladder 
neck ( narrow arrows ) is well defi ned       
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a b

  Fig. 10.11    Ultrasound demonstrating a bladder and a large diverticulum ( a ,  D  diverticulum,  B  bladder). VCUG in ( b ) 
demonstrating two large diverticula with the left obstructing of the bladder neck ( D  diverticulum,  B  bladder)       

  Fig. 10.12    With bladder outlet obstruction from poste-
rior urethral valves, the bladder wall will be thickened on 
ultrasound ( a ). The bladder develops a keyhole confi gura-
tion in the sagittal plane secondary to a dilated posterior 

urethra ( b ,  B  bladder,  arrows  = dilated posterior urethra), 
and VCUG demonstrates abrupt caliber change at the 
level of the valves in the posterior urethra ( c , 
 arrow  = valves)       
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 non- contrast computed tomography (NCCT) 
scan is the gold standard for diagnosis of kidney 
stones in the adult population. The exposure to 
radiation, however, is a signifi cant concern in the 
pediatric population. There is evidence that 
shows not only an increased risk of radiation-
induced cancer for pediatric patients with 
repeated radiation exposure and increased total 
lifetime radiation exposure, but there is also evi-
dence demonstrating that the younger the age of 
initial exposure, the greater the lifetime risk of 
radiation-induced cancer. 

 The benefi t of CT is that even small calcifi ed 
calculi are easily identifi able within the kidney as 
well as along the course of the ureter. Within the 
pelvis, there can be confusion at times with 

phleboliths; this, however, is not a signifi cant 
problem in the pediatric age group. Perirenal or 
periureteric edema may be seen with acute high- 
grade obstruction. Small calculi within the kid-
ney that may be easily apparent by CT may be 
diffi cult to identify by ultrasound (Fig.  10.13 ). 
They may not be dense enough to shadow and, if 
adjacent to peripelvic fat, may be of similar den-
sity. Dense segments of interlobar arteries can be 
confusing as they may have similar density. One 
feature that can at times be helpful is to use color 
Doppler. A stone with this method produces a 
“twinkle” artifact. Larger more dense calculi will 
produce posterior shadowing and are more easily 
identifi ed.

   Ureteral calculi which are easily seen on CT 
are the most diffi cult to localize on ultrasound. 
Adequate hydration and a distended urinary 
 bladder may make it possible to visualize espe-
cially calculi at or just above the ureterovesical 
junction (Fig.  10.14 ). Imaging from a fl ank 
approach may identify a ureteral calculus in the 
mid to upper ureter.

   Symptoms of renal colic are due to acute 
obstruction of the upper urinary tract, and the 
presence of hydronephrosis is easily identifi ed 
using ultrasound imaging. However, the ureters 
are often not well seen, and, therefore, ultrasound 
may be nondiagnostic in up to 40 % of pediatric 
stone patients [ 22 ]. Most childhood calculi in 
North America are calcium oxalate and, there-
fore, are radio-opaque [ 23 ]. Consequently X-ray 
imaging, or KUB, can be used to assess the loca-
tion and size of the stone. The combination of 
ultrasound and KUB is often used as opposed to 
NCCT in order to prevent increased radiation 
exposure. Johnson et al. evaluated pediatric 
patients who underwent NCCT imaging in addi-
tion to ultrasound and KUB for the diagnosis of 
nephrolithiasis and found that KUB and ultra-
sound are suffi cient for diagnosis in 90 % of 
patients who required surgical treatment for 
stones [ 24 ].      

a

b

     Fig. 10.13    Any opaque calculus, even quite small, is evi-
dent on CT ( arrow  in  a ), whereas the same calculus may 
not as easily be seen on ultrasound when it is too small to 
produce shadowing and is adjacent to perisinus fat ( arrow  
in  b )       

 

10 Renal Imaging: Hydronephrosis and Renal Obstruction



212

   References 

    1.    Mallik M, Watson AR. Antenatally detected urinary 
tract abnormalities: more detection but less action. 
Pediatr Nephrol. 2008;23:897.  

    2.    Dietrich RB, Kangarloo H. Kidneys in infants and chil-
dren: evaluation with MR. Radiology. 1986;159:215–21.  

    3.    Cerwinka WH, Kirsch AJ. Magnetic resonance urogra-
phy in pediatric urology. Curr Opin Urol. 2010;20:323–9.  

        4.       Nguyen HT, Herndon CD, Cooper C, Gatti J, Kirsch 
A, Kokorowski P, Lee R, Peres-Brayfi eld M, Metcalf 
P, Yerkes E, Cendron M, Campbell JB. The Society 
for Fetal Urology consensus statement on the evalua-
tion and management of antenatal hydronephrosis. 
J Pediatr Urol. 2010;6(3):212–31.  

    5.    Anderson N, Clautice-Engle T, Allan R, Abbott G, 
Wells JE. Detection of obstructive uropathy in the 

fetus: predictive value of sonographic measurements 
of renal pelvic diameter at various ages. AJR Am J 
Roentgenol. 1995;164:719.  

   6.    Babcook CJ, Silvera M, Drake C, Levine D. Effect of 
maternal hydration on mild fetal pyelectasis. 
J Ultrasound Med. 1998;17:539.  

   7.    Robinson JN, Tice K, Kolm P, Abuhamad AZ. Effect 
of maternal hydration on fetal renal pyelectasis. 
Obstet Gynecol. 1998;92:137.  

    8.    Leung VY, Chu WC, Metreweli C. Hydronephrosis 
index: a better physiological reference in antenatal 
ultrasound for assessment of fetal hydronephrosis. 
J Pediatr. 2009;154:116.  

    9.    Cost GA, Merguerian PA, Cheerasarn SP, Shortliffe 
LM. Sonographic renal parenchymal and pelvi-
caliceal areas: new quantitative parameters for 
renal sonographic follow-up. J Urol. 1996;156: 
725–9.  

a

c

b

  Fig. 10.14    Ultrasound should be the fi rst examination 
performed in children with a suspected calculus to dem-
onstrate the presence of hydronephrosis ( a ) and shadow-
ing of the left distal ureteral calculus ( b ,  arrow  = calculus) 
visualized through a full bladder ( B ). Non-contrast CT is 

the exam of choice in adults when evaluating for urinary 
calculi but should be utilized in children when ultrasound 
has failed. An example is shown here ( c ) in a child with a 
distal left ureteral calculus ( arrow )       

 

L.M. Aguiar et al.



213

    10.    Gilbert R, Garra B, Gibbons MD. Renal duplex 
Doppler ultrasound: an adjunct in the evaluation of 
hydronephrosis in the child. J Urol. 1993;150: 
1192–4.  

    11.    Platt IF, Rubin JM, Ellis HM, DiPietro MA. Duplex 
Doppler US of the kidney: differentiation of obstruc-
tive from nonobstructive dilatation. Radiology. 
1989;1:515–17.  

    12.    Whitaker RH. Methods of assessing obstruction in 
dilated ureters. Br J Urol. 1973;45:15–22.  

    13.    Whitaker RH. Equivocal pelvic-ureteric obstruction. 
Br J Urol. 1976;47:771–9.  

    14.    Conway JJ, Maizels M. The “well tempered” diuretic 
renogram: a standard method to examine the asymp-
tomatic neonate with hydronephrosis or hydrouretero-
nephrosis. J Nucl Med. 1992;33:2047–51.  

    15.    Jones RA, Perez-Brayfi eld MR, Kirsch AJ, Grattan- 
Smith JD. Renal transit time with MR urography in 
children. Radiology. 2004;233:41–50.  

    16.    Avni FE, Nicaise N, Hall M. The role of MR imaging 
for the assessment of complicated duplex kidneys in 
children: preliminary report. Pediatr Radiol. 2001;31: 
215–23.  

    17.    Kaefer M, Peters CA, Retik AB, Benacerraf BR. 
Increased renal echogenicity: a sonographic sign for 

differentiating between obstruction and nonobstruc-
tive etiologies of in utero bladder distension. J Urol. 
1997;158:1026–9.  

    18.    Churchill BM, McLorie GA, Khoury AE, et al. 
Emergency treatment and long-term follow-up of pos-
terior urethral valves. Urol Clin North Am. 1990;17: 
343.  

    19.    Hoover DL, Duckett JW. Posterior urethral valves, 
unilateral refl ux, and renal dysplasia: a syndrome. 
J Urol. 1982;128:994.  

    20.    Stapleton FB. Childhood stones. Endocrinol Metab 
Clin North Am. 2002;31:1001.  

    21.    Sas DJ, Hulsey TC, Shatat IF, Orak JK. Increasing 
incidence of kidney stones in children evaluated in the 
emergency department. J Pediatr. 2010;157:132.  

    22.    Palmer JS, Donaher ER, O’Riordan M, Dell KM. 
Diagnosis of pediatric urolithiasis: role of ultrasound 
and computerized tomography. J Urol. 2005;174: 
1413–16.  

    23.    Stapleton FB. Clinical approach to children with uro-
lithiasis. Semin Nephrol. 1996;16:289.  

    24.    Johnson EK, Faerber GJ, Roberts WW, Wolf JS, Park 
JM, Bloom DA, Wan J. Are stone protocol computed 
tomography scans mandatory for children with sus-
pected urinary calculi. Pediatr Urol. 2011;78:662.      

10 Renal Imaging: Hydronephrosis and Renal Obstruction



215L.S. Palmer, J.S. Palmer (eds.), Pediatric and Adolescent Urologic Imaging, 
DOI 10.1007/978-1-4614-8654-1_11, © Springer Science+Business Media New York 2014

           Pediatric Tumors of the Kidney 

 Renal tumors are uncommon in children. Advances 
in genetic mapping, surgical staging, and che-
motherapy have increased cure rates of malig-
nant lesions signifi cantly over the past 20 years. 
Imaging is vital in these cases for making the ini-
tial diagnosis or differential diagnosis as well as 
for proper staging which will drive the surgical 
management as well as for follow-up after chemo-
therapy and/or radiation therapy.  

    Wilms’ Tumor 

    Etiology and Presentation 

 Wilms’ tumor, also known as nephroblastoma, is 
the second most common intra-abdominal cancer 
in childhood [ 1 ] and accounts for over 95 % of all 
pediatric renal tumors [ 2 ]. There is an annual 

 incidence of 500 cases in the United States with 
roughly 75 % of cases occurring in children less 
than 5 years of age [ 1 ]. The peak incidence occurs 
in years 2 and 3 of life [ 1 ]. The most common pre-
sentation is that of an incidental palpable abdomi-
nal mass [ 3 ]. Approximately 5 % of patients present 
with bilateral synchronous disease [ 1 ]. Although 
Wilms’ tumor is rarely invasive, it commonly 
adheres to the surrounding organs [ 1 ]. Local exten-
sion into the vena cava and atrium can occur in 
approximately 5 % [ 1 ]. Metastases occur in approx-
imately 12 % of patients at time of diagnosis with 
lungs being the most common site [ 1 ]. 

 Survival for all stages of Wilms’ tumor exceeds 
90 % owing largely to the multi- cooperative stud-
ies of the National Wilms’ Tumor Study (NWTS) 
and the International Society of Paediatric 
Oncology (SIOP). The main prognostic variables 
include histopathologic tumor classifi cation 
(favorable vs. unfavorable) and tumor stage [ 1 ]. 

 Two genes have been identifi ed whose presence 
predisposes to Wilms’ tumor development: FWT1 
at 17q12–q21 and FWT2 at 19q13 [ 3 ]. Patients  
with familial syndromes and more likely to present 
with bilateral tumors and present at a younger age. 
They are also at a higher risk for renal insuffi ciency 
[ 3 ].  WT1  is necessary for normal renal and gonadal 
growth, but heterozygous deletions in  WT1  are 
linked to WAGR (Wilms’ tumor, Aniridia, Genital 
anomalies, mental Retardation) and Denys-Drash 
syndrome (male pseudo- hermaphroditism, renal 
mesangial sclerosis, and nephroblastoma) [ 3 ]. 
Mutations at  WT2  can lead to a number of over-
growth syndromes including hemihypertrophy 
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and Beckwith-Wiedemann syndrome (hemihyper-
trophy, nephromegaly, macroglossia) where the 
risk of nephroblastoma is 4–10 % with 21 % of 
children presenting with bilateral disease [ 3 ].  

    Histopathology 

 Grossly, Wilms’ tumor appears as a large, bulky, 
soft, gray, or tan, solid mass surrounded by a 
pseudocapsule of compressed renal parenchyma. 
There may be foci of hemorrhage, necrosis, and 
cyst formation. Tumors usually arise from the 
periphery of the kidney sparing the central col-
lecting system [ 4 ]. In some cases, an infi ltrative 
growth pattern with a resultant ill-defi ned and 
poorly marginated mass is seen [ 5 ]. Average 
tumor size is approximately 11 cm [ 5 ]. Local 
extension into the perinephric fat, renal vein, and 

hilar lymph nodes is not uncommon [ 5 ]. Rarely, 
fat may comprise a majority of the tumor [ 5 ]. 

 Microscopically, classic Wilms’ tumor is char-
acterized by the presence of three cell types: blas-
temal, epithelial, and stromal [ 6 ]. Occasionally, 
the tumor has biphasic or monophasic patterns in 
which a single cell line is identifi ed. Anaplasia, 
characterized by marked enlargement of nuclei 
(at least three times the diameter of adjacent 
cells), hyperchromatism of the enlarged nuclei, 
and multipolar mitotic fi gures, may occur locally 
or diffusely, denotes unfavorable histology, and 
portends a worse prognosis.  

    Imaging (Figs.  11.1  and  11.2 ) 

     Preoperative imaging plays a vital role in the 
 management of Wilms’ tumor. The NWTS protocol 

  Fig. 11.1    Wilms’ tumor. Grayscale ultrasound of the 
right kidney ( a ). Large heterogeneous echogenic soft tis-
sue mass arising from right upper pole, with small cystic 
regions representing necrosis. Surrounding hypoechoic 
edge representing pseudocapsule. Color ultrasound of the 
IVC ( b ). Focal expansion of infrahepatic IVC by large 
heterogeneous fi lling defect representing neoplastic vas-

cular invasion. Flow seen cranial to tumor thrombus. CT 
Abdomen, axial corticomedullary phase ( c  and  d ) Large 
heterogeneously enhancing upper-pole mass in the right 
kidney, with distortion of the right renal artery. Soft tissue 
expansion of the transhepatic IVC with tumor. Tc99m 
MDP bone scintigraphy ( e ). Abnormal, asymmetric renal 
uptake in right kidney         

a b

dc

 

D. Prabharasuth et al.



217

advocates imaging prior to radical nephrectomy and 
adjuvant therapy, while SIOP advocates neoadju-
vant chemotherapy based on initial imaging [ 7 ]. 
Recent reports indicate a diffi culty in the accurate 
clinical staging of localized Wilms’ tumor when 
compared to pathologic results [ 7 ]. 

 Ultrasound is usually the fi rst imaging modal-
ity in the diagnosis of intra-abdominal masses 
given its safety profi le. US may demonstrate an 
echogenic mass that is partially surrounded by a 
hypoechoic rim representing the pseudocapsule of 
Wilms’ tumor which is composed of normal com-
pressed renal parenchyma [ 8 ]. US may  demonstrate 

a tumor mass of mixed echogenicity with exten-
sive surrounding necrosis. Calcifi cation appears as 
areas of hyperechogenicity with  shadowing [ 8 ]. 
IVC involvement and regional adenopathy may be 
detected by US although it is less sensitive than 
CT [ 8 ]. 

 CT is the primary imaging modality for staging. 
On nonenhanced CT imaging, Wilms’ tumor 
appears as a large heterogeneous mass, less dense 
than the surrounding normal kidney [ 5 ]. Low- 
density areas correspond to areas of necrosis and 
small areas of intrarenal calcifi cation may be identi-
fi ed. After administration of intravenous contrast, 
Wilms’ tumors show slight enhancement, a pseudo-
capsule that is usually sharply defi ned, and areas of 
necrosis that fail to demonstrate signifi cant uptake of 
contrast [ 5 ]. In infi ltrative cases of Wilms’ tumor, 
CT demonstrates an ill-defi ned mass that completely 
replaces the kidney with almost no normal paren-
chyma identifi ed. CT scan may identify regional 
adenopathy; however, it cannot reliably differentiate 
reactive from malignant changes. Tumor staging by 
CT is also likely to overestimate intrarenal disease 
(stage I) for local extrarenal extension (stage II) [ 7 ]. 

 On MRI, Wilms’ tumor appears as a large, 
solid renal tumor. The tumor appears heteroge-
neous with intermediate signal intensity on 
T1-weighted images and high signal intensity on 
T2-weighted images. Variable signal intensity 
may be due to necrosis, hematoma, or fat. After 
administration of contrast, the inhomogeneity of 
the tumor increases. A sharp demarcation of 
tumor tissue and renal parenchyma can be seen as 
a pseudocapsule which appears hypointense on 
T2-weighted sequences. As with CT, local tumor 
staging has proved diffi cult with MRI. Lymph 
node metastases can be diffi cult to differentiate 
from reactive changes. Tumor invasion into the 
renal vein or IVC can be seen on T2 imaging as a 
high signal surrounded as a fi lling defect on post-
contrast T1 imaging [ 9 ].   

    Nephroblastomatosis 

    Etiology and Presentation 

 Nephrogenic rests refer to the persistence of fetal 
renal embryonic tissue beyond 36 weeks of 

e

Fig. 11.1 (continued)
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 gestation. It is present in approximately 1 % of 
infant kidneys at autopsy [ 10 ]. The presence of 
diffuse or multiple nephrogenic rests is termed 
nephroblastomatosis [ 10 ]. Most nephrogenic rests 
undergo spontaneous involution; however, malig-
nant transformation to Wilms’ tumor represents 

approximately 30–40 % of Wilms’ tumor precur-
sor lesions [ 10 ]. 

 Nephrogenic rests may occur in different areas 
of the kidney, intralobar or perilobar. Intralobar 
nephrogenic rests occur less commonly than the 
perilobar type but are more often associated with 

a

c

b

  Fig. 11.2    Wilms’ tumor, blastemal cell type. CT abdomen 
and pelvis, axial ( a ) and coronal ( b ) nephrographic phase. 
Multilobular homogeneously enhancing soft tissue mass 
arising from the left kidney, with claw sign and distortion of 

the renal hilum. Retroperitoneal lymph adenopathy in the 
left periaortic region. Renal vein and IVC patent. CT abdo-
men and pelvis, coronal in lung window. ( c ) Several small 
peripheral pulmonary nodules consistent with metastases       
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development of Wilms’ tumor [ 10 ]. Intralobar 
nephrogenic rests present with neoplastic changes 
at a younger age compared to the perilobar type 
(median 16 vs. 36 months) [ 10 ]. Intralobar neph-
rogenic rests are typically found in conjunction 
with Wilms’ tumor on imaging, while perilobar 
nephrogenic rests are more often diffuse present-
ing as unilateral or bilateral fl ank masses [ 10 ]. 

 Perilobar nephrogenic rests are linked to 
abnormalities in  WT2  and may be associated with 
Beckwith-Wiedemann syndrome and hemihyper-
trophy. Intralobar nephrogenic rests are linked to 
abnormalities in  WT1  and may be associated with 
WAGR, Denys-Drash syndrome, and sporadic 
aniridia. Almost 100 % of patients with sporadic 
aniridia have intralobar nephrogenic rests and 
20 % have perilobar rests [ 10 ].  

    Histopathology 

 Nephrogenic rests are less than 3 cm in diameter 
and appear as tan nodules within the normal renal 
parenchyma. In the diffuse form, nephroblasto-
matosis appears as white plaques replacing much 
of the renal parenchyma or may form a discrete 
rind at the kidney periphery. Perilobar nephro-
genic rests are found only in the cortex or at the 
corticomedullary junction. The margins are irreg-
ular and indistinct and may interdigitate with nor-
mal adjacent renal interstitium. Perilobar rests are 
composed predominantly of blast cells. Intralobar 
rests, in contrast, can be located anywhere within 
the renal parenchyma, and the predominant cell 
type is either stromal or epithelial [ 10 ].  

    Imaging 

 Nephroblastomatosis appears on imaging as dis-
crete foci or as diffuse areas of the kidney [ 11 ]. 
On ultrasound, foci appear as homogeneously 
isoechoic or slightly hypoechoic areas compared 
to the normal renal cortex. In the diffuse form, 
nephroblastomatosis appears as a peripheral rim 
that is homogenous and hypoechogenic com-
pared to the normal renal parenchyma. Because 
of the similar echogenicities of nephrogenic rests 

and renal cortex, it may be diffi cult to demon-
strate nephrogenic rests smaller than 1–2 cm in 
diameter on ultrasound [ 11 ]. 

 On unenhanced CT, nephrogenic foci appear 
as isodense or slightly hyperdense areas com-
pared to renal cortex. Small lesions are nearly 
impossible to identify. After contrast administra-
tion, foci appear as homogenous, hypodense 
lesions because of poor contrast uptake [ 11 ]. 
Isolated nephrogenic rests have a nodular appear-
ance and enhance less than the adjacent renal 
parenchyma. If numerous, they may cause the 
surface of the kidney to appear lobulated [ 10 ]. In 
the diffuse form, the surrounding rim of nephro-
blastomatosis appears as homogenously 
hypodense areas compared to the renal cortex 
(Figs.  11.3  and  11.4 ) [ 11 ].

    On MRI, nephrogenic foci appear as isoin-
tense or slightly hypointense to the renal cortex 
on T1- and T2-weighted images. After gadolin-
ium enhancement, the lesions remain homoge-
neously hypointense compared to the bright 
enhancing renal cortex [ 11 ]. 

 In differentiating Wilms’ tumor from nephro-
blastomatosis, the latter demonstrates near uni-
form homogeneity, while the former appears 
heterogenous on CT and MRI imaging especially 
after contrast or gadolinium administration 
(Fig.  11.5 ) [ 10 – 12 ].

        Renal Medullary Carcinoma 

    Etiology and Presentation 

 Renal medullary carcinoma (RMC) is a rare 
and fatal pediatric renal tumor that typically 
affects children of African descent with the 
sickle cell trait or SC disease. Patients pres-
ent at 11–39 years with a 3:1 male predilection 
between 11 and 24 years and then without gen-
der predilection subsequently. RMC most com-
monly presents as hematuria and less commonly 
as fl ank or abdominal pain or a palpable abdomi-
nal mass. Approximately 70 % of lesions occur 
on the right side [ 13 ]. The lesion is thought to 
arise from the collecting system and it grows to 
invade the surrounding vascular and lymphatic 
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 structures [ 14 ]. Metastatic disease to the liver, 
lung, and omentum is often present at diagnosis. 
Mean time to survival after diagnosis is approxi-
mately 15 weeks [ 15 ].  

    Histopathology 

 Grossly, RMC is a lobulated, tan, fi rm, or rub-
bery mass with variable degrees of hemorrhage 

a b

c

d

  Fig. 11.3    Nephroblastomatosis. CT abdomen, axial and 
coronal, before ( a  and  b ) and after ( c  and  d ) chemother-
apy. Peripheral lobular homogeneous hypodense rim of 
soft tissue masses in the right kidney, with enlargement of 

the right kidney and pelvicaliectasis. Solitaire small round 
soft tissue mass mid left renal pole. Successful response 
to chemotherapy with interval reduction of tumor bulk in 
bilateral kidneys       
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and necrosis. The lesion has a dominant medul-
lary location and extends into a large portion of 
the renal parenchyma. Invasion into the sur-
rounding calyces or pelvis, vascular, lymphatic, 

and perinephric tissue is often present. Micro-
scopically, RMC demonstrates stromal desmo-
plasia and infl ammation. Satellite lesions are 
present throughout the renal cortex and pelvic 
soft tissue. Cells have a dark cytoplasm, clear 
nuclei, and prominent nucleoli. Hemorrhage and 
necrosis are often present.  

    Imaging 

 There are only a few reported cases of ultrasound 
fi ndings for RMC given its rarity [ 13 ,  16 ,  17 ]. 
Sonogram may detect a heterogenous, hyper-
echoic renal mass [ 17 ] occupying the renal pelvis 
and most of the renal cortex [ 16 ]; however, others 
have found ultrasound to be unreliable [ 13 ]. 

 CT imaging demonstrates an infi ltrative, cen-
trally located tumor with caliectasis. Low attenu-
ation areas correspond to areas of necrosis. 
Hemorrhage, retroperitoneal adenopathy, and 
metastases are often present. After administra-
tion of contrast, renal medullar carcinoma dem-
onstrates heterogeneous contrast enhancement 
with preservation of the surrounding renal 
contour. 

 MRI demonstrates similar fi ndings to CT but 
is superior in detecting liver metastases, intratu-
moral hemorrhage [ 13 ], and possibly lymphade-
nopathy [ 16 ].   

  Fig. 11.4    Nephroblastomatosis with bilateral Wilms’ 
tumor. CT abdomen, coronal excretory phase: Several 
large masses arising off both kidneys, some with increased 
heterogeneous soft tissue components compatible with 
Wilms’ tumors       

a b

  Fig. 11.5    Nephroblastomatosis. MRI abdomen, axial T2 
fat saturation with high resolution ( a ) and CT abdomen, 
corticomedullary phase 7 months later ( b ). Focal perilo-
bar multilocular T2 hyperintense cystic mass in the right 

moiety of a horseshoe kidney, with interval replacement 
and development of large soft tissue tumor arising from 
the same location compatible with malignant transforma-
tion of a nephroblastic rest into a Wilms’ tumor       
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    Clear Cell Sarcoma  of the Kidney 

    Etiology and Presentation 

 Clear cell sarcoma of the kidney is classifi ed as 
an “unfavorable histology” tumor in the National 
Wilms’ Tumor Study Group (NWTSG) [ 18 ]. 
Kidd recognized it as a distinct entity and also 
noted its proclivity to metastasize to bone [ 18 ]. 
Clear cell sarcoma of the kidney may present as a 
palpable abdominal mass, as hematuria, or as 
increasing abdominal girth [ 19 ]. Approximately 
50 % of cases are diagnosed between years 2 and 
3 of life. Mean age at diagnosis is 36 months 
(range 2 months–14 years) [ 4 ]. It shows a 2:1 
male to female predominance [ 4 ]. 

 Approximately 25 % of patients present with 
stage I disease, 37 % present as stage II disease, 
34 % present as stage III disease, and 4 % present 
with distant metastases [ 4 ]. There are no reported 
incidences of bilateral disease. Ipsilateral renal 
hilar lymph node metastases are the most com-
mon site of advanced disease at presentation 
occurring in up to 29 % [ 4 ]. Bone metastases are 
the most common site of disease relapse, but 
other sites include the lung, abdomen, retroperi-
toneum, brain, and liver [ 4 ]. Long-term follow-
 up is warranted as approximately 20 % of patients 
will present with metastases 3 years or more after 
time of diagnosis. Prognostically, four indepen-
dent variables affect overall survival: stage at pre-
sentation (stage 1 >98 %), treatment with 
doxorubicin, patient age, and the absence of 
necrosis [ 4 ].  

    Histopathology 

 Grossly, clear cell sarcomas are large, tan-gray, 
soft, mucoid unicentric tumors that distort or 
nearly completely replace the kidney [ 4 ]. They 
have a well-circumscribed appearance with sharp 
kidney-tumor borders. Necrosis and hemorrhage 
are commonly present [ 4 ]. Cystic foci are present 
in nearly all cases. Mean size of tumor is 11.3 cm 
(range 2.3–24 cm) and mostly the common site 
of origin is the renal medulla. Microscopically, 
the classic pattern can be described as cords of 

plump cells separated by fi brovascular septa, 
with indistinct cell borders and open chromatin. 
Cord cells are loosely spaced and separated by 
extracellular mucopolysaccharide matrix. In 
addition to the classic appearance, many tumors 
demonstrate a second morphology that may 
seamlessly blend with the classic pattern [ 4 ].  

    Imaging 

 Radiologically, clear cell sarcoma of the kidney 
appears as a focal mass with a dominant soft tis-
sue component with areas of necrosis [ 19 ]. 
Ultrasonography demonstrates an inhomoge-
neous pattern of soft tissue echoes and echo-poor 
areas that correspond to necrosis. Multiple 
anechoic areas correspond to septated cystic 
spaces. This may account for the bulk of the 
tumor and may make differentiation from multi-
locular cystic nephroma or cystic Wilms’ variant 
diffi cult [ 19 ]. Specular echoes corresponding to 
calcifi cations may also be seen. 

 After contrast administration, CT imaging dem-
onstrates a heterogeneous tumor with attenuation 
less than that of normal renal parenchyma. Necrotic 
areas are clearly evident and calcifi cations or hem-
orrhage may also be demonstrated [ 19 ].   

    Rhabdoid Tumor of the Kidney 

    Etiology and Presentation 

 Rhabdoid tumor of the kidney was originally cat-
egorized as an unfavorable histological subtype 
of Wilms’ tumor [ 6 ] but was separated out as a 
distinct entity in 1998 [ 20 ]. Malignant rhabdoid 
tumor of the kidney is one of the most aggressive 
pediatric renal tumors and accounts for approxi-
mately 2 % of all pediatric renal tumors with 
80 % occurring under the age of 2 years [ 21 ]. 

 These tumors present as a palpable abdominal 
mass, hematuria, or fever [ 22 ] and sometimes 
with hypercalcemia [ 20 ]. Median age at diagno-
sis is 11 months and occurs more frequently in 
males (3:2). Extrarenal extension is commonly 
seen [ 23 ] and those presenting with metastases 
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(lung and liver) die of disease progression [ 4 ]. 
Rhabdoid tumors are associated (up to 10 %) 
with the development of synchronous or meta-
chronous primary tumors of the central nervous 
system [ 23 ]. Most brain lesions are reported as 
medulloblastoma, but other diagnoses include 
primitive neuroectodermal tumors, ependymoma, 
or gliomas [ 20 ].  

    Histopathology 

 Grossly, rhabdoid tumors resemble a bulky mass, 
largely replacing the kidney with preservation of 
a thin rim of peripheral renal tissue. Well- 
circumscribed boundaries [ 23 ] are not commonly 
seen and they frequently invade [ 23 ]. Mean 
tumor size at time of diagnosis is approximately 
9.6 cm (range 3–17 cm). The tumor is soft, fria-
ble, gray to pink tan in color with focal areas of 
necrosis and hemorrhage. The tumor tends to 
occupy the central portion of the kidney with 
involvement of the renal hilar structures. The 
renal vein is often fi lled with tumor, and involve-
ment of the renal pelvis occurs in some. Most 
specimens show capsular invasion, intrarenal and 
intrapelvic involvement, and infi ltration of the 
renal sinus. 

 Microscopically, rhabdoid tumor of the kid-
ney shows a wide range of morphological diver-
sity. Rhabdoid cells are large with centrally 
placed nucleoli and abundant cytoplasm with 
prominent cytoplasmic inclusions [ 20 ]. The clas-
sical variant shows sheets of solid large, ovoid to 
polygonal cells, with abundant eosinophilic cyto-
plasm, intracytoplasmic inclusions, and conspic-
uous nucleoli [ 20 ].  

    Imaging 

 CT imaging demonstrates a heterogeneous, lob-
ular, hilar tumor with central hypodense areas 
corresponding to necrosis and hemorrhage 
(Fig.  11.6 ) [ 22 ]. Calcifi cation appears linearly 
and tends to outline the tumor lobule. Crescent- 
shaped hypodense areas in the periphery of the 
kidney outline tumor nodules and correspond 

pathologically to subcapsular hematoma. CT 
often demonstrates extension into adjacent 
structures such as the renal vein and inferior 
vena cava. Distant metastases to the lung may 
also be present on preoperative imaging. 
Imaging of the head sometimes demonstrates a 
synchronous CNS lesion which is not commonly 
seen in other pediatric renal tumors.

        Renal Cell Carcinoma 

    Etiology and Presentation 

 Renal cell carcinoma (RCC) accounts for less 
than 4 % of pediatric renal tumors [ 24 ]. The 
median age at diagnosis is 9–12 years [ 25 ] with-
out gender predilection [ 26 ]. Most patients pres-
ent asymptomatically [ 25 ,  26 ]. Symptomatic 
patients may have hematuria, fl ank pain, or a pal-
pable abdominal mass. The overall survival rate 
for children nears 50–60 % but approaches 90 % 
for those with lower tumor stage. Metastases 
(lungs, bones, liver, or brain) occur in approxi-
mately 20 % [ 14 ] and demonstrate survival of 
approximately 10–15 % at 5 years [ 25 ]. 

 Whereas the  von Hippel-Lindau (VHL)  gene 
is implicated both in familial and sporadic cases 
of clear cell RCC in adults, recent reports suggest 

  Fig. 11.6    Rhabdoid tumor. CT abdomen, axial late 
nephrographic phase: large heterogeneously enhancing 
mass in the left kidney (claw sign) with central necrosis 
and possible hemorrhage (Courtesy of Dr. Richard D. 
Bellah, MD at Children’s Hospital of Philadelphia)       
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that this mutation is largely absent in children 
[ 25 ]. Translocation carcinomas have recently 
emerged as the predominant subtype of renal 
cell carcinoma in children. One such transloca-
tion t(X;17)(p11.2;q25) leads to a fusion of the 
transcription factor gene  TFE3  with the  ASPL  
gene on 17q25. Another translocation t(X;1)
(p11.2;q21) leads to a fusion  TFE3  transcription 
factor gene on Xp11.2 with the  PRCC  gene at 
1q21.2.  

    Histopathology 

 Histologically, RCC are characterized into clear 
cell, papillary, and chromophobe carcinoma, 
as in adults. Most tumors are surrounded by a 
pseudocapsule and angioinvasion is common. 
Microscopically, translocation carcinomas contain 
tumor cells resembling conventional clear cell car-
cinoma but may have areas of papillary features, 
granular eosinophilic cytoplasm, and calcifi cations 
[ 26 ]. The architecture may vary but is predomi-
nantly solid, tubular, acinar, or alveolar with a hya-
linized stroma demonstrating focal infl ammatory 
infi ltrates. Cells have voluminous clear cytoplasms 
with bulging cell borders [ 24 ]. Nuclei are vesicu-
lar, moderately pleomorphic, and wrinkled [ 24 ].  

    Imaging 

 RCC commonly appears as large, heterogenous 
enhancing masses on CT imaging. Many tumors 
show internal or adjacent hemorrhage, internal 
calcifi cations, and neovascularity. On MRI, 
tumors commonly demonstrate heterogeneous 
enhancement and intratumoral hemorrhage.   

    Congenital Mesoblastic Nephroma 

    Etiology and Presentation 

 Congenital mesoblastic nephroma (CMN) is the 
most common pediatric renal tumor diagnosed 
within the fi rst 3 months of age [ 26 ], and roughly 
90 % are diagnosed within the fi rst year of life. 
The tumor shows a male to female predominance 

of 2:1 [ 26 ]. CMN most commonly presents as a 
palpable abdominal mass, gross hematuria, or as 
an incidental fi nding on prenatal sonography. 
Hypertension and hypercalcemia may occur. 

 Two morphologic variants exist: classic and 
cellular. The classical type carries a better progno-
sis, while the cellular variant has been shown to 
invade perirenal fat, adjacent organs, and the renal 
vein and has also been shown to recur locally [ 27 ]. 
Mixed variants, composed of elements of classic 
and cellular, have also been described. The classic 
variant is usually diagnosed in the neonatal period, 
while the cellular variant presents at a later date 
and is typically larger [ 28 ].  

    Histopathology 

 Grossly, the classic variant appears as a solid, 
fi rm, light yellow mass with no capsule and 
poorly defi ned margins, resembling uterine 
leimyoma [ 14 ,  26 ]. The cellular variant tends to 
be soft and fl eshy, with areas of hemorrhage or 
necrosis [ 28 ]. Other aggressive features of the 
cellular variant include invasion of surrounding 
structures such as the colon, small bowel, and 
pancreas, vascular invasion, tumor thrombus, and 
extension into the perihilar connective tissue [ 28 ]. 

 The classic variant can be described as fi bro-
blastic spindle cells arranged in bundles and fasci-
cles that infi ltrate the renal parenchyma [ 26 ]. There 
is low cellularity and atypia is absent [ 28 ]. The cel-
lular variant is characterized by increased cellular-
ity, vacuolated cytoplasm [ 28 ], plump cells with 
increased nuclear pleomorphism, a high nuclear/
cytoplasmic ratio, and frequent mitotic fi gures 
[ 27 ]. The tumor cells are larger, fusiform to ovoid, 
and arranged in sheets with less well-defi ned bun-
dles [ 28 ]. The tumor cells may be surrounded by a 
highly vascular hyalinizing stroma [ 28 ].  

    Imaging 

 On prenatal ultrasound, CMN can appear as an 
enlargement of the kidney [ 29 ] or as a large 
 heterogeneous echogenic mass [ 30 ] that can 
sometimes be diffi cult to discern from the normal 
renal parenchyma [ 29 ] (Fig.  11.7 ). It is  commonly 
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associated with fetal hydrops and polyhydram-
nios [ 29 ]. After birth, CMN appears as a mass 
with a central poor echoic area surrounded by a 
thin echogenic rim (ring sign) [ 28 ]. This corre-
sponds pathologically to dilated blood vessels at 
the periphery of the tumor [ 27 ] (Fig.  11.8a ).

    On nonenhanced CT, CMN appears as a large 
heterogeneous mass with areas of high attenua-
tion which correspond to areas of hemorrhage. 
After contrast administration, CT demonstrates a 
heterogeneous mass with enhancement of the 
solid component and areas of cystic and necrotic 
changes (Fig.  11.8b ). Pathologically, the cellular 
variant is more likely to be identifi ed if preopera-
tive CT reveals cystic and hemorrhagic areas, 
while the classic variant is more likely to be a 
large, uniform, soft tissue mass [ 27 ]. 

 MRI before gadolinium administration shows 
solid components with low signal intensity on T1 
and high signal intensity on T2 [ 27 ]. High signal 
intensity on T1 corresponds to areas of hemor-
rhage. After administration of gadolinium, MRI 
demonstrates variable heterogeneous enhance-
ment of the solid components.   

    Multilocular Cystic Renal Tumor 

    Etiology and Presentation 

 Multilocular cystic renal tumor refers to two 
entities that cannot be distinguished on the 
basis of gross pathology or radiologic fi ndings. 

Multilocular cystic renal tumor is a benign lesion 
composed of multiple noncommunicating cysts 
separated by septa devoid of any blastemal or 
other embryonal elements. Partially differentiated 
cystic nephroblastoma refers to a predominant 
cystic lesion where the septa contain blastemal 
or other embryonal elements. Multilocular cystic 
partially differentiated nephroblastoma is typi-
cally a benign lesion; however, local recurrence 
after nephrectomy may occur. The etiology is 
unclear, but there are several hypotheses. If there 
are associated nodules of tumorous tissues, the 
multicystic lesion should be considered malig-
nant. The prognosis for these malignancies is 
better than their corresponding non-cystic tumors 
(i.e., Wilms’ tumor and RCC). 

     Fig. 11.7    Mesoblastic nephroma. Fetal ultrasound. 
Large hypo- to isoechoic mass in the renal bed (Courtesy 
of Dr. Richard D. Bellah, MD at Children’s Hospital of 
Philadelphia)       

a

b

  Fig. 11.8    Mesoblastic nephroma. Grayscale ultrasound 
( a ) large hypoechoic mass in the left renal bed, with 
peripheral cystic areas, possibly representing blood ves-
sels and/or necrosis. CT abdomen ( b ), axial corticomedul-
lary phase. CT demonstrates homogeneous enhancement 
of the left hilar mass distorting and lateral displacing the 
left kidney       
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 Multilocular cystic renal tumor presents most 
commonly as a painless abdominal mass [ 31 ]. It 
shows a bimodal distribution (3 and 25 years) 
affecting males more commonly than females dur-
ing childhood, with a ratio of 2:1 and 8:1 in adults.  

    Histopathology 

 Grossly, multilocular cystic renal tumor can be 
described as a solitary, well-circumscribed multi-
septated renal lesion containing noncommunicat-
ing fl uid-fi lled loculi surrounded by a thick 
capsule (rind-like) compressing a thin rim of 
renal parenchyma. Both the capsule and the sep-
tations may be thick. The actual cystic spaces 
may not be very large. Grossly, the lesions may 
range in size from several millimeters to several 
centimeters. Mean size is 9.7 cm. The malignant 
spectrum of this cystic mass tends to be much 
larger and may be as big as 20 cm. Calcifi cations 
may be seen within the septa or mass wall. 
Hemorrhage, necrosis, and calcifi cation are 
uncommon. 

 Microscopically, in multilocular cystic nephroma, 
the cysts are lined by fl attened, cuboidal, or hob-
nail epithelium. In the well- differentiated, benign 
subtype, the septa consist of fi brous tissue without 
blastemal elements. In contrast, the septa in cystic 
partially differentiated nephroblastoma contain blas-
temal cells.  

    Imaging 

 Multilocular cystic nephroma and multilocular 
partially differentiated cystic nephroblastoma 
cannot be distinguished radiographically. On 
ultrasound, the kidney appears as a multilocu-
lated mass with thin septa. The renal parenchyma 
can be compressed by the renal mass forming a 
thin rim of parenchyma (beak sign). 

 On nonenhanced CT, multilocular cystic renal 
tumors appear as sharply circumscribed, multi-
septated renal mass. Occasionally, the mass may 
appear solid when the cysts come in close 
approximation. The interior of the cysts show 
attenuation that is consistent with water. With 
contrast, the septations may enhance; however, 

the contrast does not accumulate within the indi-
vidual cysts (Fig.  11.9 ).

   On MRI, the septa and renal capsule appear as 
low signal intensity on T1-weighted images. The 
septa enhance after gadolinium administration. 
On T2-weighted images, the fl uid contents of the 
cyst display high signal intensity (Fig.  11.10 ).

        Metanephric Adenoma 

    Etiology and Presentation 

 Metanephric adenoma is typically a benign renal 
lesion presenting as an incidental, usually unilat-
eral fi nding on imaging [ 32 ,  33 ]. If symptomatic, 
metanephric adenoma may present as a palpable 
mass, abdominal or fl ank pain, or hematuria [ 32 ]. 
An association with polycythemia is reported in 
approximately 10 % of cases [ 34 ]. Metanephric 

a

b

  Fig. 11.9    Multilocular cystic renal tumor (1.5-year-old 
male). Color Doppler ultrasound ( a ) and axial CT ( b ) late 
nephrographic phase. Large multilocular cystic lesion, 
without internal vascularity. Lesion resulting in distortion 
and splaying of the left kidney. No accumulation of con-
trast on delayed imaging (not shown)       

 

D. Prabharasuth et al.



227

adenoma most commonly occurs in females with a 
mean age of 41 (range 5–83 years). It demonstrates 
a female to male ratio of approximately 2:1 [ 32 ].  

    Histopathology 

 Grossly, metanephric adenoma appears as a well- 
circumscribed, solid, gray to tan to yellow tumor 

that is soft to fi rm [ 32 – 34 ]. Tumors may contain 
areas of hemorrhage, necrosis, or cystic degenera-
tion [ 34 ]. Calcifi cation may occur scattered 
throughout the tumors, in the cyst walls, or in the 
center of the tumor [ 32 ]. Most tumors are sur-
rounded by a distinct capsule; however, some dem-
onstrate a discontinuous or absent capsule [ 32 ]. 

 Microscopically, these tumors are composed 
predominantly of small uniform epithelial cells 

a b

c

e

d

  Fig. 11.10    Multilocular cystic renal tumor. Grayscale 
( a ) and power Doppler ( b ) ultrasound kidneys. Several 
multilocular cystic lesions in both kidneys, at least three 
in the left, with thin avascular septations. CT abdomen, 

sequential axial images in nephrographic phase. ( c ,  d , and 
 e ) Bilateral multilocular cystic masses, with herniation of 
the right lesion into the renal pelvis       
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separated by an acellular stroma [ 32 ,  34 ]. In about 
50 % of cases, papillary structures are observed 
which consist of polypoid fronds or papillary 
infoldings forming a glomeruloid appearance 
[ 34 ] and are frequently calcifi ed [ 32 ]. Cells dem-
onstrate little cytoplasm with irregular rounded or 
ovoid nuclei with delicate chromatin [ 32 ,  34 ]. 
Nucleoli are not prominent and  pleomorphism 
and mitotic fi gures are typically absent [ 32 ,  34 ].  

    Imaging 

 On ultrasound, metanephric adenomas appear as 
hypo-, iso-, or hyperechoic tumors compared to 
adjacent renal cortex. Color Doppler reveals no 
vascular fl ow in the tumor [ 33 ]. 

 On unenhanced CT, tumors demonstrate higher 
attenuation than the adjacent renal parenchyma. 

With the addition of contrast enhancement, tumors 
typically demonstrate a lower attenuation than the 
renal parenchyma refl ecting the hypovascular 
nature of these tumors. Areas of calcifi cations can 
frequently be seen. 

 On MRI, both T1- and T2-weighted images 
demonstrate lower signal intensity than the renal 
parenchyma even with the addition of gadolin-
ium (Fig.  11.11 ).

        Angiomyolipoma 

    Etiology and Presentation 

 Renal angiomyolipomas (AML) are benign neo-
plasms composed of adipose tissue, thick-walled 
blood vessels, and smooth muscle in varying 
amounts. The arteries in AMLs are defi cient in 

a

c
d

b

  Fig. 11.11    Metanephric adenoma. MRI abdomen, axial 
T2 fat saturated ( a ), coronal T2 ( b ), axial ( c ), and coronal 
( d ) T1 GRE fat saturated post contrast. Large heteroge-
neous T2 isointense masses in renal cortex arising from 

the upper pole of the left kidney, with central cystic com-
ponents. Decreased enhancement relative to remaining 
kidney post contrast       
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the internal elastic membrane and are conse-
quently torturous and prone to aneurysmal for-
mation and rupture [ 35 ]. Approximately 10 % of 
patients with AML are associated with tuberous 
sclerosis complex (TS), and up to 80 % of patients 
with TS develop AML. Deletions of tumor sup-
pressor genes located on chromosomes 9 (TSC1) 
and 16 (TSC2) are believed to cause AML 
growth. 

 Patients with TS are more likely to have 
numerous bilateral tumors that present at an 
earlier age and which exhibit increasing size 
with age [ 36 ,  37 ]. Patients with TS demonstrate 
three renal phenotypes: AML, renal cysts, and 
renal carcinoma with AML being the most 
common phenotype [ 38 ]. Many patients with 
AMLs less than 4 cm in size present inciden-
tally on imaging [ 35 ,  39 ,  40 ]. Lesions larger 
than 4 cm commonly present with acute fl ank 
or abdominal pain, palpable mass, or hematuria 
[ 39 ]. In some cases, patients may present with 
Wunderlich syndrome, shock secondary to ret-
roperitoneal bleeding [ 38 ]. AMLs are believed 
to be prone to rupture  secondary to the dysplas-
tic elastic tissue leading to aneurysmal forma-
tion [ 14 ]. 

 Recently, a more aggressive subtype of AML, 
termed epithelioid, has been described. Tumor 
size at presentation is much larger than in the 
classical type [ 35 ]. At presentation, epithelioid 
AMLs may be seen invading local structures such 
as the renal vein or inferior vena cava or may 
present with distant metastases.  

    Histopathology 

 Grossly, AML is classically described as having 
a mahogany brown appearance. Microscopically, 
AMLs contains dysmorphic vascular tissue, 
smooth muscle, and mature adipose tissues in 
variable proportions [ 40 ]. The epithelioid variant 
has a large component of polygonal epithelioid 
cells which can vary in size. Mitotic activity may 
be seen. Abnormal vessels and fat, in contrast to 
the classic counterpart, are rarely seen in the epi-
thelioid variant [ 38 ].  

    Imaging 

 On ultrasonography, AML classically appears as 
a hyperechoic lesion with posterior acoustic 
shadowing. The hyperechogenicity is due to the 
high fat content, multiple tissue interfaces of the 
tumor, and the extensive vascular tissue present 
[ 40 ]. The difference in acoustic impedance 
between fat and muscle causes further scatter and 
adds to the effect (Fig.  11.12 ) [ 35 ].

   On CT, AML appears as a fatty heteroge-
neous mass with varying amounts of tissue den-
sity. Hounsfi eld units of −10 or less correlate to 
fat content. Surrounding hemorrhage located 
within or adjacent to a lesion may be seen and 
appears as a hyperdense, nonenhancing collec-
tion on CT [ 35 ]. 

 On MRI, AMLs appear hyperintense on both 
T1- and T2-weighted images due to the fat 

a b

  Fig. 11.12    Angiomyolipomas.  Grayscale  ultrasound, right kidney ( a  and  b ). Innumerable small round echogenic foci 
compatible with fat containing lesions in a patient with underlying tuberous sclerosis       
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 content with subsequent signal loss on fat sup-
pressed images [ 40 ]. In-and-out-of-phase 
T1-weighted images enhance the ability to detect 
fat, by utilizing two artifacts: India ink and chem-
ical shift artifacts. The India ink artifact occurs 
when there is a loss of fat-water interface due to 
the presence of fat and water protons within the 
same voxel [ 35 ]. The chemical shift artifact 
occurs because of the difference in precession 
frequency between fat and water, resulting in 
high and low signals in the frequency encoding 
direction on out-of-phase imaging. Imaging of 
the brain will demonstrate the presence of tubers 
(Fig.  11.13 ).

   Fat poor AMLs present a diagnostic dilemma 
as they may resemble other renal lesions such as 
RCC. On ultrasound, fat poor AMLs are isore-
fl ective to renal parenchyma as they lack fat and 
a fat-muscle interface. The use of biphasic helical 
CT (unenhanced, corticomedullary, and early 
excretory phase) scanning may help differentiate 
fat poor AML from RCC [ 35 ]. On MRI, lipid 
poor AML demonstrates homogenous enhance-
ment and prolonged enhancement pattern. The 

use of T2-weighted images may aid in the diag-
nosis of AML versus RCC, as muscle appears 
hypointense on T2 imaging, whereas RCC 
appears hyperintense.   

    Renal Manifestation of Lymphoma 

 This is an extremely rare primary tumor in chil-
dren and is noted exclusively with non- Hodgkin’s 
lymphoma [ 41 ]. Reported cases have presented 
with bilateral or unilateral nephromegaly 
(Fig.  11.14 ). Further work-up is usually associ-
ated with anemia and/or renal insuffi ciency or 
failure. Treatment consists of bilateral biopsy of 
the masses and subsequent port placement and 
chemotherapy.

       Renal Manifestation of Leukemia 

 Like lymphoma, primary renal presentation of 
leukemia is extremely rare in children. There are 
very few diagnoses that are made on the basis of 

a b

  Fig. 11.13    Tuberous sclerosis. MRI brain, axial FLAIR 
( a ) and axial GRE ( b ): multiple subcortical FLAIR hyper-
intense cortical tubers. Small subependymal nodule, with 

susceptibility artifact, near the foramen of Monroe. 
Enhancement of nodule raises the possibility of giant cell 
astrocytoma (not shown)       
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bilateral renal masses alone [ 42 ]. Leukemic infi l-
tration of the kidney is secondary to systemic dis-
ease. Reported presenting signs include anemia, 
tachycardia, neutrophilia, elevated sedimentation 
rate and increased C-reactive protein, abdominal 
distention, and urinary tract infection [ 43 ]. The 
kidney is a metastatic site for leukemia in over 
50 % of cases [ 42 ]. Correlation between renal size 
and prognostication of the disease at the time of 
diagnosis has been reported [ 44 ]. However, renal 
failure in ALL is extremely rare. In the rare child 
who has not already presented with systemic dis-
ease when the renal disease manifests, a renal 
biopsy should be done to confi rm the pathologic 
diagnosis. If ALL has already been diagnosed 
when a renal mass is detected radiographically, 
then a biopsy is superfl uous. 

    Histopathology 

 Leukemic renal infi ltration can be nodular or dif-
fuse in presentation. The few reported cases indi-
cate that children usually present with a more 
diffuse pattern. In all renal ALL, the involvement 
is cortical and there is periglomerular infi ltration 
[ 42 ,  45 ]. The histopathology on an associated 
bone marrow biopsy will show a predominance 
of lymphoblasts and will have precursor B-cell 
ALL morphology.  

    Imaging 

 Radiologic evidence of leukemic infi ltration of 
the kidney is usually detected via ultrasound or 
CT scan. Bilateral nephromegaly is the most char-
acteristic fi nding. In addition, when a CT with 
contrast is done, multiple, bilateral renal nod-
ules (foci) can usually be identifi ed (Figs.  11.15 , 
 11.16 , and  11.17 ).

          Pediatric Cystic Diseases 
of the Kidney 

 It is currently believed that renal cystic diseases 
are related to abnormal Wolffi an development 
due to aberrant molecular genetics [ 46 ]. Within 
families, some genetic mutations are heritable in 
either an autosomal dominant or recessive fash-
ion or have variable penetrance. Children who 
have inherited these alterations (and associated 
syndromes) will in time develop a form of the 
associated disease and its subsequent clinical 
manifestations. Other genetic alterations are 
spontaneous mutations that may be a result of 
environmental or other factors. 

 As imaging modalities are used with increas-
ing frequency, both heritable and spontaneous 
mutations are commonly detected on ultrasound 
or CT scan before they are detected clinically. In 

  Fig. 11.14    Lymphoma. 
Grayscale ultrasound right 
kidney: enlarged right kidney 
(nl range for age 7.5–11.0) 
with preservation of 
corticomedullary 
differentiation       
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renal cystic diseases, innovations in radiologic 
technology have enabled physicians to better 
advise families regarding their child’s prognosis 
and treatment. Characteristic radiologic fi ndings 
including number, location, size, wall thickness, 
associated calcifi cations, and septations are cru-
cial to determining which disease process or 
genetic alteration has occurred.  

    Simple Cysts 

 A simple cyst is a fl uid-fi lled structure with a 
surrounding thin wall. Isolated cysts are the most 
common renal mass found in the adult kidney 
but are less common in children. Most simple 
renal cysts in children are asymptomatic and are 
found incidentally [ 47 ]. A single isolated cyst is 

a

b

c

  Fig. 11.15    NHL. CT abdomen, axial delayed phase ( a ): 
scattered small hypointense lesion in both kidneys. 
Gallium scintigraphy, coronal ( b ) and axial ( c ) static 

images: small foci of uptake in both kidneys correspond-
ing to leukemic nodules       
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insignifi cant in the absence of associated clinical 
sequelae of pain and hematuria [ 48 ]. Clinical 
symptoms usually only occur if a parapelvic cyst 
is large enough to obstruct the kidney. A child 

may have incidental multiple simple cysts or 
bilateral simple cysts, but if this is noted, a heri-
table genetic mutation or syndrome should be 
pursued with a genetic  work- up [ 46 ,  49 ,  50 ]. 

a

b

c

  Fig. 11.16    AML. Grayscale 
ultrasound, sagittal ( a ) and 
transverse ( b ) right kidney: 
enlarged echogenic kidneys. 
MRI lumbosacral spine ( c ), 
enlarged bilateral kidneys       
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    Histopathology 

 Cysts can be microscopic or macroscopic. 
Grossly, they appear as thin-walled (1–2 mm) 

entities encapsulated in straw-colored, clear fl uid. 
They usually stem from the distal convoluted 
tubule or the collecting duct [ 51 ]. They can be 
saccular or fusiform and arise in any portion of 

a

b

c

  Fig. 11.17    Leukemia. 
Grayscale and color 
ultrasound of both kidneys: 
enlarged kidneys ( a  nl range 
for age 7.5–11.0), with 
echogenic foci ( b ) in left 
renal medulla and pelvis 
demonstrating posterior 
acoustic shadowing and 
twinkle artifact ( c ) compat-
ible with nephrolithiasis       
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the renal cortex. Simple cysts sometimes occur in 
association with congenital renal dysplasia. 
Histologically, the walls of the cysts are lined 
with cuboidal or fl attened epithelium. The cap-
sule is composed of fi brous tissue with collagen 
and some mononuclear infi ltrates. The fl uid tran-
sudate is similar to plasma.  

    Imaging 

 On ultrasound, simple cysts are typical round, 
unilocular, anechoic lesions with a thin wall and 
no internal architecture. There is good through 
transmission with posterior acoustic enhance-
ment, a fi nding seen with most cystic structures 
(Fig.  11.18 ). No associated calcifi cations, septa-
tions, or internal vascularity is seen. Depending 
on the size of the cyst, it may displace adjacent 
vessels and collecting system.

   On CT, a simple cyst should have a Hounsfi eld 
unit measurement in the range of simple fl uid, 0–20, 
a thin or imperceptible wall, and no septations or 

internal debris/soft tissue. No enhancement or 
excreted contrast should be seen in the cyst 
(Fig.  11.19 ). Lesions less than 1 cm are diffi cult to 
accurately measure and are commonly described as 
lesions that are too small to characterize.

   On MRI, homogeneous T1 hypointense and 
T2 hyperintense signal following that of water 

  Fig. 11.18    Simple cyst. Ultrasound left kidney: round, 
anechoic lesion in the upper-pole left kidney, with thin 
wall, good through transmission and posterior acoustic 
enhancement       

a

  Fig. 11.19    Simple cyst. Grayscale ultrasound left kidney 
( a ). Anechoic medullary lesion with posterior acoustic 
enhancement and no internal echotexture. CT abdomen, axial 

corticomedullary phase ( b ). Hypodense lesion measuring 
water attenuation (18 HU), without internal enhancement. 
No excretion of contrast on delayed imaging, not shown       
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(such as CSF). No enhancement or excreted con-
trast should be seen in the cyst. 

 A calyceal diverticulum may appear as a sim-
ple cyst and in fact may become a cyst once it 
seals off. Distinction can be made with delayed 
imaging and layering of contrast (Fig.  11.20 ).

        Hemorrhagic Cysts 

 Hemorrhagic cysts result when a simple or com-
plex cyst fi lls with blood following trauma or spon-
taneous rupture [ 52 ]. Six percent of all renal cysts 
eventually hemorrhage. Hemorrhagic cysts are 
more likely to become infected then simple cysts. 

b

Fig. 11.19 (continued)

a c

b

  Fig. 11.20    Calyceal diverticulum. CT abdomen, axial 
nephrographic ( a ) and delayed phase ( b  and  c ). Large 
hypodense cystic lesion extending from the renal pelvis, 

measuring simple fl uid density on nephrographic phase. 
Supine delay ( b ), excreted contrast material in the cystic 
lesion, which layers dependently with repositioning ( c )       
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    Imaging 

 On ultrasound, a hemorrhagic cyst may con-
tain homogeneous low-level echoes, diffuse, 

lace-like internal echotexture, or heteroge-
neous, echogenic debris/clot, depending on 
timing of imaging. No internal vascularity 
(Fig.  11.21 ).

a

b

  Fig. 11.21    Hemorrhagic cyst.  Grayscale  ( a ) and  power 
color  Doppler ( b ). Ultrasound right kidney. Hypoechoic 
lesion, with posterior acoustic enhancement and low-level 

internal echoes consistent with hemorrhage. No internal 
vascularity. Resolved on follow-up       
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   In the acute phase, on non-contrast CT, the 
hemorrhage attains a Hounsfi eld unit value of 
70–90. As the cyst organizes the Hounsfi eld units 
may decrease and the walls or central area of the 
cyst may become calcifi ed. It is the high attenua-
tion of the cystic structures and the associated 
calcifi cations that necessitate routine monitoring 
of these lesions to ensure that they do not develop 
true malignant features [ 51 ]. 

 On MRI, signal characteristics depend on 
the stage of the blood products. The most con-
vincing evidence of hemorrhage is a hyper-
intense T1 signal seen with extracellular 
methemoglobin. Any signal on T2 other than 
bright suggests proteinaceous material, includ-
ing blood products. Calcifications are not 
 typically seen on MRI due to small size 
(Fig.  11.22 ).

a

c d

b

  Fig. 11.22    Hemorrhagic cyst.  Grayscale  ultrasound left 
kidney ( a ) hypoechoic lesion, with posterior acoustic 
enhancement and low-level internal echoes. Peripheral 
thin echogenic calcifi cation in the wall. CT abdomen ( b ) 
hyperdense exophytic lower pole cyst with central dense 

calcifi ed focus. MRI Abdomen, coronal T2 ( c ) and coro-
nal post-contrast T1 subtraction ( d ), with 1 year follow-up 
coronal T2 fat saturated. ( e ) Interval change in T2 signal 
from T2 dark to T2 bright, compatible with evolution of 
blood product, in a nonenhancing hemorrhagic cyst         
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        Complex Cyst 

 A complex cyst is a cyst which is associated with 
septa or hemorrhage (Fig.  11.23 ). Thickened, 
irregular septa and walls, coarse calcifi cations, 
and vascular soft tissue components are ominous 
signs within a cystic lesion, and exclusion of neo-
plasm based on imaging becomes diffi cult.

   On ultrasound, a complex cyst may contain 
thin septa, thin calcifi cation, and/or debris, includ-
ing hemorrhage; however, no vascularity is seen 
within the septa or echogenic components. Cysts 
have good through transmission and posterior 
acoustic enhancement. There may be fl uid- fl uid 
levels or low-level internal echoes. Cysts contain-
ing milk of calcium may demonstrate comet tail 
artifact. Depending on the size of the calcifi ca-
tions, there may be posterior acoustic shadowing. 

 Non-contrast CT may demonstrate increased 
Hounsfi eld units, greater than 20. CT is the 
 preferred modality for detection of calcifi cations. 
Thin septa with minimal enhancement and fl uid-
fl uid levels may be detected. 

 On MRI, complex cyst can have variable T1/T2 
signal depending on the presence of proteinaceous 

material. There is minimal enhancement of the 
thin septae and walls. Calcifi cations are diffi cult to 
detect on MRI. Diffusion-weighted imaging is 
gaining an important role in detecting suspicious 
soft tissue components within cystic lesions.  

    Cystic Diseases Associated 
With Genetic Abnormalities: 
Juvenile Nephronophthisis (JNPHP) 
and Medullary Cystic Disease 
of the Kidney 

    Etiology and Presentation 

 These two diseases are typifi ed by small, corti-
comedullary, and deep medullary cysts 
(Fig.  11.24 ). JNPHP is an autosomal recessive 
mutation mapped to several genes. The infantile 
form is associated with chromosome 9q, the 
juvenile form associated with chromosomes 2q 
and 1p36, and the adolescent chromosome 3q 
involving a gene product called nephrocystin 
[ 48 ,  53 ]. The kidneys are usually small at the 
time of diagnosis, typically in the fi rst decade. 
Associated presenting signs and symptoms 
include polyuria (concentrating defect), polydip-
sia, Fanconi syndrome, and growth retardation 
[ 48 ,  50 ]. The disease is bilateral and is associ-
ated with congenital hepatic fi brosis and end-
stage renal disease [ 54 ].

   Medullary cystic disease of the kidney is 
inherited in an autosomal dominant fashion. It 
has an indistinguishable pathologic appearance 
to JNPHP, but it does not occur in children (age 
>20 years) and does not have any of the associ-
ated systemic abnormalities that are seen in 
JNPHP [ 55 ].   

    Autosomal Recessive Polycystic 
Kidney Disease (ARPKD) 

    Etiology and Presentation 

 ARPKD is usually diagnosed in the newborn 
period with either acute renal or liver failure. It 
can, however, present in the childhood or teenage 

e

Fig. 11.22 (continued)
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years. The severity of the disease is related to age 
of onset as neonatal presentation correlates with a 
more severe form of the disease. All affected chil-
dren have associated liver or pancreatic cysts in 
addition to some degree of hepatic fi brosis [ 46 ]. 
Usually, one organ (liver or kidney) predominates 
clinically. The disease stems from a genetic muta-
tion of the PKHD 1 gene located on chromosome 

6 (6p21) producing an alteration in the fi brocys-
tin/polyductin protein [ 56 ,  57 ]. Antenatally, there 
may be a maternal history of oligohydramnios 
since normal urine output is reduced. The most 
obvious deformity at birth is the evidence of 
Potter’s facies, which is a result of the decreased 
amniotic fl uid throughout gestation. Pulmonary 
hypoplasia from a lack of surfactant production is 

a

c

d

e

b

  Fig. 11.23    Complex cyst.  Grayscale  ( a ) and  color  
Doppler ultrasound ( b ) right kidney: anechoic lesion upper 
pole, with echogenic septations and no internal vascularity. 
CT abdomen, axial nephrographic phase. ( c ) Hypodense 

lesion with thin nonenhancing septation. MRI abdomen, 
axial T2 fat saturated and coronal T2. ( d  and  e ) Lobular T2 
hyperintense lesion with thin septations       
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the most common cause of fetal demise in these 
children (Fig.  11.25 ).

   There is no cure for ARPKD and supportive 
therapy including dialysis or renal transplantation 
must be routinely implemented. In addition to 
renal failure, children can develop hepatic failure, 
hypertension, pulmonary disease, and esophageal 
varices.  

    Histopathology 

 Children with ARPKD are born with extremely 
large kidneys with very small diffuse cortical 
cysts. The abnormality in the nephron occurs in 
the collecting ducts, where there is cystic dilation. 
Grossly, the cysts can be seen upon sectioning the 
kidney. Microscopic liver fi ndings consist of 

a

b

  Fig. 11.24    Nephronophthisis (15 years old). ( a )  Grayscale  
and  color  Doppler ultrasound right kidney and ( b ) CT 
abdomen nephrographic phase. Small right kidney, mea-
suring 7.9 cm (nl range for age 7.5–11.0 cm), with loss of 

corticomedullary differentiation and medullary cyst. Cyst 
contains thin septations. Small hypodense cystic lesions in 
the medulla on the right and at the corticomedullary junc-
tion on the left       
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 periportal cysts in association with fi brosis, but 
gross lesions are diffi cult to identify.  

    Imaging 

 Ultrasound fi ndings in ARPKD occur prenatally 
with decreased amniotic fl uid and kidneys that 
may be hyperechoic and large for gestational age. 
In the neonatal period the sonographic fi ndings 
of the kidneys include large, hyperechoic  kidneys. 

Additionally, there is loss of the corticomedullary 
differentiation. In older children with ARPKD, 
larger cysts may be identifi ed, but they are virtu-
ally never identifi ed in younger children. CT scan 
of the child with ARPKD shows a pooling of 
contrast peripherally in the collecting ducts. 
Similarly, MRI shows the cysts as well. The 
T1-weighted images show fl uid as dark where on 
T2 fl uid is bright (Figs.  11.26  and  11.27 ).

         Autosomal Dominant Polycystic 
Kidney Disease (ADPKD )  

    Etiology and Presentation 

 ADPKD is more common than ARPKD. In most 
affected families, the disease stems from a 
genetic defect involving chromosomes 4 and 16 
and a small subset with an unmapped defect 
termed PKD3. Genetic testing is available for 
PKD1 and PKD 2. The abnormal proteins are 
polycystin-1 and polycystin-2 which are associ-
ated with ADPDK1 and 2, respectively [ 58 ]. 
ARKPD occurs in 1 in 500 live births. Clinically 
signifi cant ADPKD is more common in males 
than females. The disease is not routinely diag-
nosed in childhood in patients without a family 
history since clinical manifestations usually do 
not occur until adulthood. All people who carry 
the dominant mutation will eventually develop 
some clinically relevant fi nding if they live long 
enough. In addition to the classic fi nding of 
large renal cysts that eventually dominate the 
kidney, other systemic anomalies including 
berry aneurysms (40 %); cysts of the spleen, 
pancreas, and liver; colonic diverticula; aortic 
aneurysm; and mitral valve prolapse can occur. 
The most common, clinically signifi cant, pre-
senting sign is hypertension. In addition, most 
patients have some degree of micro- or macro-
scopic hematuria that occurs by the fourth 
decade. Up to 30 % of patients with ADPKD 
present with nephrolithiasis at some point [ 59 ], 
and almost all patients with cystic disease suffer 
from fl ank pain during their lifetime. If the fl ank 
pain becomes signifi cant, it can be treated with 

  Fig. 11.25    ARPKD. Babygram, DOL 0. Increased 
abdominal girth, with centralized bowel loops due to 
enlarged kidneys and ascites fl uid. Small thorax second-
ary to pulmonary hypoplasia, with left-sided chest tube 
for pneumothorax       
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aspiration or unroofi ng [ 60 ]. Women with 
ADPKD have more episodes of pyelonephritis 
than men. PDK2 has a higher life expectancy and 
later onset then PKD1.  

    Histopathology 

 The abnormality is associated with abnormal epi-
thelial cell polarity and can occur at any point in 
the nephron, explaining the presence of cysts 
throughout the medulla and cortex. In addition, 
the cells secrete excess epithelial growth factor 
which stimulates epithelial cell proliferation 
within the cyst walls. Grossly the cysts can range 
in size from tiny to quite large. Initially, the histo-
logical fi nding is focal tubular proliferation. 

a

b

c

  Fig. 11.26    ARPKD. High-frequency ultrasound kidney/
liver. ( a ) Enlarged echogenic kidney with radiating dilated 
collecting ducts extending into the cortex. Also shown, 
increased liver echogenicity compatible with hepatic 
fi brosis. MRI kidney, axial T2 fat saturated ( b ) and coro-
nal T2 ( c ). Enlarged T2 hyperintense kidneys, with pres-
ervation of reniform architecture       

a

b

  Fig. 11.27    ARPKD. Ultrasound left kidney, low-frequency 
transducer ( a ) and high-frequency transducer ( b ), DOL 1. 
Enlarged, echogenic left kidney. Increased echogenicity 
with small irregular medullary cystic spaces compatible 
with dilated collecting ducts       
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   As the cysts increase and multiply and replace 
the parenchyma, the typical end-stage renal dis-
ease fi ndings are incurred: arteriosclerosis and 
interstitial fi brosis; hyperplastic polyps are rou-
tinely seen. The incidence of renal cell carcinoma 
is elevated in ADPKD, but no more so than in the 
general population with ESRD.  

    Imaging (Figs.  11.28 ,  11.29 , and  11.30 ) 

      If renal cysts are seen on the sonogram, then 
additional abdominal ultrasonography should be 
done to evaluate the other organs for cysts. 
Bilateral renal enlargement is typical. In younger 
children the radiologic appearance may resemble 

ARPKD, but eventually larger, dominating cysts 
will develop. 

 CT and MRI fi ndings are similar to those 
found on ultrasound. These modalities can also 
differentiate hemorrhage from rupture during an 
episode of acute fl ank pain. For this purpose CT 
can delineate the fl uid medium by distinguishing 
the Hounsfi eld units of the liquid. MRI can do the 
same by determining the signals on T1 and T2. 
Calcifi cations within the walls of the kidney are 
common and depending on their thickness can 
indicate malignant potential.   

    Cystic Diseases Not Associated 
with Genetic Anomalies 

    Multicystic Dysplastic Kidney (MCDK) 

    Etiology and Presentation 
 MCDK is a congenital developmental abnor-
mality that consists of a nonfunctioning kidney 
formed of smooth cysts. It is usually discov-
ered through antenatal ultrasound in 1/4,300 
live births [ 61 ]. It has no gender or laterality 
predilection. It is the most common cause of 
antenatally detected cystic renal disease [ 62 ]. 
It is the second most common cause of a pal-
pable abdominal mass in a neonate and the most 
common cause of cystic disease in the infant 
[ 63 ]. Other ipsilateral abnormalities including 

a b

  Fig. 11.28    ADPKD. Ultrasound right kidney at 2 months ( a ) and 2 years ( b ). Enlarged echogenic kidney with cortical 
cysts. Not shown, multiple additional subcentimeter cortical cyst, bilaterally       

  Fig. 11.29    ADPKD. Ultrasound right kidney. Echogenic 
kidney contains a large upper-pole cyst with thin 
septation       
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megaureter, posterior urethral valves, internal 
cystic structures in the male, and Gartner’s cyst 
in the female can be seen [ 64 ]. Compensatory 
hypertrophy is seen routinely in the function-
ing kidney. Although children with MCDK are 
monitored for hypertension and malignancy, it is 
unclear from the literature if there is a true risk 
of either [ 65 ]. The literature suggests that 40 % 
of MCDK kidneys involute completely [ 66 ,  67 ]. 
At this time, nephrectomy is only indicated in 
patients whom the affected kidney is enlarging 
instead of decreasing in size and in patients with 
hypertension [ 68 ]. It is debatable whether or not 
hypertension improves in patients who undergo 
nephrectomy for MCDK but is still recom-
mended [ 69 ]. MCDK can present in older chil-
dren and adults with hematuria, pain, infection, 
or hypertension or found incidentally during 
imaging performed for other purposes.  

    Histopathology 

 MCDK is a severe form of dysplasia typically 
rendering the kidney nonfunctional. The etiol-
ogy is thought due to dysfunctional cell-cell 
interactions between the ureteral bud and the 
metanephric blastema. Kidney size depends 

upon the confi guration and size of the cysts. 
Potter described two types: type 2b – small 
cysts with stromal predomination and type 2a – 
larger cysts with no identifi able parenchyma 
[ 66 ]. Historically, the risk of malignant degen-
eration is low (1/3,470), but associated reported 
pathologic diagnosis includes RCC, Wilms’ 
tumor, and mesothelioma. A recent meta-analy-
sis cited no cases of malignancy [ 70 ]. Grossly, 
the kidneys appear as a cluster of grapes [ 71 ].  

    Imaging 

 The current radiologic work-up in a neonate 
with MCDK includes a sonogram, voiding cys-
tourethrogram, and a nuclear medicine scan. 
Historically, MCDK has been followed with 
interval renal ultrasounds to ensure involution 
and more importantly lack of solid tissue growth 
of the affected kidney (Fig.  11.31 ).

   Fetal ultrasound of an MCDK typically shows 
small round cysts that increase in size and num-
ber over the course of the gestation. The kidneys 
tend to be more echogenic than normal kidneys. 
The sine qua non of fi ndings are noncommuni-
cating cysts (although they may grossly commu-
nicate) that are not centered around a central 

a b

  Fig. 11.30    ADPKD. CT Abdomen, sequential axial images nephrographic phase ( a  and  b ). Unilateral multilobular, 
multilocular hypodense cystic lesion, with thin septations       
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medial cyst (Fig.  11.32 ). The most distinctive 
feature of hydronephrosis is the centrally located 
fl uid collection (pelvis) and some identifi able 
parenchymal tissue. In MCDK, compensatory 
contralateral renal growth is noted. The use of 
Doppler may be useful in observing total absence 
of perfusion [ 71 ]. Ultrasound is useful for diag-
nosing other associated abnormalities, including 
Gartner’s cyst, hemivagina, seminal vesicle cyst, 
pelvic kidney, megaureter, hydronephrosis, or 
neurogenic bladder [ 72 ].

   VCUG is recommended in children with 
MCDK as there is a reported incidence of 4–25 % 
of contralateral refl ux. Some authors dispute the 
need of VCUG in children who have had two 
normal ultrasounds in infancy [ 73 ]. 

 A DMSA renal scan can be performed to con-
fi rm nonfunction of the kidney and thus distinguish 

the MCDK defi nitively from a congenital UPJ 
obstruction. Nevertheless, there can still be confu-
sion as to the true etiology of the mass, since some 
MCDKs have minimal (but not absent) uptake on 
the renal scan (Fig.  11.33 ).

   Distinction between an MCDK and a uretero-
pelvic junction obstruction may be diffi cult 
(Fig.  11.34 ). When further characterization of the 
kidneys and collecting systems is needed, one 
may consider MR urography (MRU). MRU has 
excellent morphologic delineation of the renal 
parenchyma and collecting systems, including 
ureteral course and insertions (Fig.  11.35 ).

  Fig. 11.32    Multicystic dysplastic kidney ( MCDK ). 
Ultrasound right kidney. Multiple noncommuni-
cating cyst of variable size and no normal reniform 
parenchyma       

  Fig. 11.33    MCDK. Nuclear Medicine Tc99m MAG-3 
renogram. Early dynamic image with no activity in the 
left renal bed       

a b

  Fig. 11.31    MCDK. Ultrasound left kidney at diagnosis ( a ) and 1 year interval ( b ). Interval decrease in size of kidney 
and cysts compatible with involution of MCDK ( b )       
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a b

  Fig. 11.34    MCDK. Ultrasound bilateral kidneys. Right 
kidney ( a ): multiple peripheral cyst without communica-
tion to renal pelvis compatible with multicystic dysplastic 

kidney. Left kidney ( b ): grade IV hydronephrosis, with 
increased renal    echotexture and loss of corticomedullary 
differentiation       

a

c

b

  Fig. 11.35    MCDK with contralateral ureteropelvic 
junction obstruction. MR urogram, axial T2 fat satura-
tion, high resolution ( a ) multiple T2 hyperintense 
peripheral cystic lesions, of varying size, which do not 
communicate with central dilated renal pelvis. Grade IV 
hydronephrosis on the left, with increased T2 renal 

parenchymal signal and loss of corticomedullary differ-
entiation. Coronal T2 fat saturated ( b  and  c ) proximal 
ureteral obstruction, on the right, accounting for dyspla-
sia. Abrupt ureteropelvic junction, on the left, with nor-
mal caliber ureter (not shown)       
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           Introduction 

 Principles of pediatric uroradiology are trending 
towards decreased or no radiation exposure with 
combined morphologic and functional imaging 
[ 1 ]. One of the major advances in non-radiation- 
based imaging technology has been in ultra-
sound [ 2 ] including motion mode, harmonic 
imaging, color Doppler sonography, duplex 
Doppler sonography, and three-dimensional 
(3D) techniques [ 3 – 5 ]. Reconstructed 3D ultra-
sound images are comparable to intravenous 
urography (IVU) or magnetic resonance urogra-
phy (MRU), as well as allowing visualization of 
the bladder surface which is considered virtual 
cystoscopy [ 6 ,  7 ]. Additional advancements in 

ultrasonography enable functional studies such 
as contrast- enhanced voiding urosonography 
(VUS), which reportedly has the potential to 
become an alternative for voiding cystourethrog-
raphy (VCUG) [ 8 ]. However, there are still limi-
tations including limited evaluation of the urethra 
and bladder as well as longer study time [ 9 ]. 

 MRU enables detailed functional and ana-
tomic evaluation of the urinary system in a single 
test without radiation exposure. However, func-
tional MRU studies are not yet standardized [ 1 ]. 
In addition, many younger children will require 
sedation or general anesthesia to successfully 
complete the study. Severe adverse reactions to 
gadolinium-based contrast agents are rare, but 
mild reactions such as headaches, nausea, and 
taste perversion occur in up to 8 % of patients 
[ 10 ]. Nephrogenic systemic fi brosis has been 
reported rarely in pediatric patients with acute 
or chronic renal failure. MRI compatible foreign 
bodies, such as ureteral stents, surgical clips, and 
prosthesis, may cause signifi cant artifacts on the 
images which can decrease effectiveness of the 
study [ 10 ]. Even with its limitations, MRU has 
the potential to emerge as the imaging technique 
of choice for the evaluation of pediatric GU 
disorders. 

 Renal scintigraphy is often an underused 
 imaging modality in the pediatric population. 
Understanding of pharmacologic properties of dif-
ferent renal radiopharmaceuticals and their rela-
tionship to renal physiologic principles are essential 
in appropriate use of this imaging modality. The 
administered dose of the radiopharmaceutical 
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should be kept as low as possible. When used 
appropriately, radionuclide imaging provides 
insight into both anatomical and functional aspects 
of the genitourinary system with a low radiation 
dose and negligible side effects [ 11 ]. 

 CT scanning is a widely available, quick and 
easy imaging technique for evaluation of many 
medical and surgical disorders. Both non- contrast 
stone protocols and contrast-enhanced CT urog-
raphy are commonly used in the adult population. 
However, due to its high radiation dose, its use in 
children should be limited to complex cases or 
situations when MRI is not available [ 1 ,  12 ]. In 
fact, many institutions are currently conducting 
risk/benefi t analysis for CT scan radiation dose. 
At this time in the United States, it is estimated 
that only 40 % of CT scanners are accredited 
[ 13 ]. Also being debated is the total dosage of 
radiation that puts someone at higher risk for 
oncologic side effects. In children in particular 
there are concerns that some settings for dosage 
safety are not being adjusted appropriately to 
weight-based criteria. Regulation is beginning to 
be legally enforced in some states. For instance, 
since July of 2012, California state law will 
require radiologists to record the dose of radia-
tion each patient receives [ 13 ].  

    Acute Pyelonephritis 

 Acute pyelonephritis (APN) represents the most 
serious type of urinary tract infection (UTI) in 
children. It is not only responsible for acute mor-
bidity, but it may lead to irreversible renal paren-
chymal damage. Approximately 8 % of girls and 
2 % of boys will have a UTI during their fi rst 
8 years of life with febrile UTIs having the high-
est incidence within the fi rst year of life [ 14 ,  15 ]. 
The diagnosis of APN in older children tradition-
ally has been made on the basis of the classic 
signs and symptoms of fever and fl ank pain or 
tenderness associated with pyuria and positive 
urine culture. However, accurate diagnosis based 
solely on these parameters is often diffi cult, par-
ticularly in neonates and infants who may present 
with nonspecifi c symptoms such as irritability, 
poor feeding, failure to thrive, vomiting, and 

diarrhea [ 16 ,  17 ]. Despite the fact that the major-
ity of patients (50–80 %) with fever and systemic 
clinical fi ndings consistent with APN have abnor-
mal DMSA scan fi ndings, there is still a high 
false-positive and/or false-negative rate based on 
routine clinical and laboratory parameters [ 18 ]. 

    Pathophysiology of Acute 
Pyelonephritis 

 Experimental studies by Roberts and others 
found that bacterial adherence to uroepithelium 
elicits an infl ammatory cascade proportional to 
the virulence of the infecting organism. The acute 
infl ammatory response responsible for the eradi-
cation of bacteria may lead to damage of intersti-
tial renal tissue and result in subsequent renal 
scarring [ 19 ]. Studies have reported that focal 
ischemia from vascular occlusion [ 20 ], vasocon-
striction [ 21 ], or vascular compression [ 22 ] may 
result from APN. In the refl uxing piglet model, 
Majd and Rushton found reduced renal blood 
fl ow in sites of APN identifi ed by diminished 
uptake of DMSA and subsequently confi rmed by 
histopathology. Uninvolved areas of the affected 
kidneys demonstrated normal blood fl ow compa-
rable to the contralateral normal kidney [ 23 ].  

    Imaging of Acute Pyelonephritis 

    Sonography 
 Standard ultrasound imaging in the pediatric 
population utilizes a variety of machines with 
transducers ranging between 3.5 megahertz 
(MHz) and 10 MHz, with the majority of children 
requiring 3.5–5 MHz transducers [ 24 ]. Criteria 
for diagnosis of APN on ultrasound include one 
or more areas of increased or decreased cortical 
echogenicity and/or loss of corticomedullary dif-
ferentiation with or without focal or diffuse renal 
enlargement [ 25 ] (Fig.  12.1 ).

   Several clinical studies have clearly demon-
strated that renal sonography is not as reliable as 
DMSA scintigraphy for the detection of APN 
[ 26 – 32 ]. In one prospective study of 91 children 
with culture-documented febrile UTIs, DMSA 
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renal scans showed changes consistent with APN 
in 63 % of patients, while sonography revealed 
changes consistent with APN in only 39 % of the 
same patients [ 26 ]. In another prospective study 
of 112 children with their fi rst documented symp-
tomatic UTI, ultrasound was effective in detecting 
dilatation of the collecting system and renal swell-
ing but failed to detect over half of those patients 
with DMSA evidence of APN [ 27 ] (Fig.  12.2 ).

     Power Doppler Sonography 
 As focal ischemia is an early event in APN, it 
seems logical to expect high sensitivity for 
Doppler sonography in its detection. The classic 
color Doppler ultrasound of the kidney outlines 
the speed and direction of moving blood through 
the larger intrarenal blood vessels but does 
not visualize smaller cortical vessels resulting 
in poor sensitivity in detection of APN. In 

 contradistinction, power Doppler sonography 
displays the strength of the Doppler signal from 
all moving blood cells regardless of speed or 
direction and is therefore more sensitive than 
color Doppler for detection of blood fl ow in the 
small vessels (Fig.  12.3 ). Stogianni et al. 
described effective use of power Doppler in the 
diagnosis of APN utilizing linear 5–10 MHz 
transducers in children less than 3 months old and 
convex 5 MHz transducers in children older than 
3 months [ 33 ]. Axial and longitudinal images 
were obtained to develop intricate vascular maps 
of the kidneys. APN was defi ned by the decreased 
or absent blood fl ow in specifi c zones of the renal 
parenchyma as well as renal swelling and loss of 
corticomedullary differentiation [ 33 ] (Fig.  12.4 ).

    Recently Brader et al. retrospectively studied 
a combination of grayscale and power Doppler 

a

b

  Fig. 12.1    Acute pyelonephritis in the upper pole of the 
left kidney of a 5-week-old male with urosepsis. 
( a ) Longitudinal sonogram shows hyperechoic left upper 
pole with loss of corticomedullary differentiation ( arrow ). 
( b ) DMSA scan obtained the same day demonstrates 
decreased uptake in the left upper pole without loss of 
 volume ( arrow )       

a

b

  Fig. 12.2    False-negative sonogram of the right kidney of 
a child with multifocal acute pyelonephritis. ( a ) 
Longitudinal sonogram of the right kidney shows normal 
echogenicity and corticomedullary differentiation. ( b ) 
DMSA scan demonstrate swollen right kidney with mul-
tiple foci of decreased uptake       
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renal sonography in children with clinical APN 
and compared the fi ndings with DMSA scans 
[ 34 ]. Expanding criteria for APN to include 
changes in fl ow characteristics on power Doppler 
in addition to changes on grayscale sonography, 
they found combined sensitivity of 92.1 %, speci-
fi city of 97.8 %, and positive predictive value of 
88–92 %. When compared with DMSA scan, 
they found sensitivity and specifi city of 94 and 
100 %, respectively. However, in an experimen-
tally induced APN in piglets, sensitivity of power 
Doppler for the detection of histopathologically 
confi rmed lesions was signifi cantly lower than 
DMSA SPECT, CT, and MRI [ 35 ].  

   Renal Cortical Scintigraphy 
 Renal cortical scintigraphy with 99m Tc dimercap-
tosuccinic acid (DMSA) is considered the imaging 
modality of choice for detecting renal parenchy-
mal involvement in children with UTI and as 
a marker to assess the extent and progression of 
renal damage [ 36 ]. Approximately 60 % of admin-
istered radiolabeled DMSA is picked up by the 
proximal tubular cells, and the remaining is fi ltered 
and excreted at a low concentration. Therefore, the 
delayed images show excellent visualization of the 
renal cortex without any signifi cant tracer activity 
in the pelvicalyceal systems. 

 Approximately 2 h after intravenous adminis-
tration DMSA (≤0.05 mCi/kg body weight; min-
imum 0.03 mCi, maximum 3 mCi), images of the 
kidneys are obtained. Basically two imaging 
techniques can be used: planar imaging with 
magnifi cation or single-photon emission comput-
erized tomography (SPECT). 

 For planar imaging with pinhole magnifi ca-
tion, a high-resolution, parallel-hole collimator is 
used to obtain posterior image of both kidneys 
together for calculation of differential renal func-
tion. In addition posterior and posterior-oblique 
images of each kidney are acquired using a pin-
hole collimator with 3–4 mm aperture insert 
(Fig.  12.5 ).

   For SPECT imaging, usually a dual detector 
rotating gamma camera equipped with high- 
resolution, low-energy collimators is used to 
acquire 120 images of the kidneys (3° apart). 
Data acquisition takes approximately 20 min. 
The images are then reconstructed in coronal, 
transverse, and axial planes (Fig.  12.6 ).

  Fig. 12.3    Normal power Doppler renal sonogram. 
Coronal image of the right kidney of a piglet shows nor-
mal perfusion of the renal parenchyma       

a

b

c

  Fig. 12.4    Abnormal power Doppler renal sonogram and 
DMSA scan of a child with left acute pyelonephritis. ( a ) 
Grayscale longitudinal sonogram of the left kidney shows 
hyperechoic upper pole, but no defi nite abnormality in the 
lower pole. ( b ) Power Doppler sonogram demonstrates 
decreased/absent perfusion of the upper and lower poles. 
( c ) DMSA scan shows a large photopenic area in the 
upper pole of the left kidney and mild decreased uptake in 
the lower pole ( arrows )       
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Series: DMSA STATIC CNMC

View: POST

LEFT 135974 cts.

RIGHT 150264 cts.

LEFT 47.50 %

RIGHT 52.50 %

Ratio: 1.0189

a

b c

d e

  Fig. 12.5    Normal planar DMSA scan with pinhole mag-
nifi cation in a 5-year-old child. ( a ) Posterior image using 
parallel- hole collimator shows normal cortical uptake 
bilaterally with the calculated differential function of 
47.5 % on the left and 52.5 % on the right. ( b ,  c ,  d , and  e ) 

Magnifi ed pinhole posterior and posterior-oblique images 
of the kidneys show normal cortical uptake of DMSA 
with relative central photopenia corresponding to the 
medulla and collecting systems       
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         Normal DMSA Scan 

 Uptake of DMSA in normal kidneys refl ects the 
morphology of renal cortex. High-resolution 
images show the details of the cortex and cortical 
columns with good differentiation from the col-
lecting systems and medulla. Irregularities in the 
contour of the kidneys due to fetal lobulation 
may be present between the medullary pyramids 

(over cortical columns) and can be differentiated 
from the cortical scars which occur over the pyra-
mids (between cortical columns) (Fig.  12.7 ).

       Acute Pyelonephritis and Renal Scar 

 The typical manifestation of APN on DMSA 
scan is decreased cortical uptake, usually focal or 

  Fig. 12.6    Normal SPECT: selected reconstructed transverse, sagittal, and coronal images show normal cortical DMSA 
uptake       
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multifocal, without volume loss or contraction of 
the renal cortex. In severe cases diffusely 
decreased uptake of DMSA may be observed 
(Fig.  12.8 ).

   A mature cortical scar is usually associated 
with contraction and loss of volume of the 
involved cortex manifested as wedge-shaped 
defect, cortical thinning, or fl attening of the renal 
contour (Fig.  12.9 ).

       Sensitivity and Specifi city of DMSA 
for Detection of Acute Pyelonephritis 

 Early clinical reports showed that renal cortical 
scintigraphy using 99m Tc DMSA was signifi -
cantly more sensitive than intravenous urogram 
(IVU) and renal sonography in the detection of 
APN [ 37 – 39 ]. To evaluate the true sensitivity and 
specifi city of renal cortical scintigraphy for the 

a

b d

c

  Fig. 12.7    Normal variants on DMSA scan: splenic impression ( arrow ) ( a ), column of Bertin ( arrow ) ( b ), triangular 
left kidney ( c ), and fetal lobulation ( arrow ) ( d ). Note cortical column under the fetal lobulation       

a b c

  Fig. 12.8    Scintigraphic patterns of acute pyelonephritis: 
acute pyelonephritis usually presents either as a single 
focus ( a ) or multiple foci ( b ) of decreased uptake without 

volume loss ( arrows ). A less common pattern is panpyelo-
nephritis manifesting as diffusely decreased uptake in an 
enlarged kidney ( c )       
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detection and localization of APN, studies were 
conducted in a piglet model of surgically induc-
ing unilateral vesicoureteral refl ux of infected 
urine and using strict histopathologic criteria as 
the standard of reference [ 40 ,  41 ]. Planar DMSA 
scans using pinhole magnifi cation were highly 
reliable for detecting and localizing experimental 
APN with a sensitivity of 87–89 % and specifi c-
ity of 100 % in both studies. When individual 
pyelonephritic lesions were analyzed, DMSA 
scan fi ndings correlated with histopathological 
changes with an agreement rate of 89–94 %. 
Those lesions not detected were microscopic foci 
of infl ammation not evident on gross examina-
tion and not associated with signifi cant parenchy-
mal damage. 

 Not only is DMSA scintigraphy highly sensi-
tive and specifi c for the diagnosis of APN, but it 
also provides important information regarding 
renal function and the extent of renal parenchy-
mal infl ammation. Documentation of renal 
parenchymal damage associated with APN is 
fundamental to understanding the relative roles 
of infection and vesicoureteral refl ux in the etiol-
ogy of pyelonephritis and renal scarring.  

    Pinhole Versus SPECT Imaging 

 In some clinical studies, SPECT imaging is 
reported to be more sensitive than pinhole 
imaging for detecting APN [ 42 – 44 ]. However, 
in experimentally induced pyelonephritis in 
piglets, using histopathologic criteria as the 
standard of reference, the sensitivity and speci-
fi city for detecting affected renal zones were 
86 % and 95 % for pinhole imaging and 91 % 
and 82 % for SPECT. The overall accuracy was 
88 % for both techniques in assessing kidney 
involvement [ 45 ] (Fig.  12.10 ). Thus, SPECT 
imaging appears to be slightly more sensitive 
than standard pinhole imaging but may result 
in more false-positive fi ndings. Furthermore, it 
may be easier to differentiate acute infl amma-
tory changes from chronic renal scarring with 
pinhole imaging.

      MAG 3 Renal Scan 
 Technetium-99 m labeled mercaptoacetyl trigly-
cine is a renal imaging radiopharmaceutical 
which is rapidly picked up and secreted by the 
tubular cells yielding excellent visualization of 

  Fig. 12.9    Scintigraphic patterns of cortical scars in three different patients: cortical scars appear either as focal areas 
of decreased uptake with volume loss, cortical thinning, or as a more extensive polar or global volume loss ( arrows )       
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pelvicalyceal systems and ureter making it the 
radiopharmaceutical of choice for dynamic renal 
imaging such as diuresis renography and capto-
pril renography. However, its high cortical con-
centration during the fi rst few minutes after 
injection and subsequent rapid clearance may 
allow detection of focal cortical functional abnor-
malities. The expected fi nding in APN would be 
focal decreased uptake on the early images with 
subsequent poor clearance (cortical retention) in 
the same area. 

 In a clinical comparative study, Piepz et al. 
concluded that the accuracy of the MAG3 renal 
scan was population dependent. When the DMSA 
scan was normal or very abnormal, the MAG3 
image correctly refl ected the fi ndings of the 
DMSA renal scan. However, when the DMSA 
abnormalities were less pronounced, the early 
MAG3 scan failed to detect about half of the 
cases [ 46 ].  

    Computed Tomography (CT) Scans 
 Abdominal CT scanning is an effective rapid 
imaging technique for documenting the nature 
and extent of renal parenchymal involvement and 

for evaluation of perinephric space as well as 
other abdominal viscera. However, because of 
high radiation dose and the need for rapid IV 
administration of iodinated contrast media, its 
routine use in evaluating children with UTI is 
impractical and should be reserved for compli-
cated cases. 

 APN lesions typically appear as wedge- 
shaped, ill-defi ned, or striated areas of decreased 
attenuation (Fig.  12.11 ). In an experimental 
refl uxing piglet study performed by Majd et al., 
the CT scan proved to be highly accurate for the 
detection of pyelonephritic lesions with sensitiv-
ity and specifi city similar to DMSA SPECT and 
MRI [ 35 ].

       Magnetic Resonance Imaging (MRI) 
 Magnetic resonance imaging (MRI) with IV 
administration of gadolinium has been shown to 
be highly accurate for the detection of pyelone-
phritic lesions both in clinical and experimental 
studies. The fast inversion recovery sequence 
markedly decreases the signal intensity of normal 
parenchyma and allows pyelonephritic lesions to 
be seen as foci of medium or high signal intensity 

a b

  Fig. 12.10    ( a ) Posterior-oblique pinhole and ( b ) coronal 
and sagittal SPECT images of  99m Tc-DMSA renal scan in 
a young pig with bilateral vesicoureteral refl ux and acute 
pyelonephritis 48 h after introduction of  E. coli  broth into 

the bladder. Photopenic lesions in the left upper and lower 
poles are demonstrated by both techniques ( arrows ) 
(From Pohl et al. [ 142 ]. Reprinted with permission from 
Informa Healthcare)       
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(Fig.  12.12 ). In a clinical study, the sensitivity of 
MRI was similar to that of DMSA scan [ 47 ]. In 
an experimental refl uxing piglet study, MRI 
showed high sensitivity and specifi city for detec-
tion of pyelonephritic lesion similar to DMSA 
SPECT and CT [ 35 ] (Table  12.1 ).

    Renal scars appear as a focal area of paren-
chymal volume loss with deformity of the renal 
contour and can be easily differentiated from 
APN [ 48 ]. Renal function can be estimated on 
MRI without ionizing radiation and iodinated 
contrast media. In one study of children with 
febrile UTIs, the cortical phase of contrast- 
enhanced MRI demonstrated greater interob-
server agreement and cost-effectiveness when 
compared with DMSA for the diagnosis of pyelo-
nephritis [ 10 ].    

  Fig. 12.11    Bilateral multifocal acute pyelonephritis in a 
4-year-old female with fever, abdominal pain, and shock. 
Transverse and coronal CT images demonstrate multiple 

striated areas of hypoattenuation in the swollen left kid-
ney and less severe involvement of the right kidney       

  Fig. 12.12    MRI manifestation of acute pyelonephritis: 
coronal post-gadolinium fast multiplanar inversion recov-
ery images demonstrate foci of high signal intensity in the 
upper and lower poles of the right kidney and the lower 
pole of the left kidney against a background of low signal 
in the normal cortex ( arrows )       
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    Fungal Infections 

 Renal fungal infections are most often recog-
nized in high-risk groups of neonates and infants. 
Reported mortality rates in children with candi-
demia range from 19 to 31 % and with invasive 
aspergillosis from 68 to 77 % [ 49 ]. Premature, low-
birth-weight infants are at highest risk for dissemi-
nated candidiasis secondary to immature immune 
systems, increased invasive procedures, use of H2 
blockers, and multiple courses of antibiotics [ 50 ]. 

 Renal candidiasis is a combination of candi-
duria and ultrasound evidence of renal parenchy-
mal infi ltration or fungal bezoars in the collecting 
system. Fungal bezoars are a rare complication that 
may cause urinary obstruction [ 51 ]. In  neonates 
with candiduria, the reported incidence of renal 
candidiasis varies between 35 and 58 %, whereas 
patients with candidemia have a 61–70 % preva-
lence of candiduria and 5–33 % incidence of renal 
candidiasis [ 51 ]. Term infants and older children 
with congenital abnormalities of the urinary tract 
are also at higher risk for candiduria [ 52 ]. 

 The presentation of candiduria may be 
asymptomatic or as an acute urinary infection 
with symptoms of dysuria, cloudy urine, fever, 
or failure to thrive. Currently there is no stan-
dard defi nition used for diagnosis of candida 
UTI; however, most of the reported literature 
uses 10 4  colony-forming units/mL via catheter-
ized specimen. Obstructive renal candidiasis 
may present with sepsis, acute renal failure, or 
palpable fl ank mass. The clinical presentation of 
systemic candidemia is similar to bacterial sepsis 
with lethargy, feeding intolerance, apnea, and/or 

respiratory distress [ 51 ]. Neonatal candidemia 
often involves multiple organ systems. Due to the 
invasive nature of this disease work-up should be 
performed to rule out systemic fungal infection if 
candida UTI is found. This includes blood, urine, 
and cerebral spinal fl uid cultures, eye examina-
tion, echocardiogram, and imaging of the liver, 
spleen, and kidneys [ 53 ]. 

    Imaging of Renal Fungal Infections 

    Sonography and IVP 
 Renal ultrasonography is performed routinely 
in cases of candiduria and systemic candidemia. 
In obstructive renal candidiasis dilation of the 
upper urinary tract is visualized as well as fun-
gal masses (bezoars). It is possible to see focal 
or diffuse parenchymal changes in nonobstruct-
ing renal candidiasis [ 51 ]. Fungal masses on 
ultrasound are hyperechoic structures within 
the collecting system that do not have acoustic 
shadowing [ 54 ] (Fig.  12.13 ). The differential for 
these fi ndings includes urolithiasis, nephrocalci-
nosis, clot, debris, and tumor. Fungal infi ltration 
of the kidney may be seen on ultrasound in the 
presence of positive urine and/or blood cultures. 
The ultrasound fi ndings are characterized by 
enlarged kidneys with diffusely increased echo-
genicity [ 55 ].

       DMSA 
 Use of DMSA for renal candidiasis was reported 
in one case study, and it did not aid in diagnosis 
but did demonstrate decrease uptake and corre-
sponding renal parenchymal damage [ 56 ]. In 
cases where fungal bezoars persist following 
treatment and lead to reinfection, DMSA may be 
helpful in determining differential renal function. 
If the affected kidney is poorly functioning, then 
surgical planning for nephrectomy, endoscopic 
manipulation, or percutaneous resection may be 
considered.  

    CT Scans 
 Although ultrasonography is used more com-
monly in critically ill neonates, occasionally CT 

   Table 12.1    Diagnosis of experimental acute pyelone-
phritis in piglets: comparison of DMSA, MRI, CT, and 
power Doppler   

 SPECT  Gadolinium  Spiral  Doppler 

 DMSA (%)  MRI (%)  CT (%)  Sono (%) 

 Sensitivity  94  91  87  56 
 Specifi city  98  92  92  81 
 Overall 
accuracy 

 96  91  90  69 

   Source : Majd et al. [ 35 ]  
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scans have been used to diagnose renal candidi-
asis. The appearance of fungal bezoars is that of 
a soft tissue masses in the collecting system 
[ 55 ]. CT scan with delayed urogram was 
reported to assist in the rare diagnosis of a neo-
nate with candida infection and urinary ascites 
secondary to fungal obstruction and forniceal 
rupture [ 57 ].  

    MRI 
 MRI imaging was reported to be superior to CT 
scan for imaging of fungal balls in the collecting 
system. On the T2-weighted phase and STIR 
(short TI inversion recovery) images, the bezoars 
were hyperintense compared to renal paren-
chyma [ 58 ]. While this modality is excellent for 
demonstrating fungal bezoars, it often requires 
anesthesia and is a lengthy test that is risky in 
critically ill patients such as septic neonates. 
Other studies have shown, however, that MRI 
imaging was less effective than ultrasound at 
detecting fungal bezoars [ 56 ].    

    Tuberculosis (TB) 

 Genitourinary tuberculosis (GUTB) is the sec-
ond most common site of extrapulmonary tuber-
culosis. While 90 % of GUTB cases occur in 
non- westernized populations where TB is still 
endemic [ 59 ], a resurgence is anticipated in 
western countries due to the spread of HIV and 
acquired immunodefi ciency syndrome (AIDS) 
[ 60 ]. The classic presentation of renal TB is kid-
ney damage from obstruction or massive caseous 
destruction [ 62 ]. TB infection occurs through 
inhalation of aerosolized Mycobacterium tuber-
culosis bacilli. The kidneys are infected through 
hematogenous spread of the bacilli. The bacilli 
pass down the renal tubules involving the renal 
calyces and can eventually enter the renal pelvis 
and attach to the urothelium. Stricture formation 
commonly results in hydroureter or hydronephro-
sis, and up to 10 % of patients with renal TB have 
bladder contractures [ 59 ]. In addition, GUTB 
may spread to the prostate and epididymis. 

  Fig. 12.13    Bilateral renal fungal infection in an infant with candidemia: sonogram shows multiple discrete nonshad-
owing echogenic foci within the calyces of both kidneys (fungus balls)       
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    Imaging of Renal Tuberculosis 

    Sonography and IVP 
 Ultrasonography is the least specifi c imaging 
technique when compared with IVU and CT 
scan, particularly when evaluating the renal 
parenchyma. It is still particularly useful in diag-
nosis of epididymal involvement and TB orchitis 
[ 67 ]. IVP is similar to CT scan in the ability to 
demonstrate focal scars and hydronephrosis and 
is reported to be superior to CT scan for showing 
abnormalities of the bladder [ 59 ]. In late-stage 
disease, IVP demonstrates distortion of the caly-
ces, strictures of the ureters, and bladder fi brosis 
[ 63 ]. Irregularities of the calyceal or parenchy-
mal contour, calcifi cation, or autonephrectomy 
can also be demonstrated [ 59 ] (Fig.  12.14 ).

       CT Scans 
 CT scan has the benefi t of demonstrating abnor-
malities and lesions within and outside the uri-
nary tract that are suggestive of GUTB. CT scan 
is the most sensitive method for detecting renal 
calcifi cation. It is also best for detection of thick-
ening, fi brosis, and ulceration along the renal 
tract. Findings of thickening and fi brosis of the 
bladder wall may be suggestive of tuberculosis 
cystitis [ 59 ]. Due to the rarity of pediatric renal 
TB, there is a paucity of literature regarding rou-
tine diagnostic use of CT scan in children for TB 
(Fig.  12.15 ).

  Fig. 12.14    IVP demonstration of renal tuberculosis: a 
calcifi cation rimmed cavity does not fi ll with IV contrast 
( arrow ) (From Patterson et al. [ 143 ]. Reprinted with per-
mission from Blackwell Publishing)       

  Fig. 12.15    CT scan in same patient as Fig.  12.14 : ( a ) CT 
scan with IV contrast shows a calcifi ed caseation of an 
upper pole lesion which does not fi ll with contrast. ( b ) CT 
nephrogram phase showing a calcifi ed granulomatous 
lesion ( arrow ) (From Patterson et al. [ 143 ]. Reprinted 
with permission from Blackwell Publishing)       

a

b
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       DMSA 
 A DMSA scan may be helpful in guiding surgical 
management of patients who are being evaluated 
for nephrectomy. If a nonfunctioning kidney is 
present often nephrectomy will be performed to 
eradicate disease.  

    MRI 
 Due to the cost limitations and availability of 
MRI in areas where GUTB is prevalent, MRI has 
been a rarely used imaging modality.    

    Renal Abscess 

 Renal abscess is a rare form of pediatric infec-
tion. The three basic pathophysiologic mecha-
nisms of renal abscess formation are 
hematogenous spread, ascending infection, and 
contamination by proximity to an infected area 
[ 68 ]. In the past, the majority of renal abscesses 
were not thought to be caused by ascending 
infection. Historically, Staphylococcus aureus 
was the most common reported offending agent 
presumably as a result of hematogenous seeding 
from a peripheral cutaneous site of origin [ 69 , 
 70 ]. More cases of gram-negative infections in 
the presence of vesicoureteral refl ux or other ana-
tomic abnormalities of the urinary tract are now 
being seen [ 71 ]. 

 Abscesses can originate in the corticomedul-
lary portion of the kidney, the renal cortex, or 
within layers of Gerota’s fascia [ 68 ]. Symptoms of 
renal abscess are often nonspecifi c which may 
lead to a delay in treatment. It can mimic symp-
toms of appendicitis or, when a palpable mass is 
present, may be mistaken for neoplasm, i.e., 
Wilms’ tumor or neuroblastoma. The most com-
mon presentation of a renal abscess includes high 
fever, lethargy, and fl ank pain associated with lab-
oratory fi ndings of leukocytosis and elevated ESR. 
Dysuria and/or foul-smelling urine is not regularly 
seen with initial presentation, and the patient may 
have sterile urine cultures, particularly in cases of 
hematogenous seeding. A variety of imaging tech-
niques have been used to diagnose renal abscesses, 
including IVP, angiography, gallium-67 scintigra-
phy, sonography, and CT [ 72 – 76 ]. 

    Imaging or Renal Abscesses 

    Sonography and IVP 
 Traditionally IVP and occasionally angiography 
were used to diagnose a renal abscess [ 69 ]. 
Findings suggestive of renal abscess were intrin-
sic masses with calyceal deformity and dimin-
ished renal function. However, with advances in 
imaging, ultrasound and CT have become the 
most common diagnostic imaging for renal 
abscesses [ 76 ]. In children, ultrasound is the pri-
mary imaging modality of choice to help limit 
radiation exposure. Typical fi ndings on renal 
ultrasound consistent with renal abscess are pres-
ence of anechoic or septated renal masses [ 76 ] 
(Fig.  12.16 ). Ultrasound may also be used to 
assist therapeutically; ultrasound-guided sam-
pling for culture of a renal abscess can help dic-
tate specifi c antibiotic therapy. It can also be used 
to facilitate treatment with complete abscess per-
cutaneous aspiration and/or drain placement. 
Ultrasound is also useful for follow-up and deter-
mining resolution of abscess during the course of 
treatment as it is noninvasive and does not expose 
the patient to radiation.

       VCUG 
 VCUGs are often obtained in children with renal 
abscesses as part of an evaluation to determine if 
any genitourinary abnormality is present. This 
information is necessary for prevention and man-
agement of future infections. A VCUG is not 
useful in acute diagnosis of renal abscess and is 
contraindicated at time of infection. When VUR 
is associated with renal abscess, the causative 
organism is often found to be gram-negative bac-
teria [ 69 ].  

   CT Scan 
 Although CT scans are less often used in chil-
dren, renal abscess cavities can have varying lev-
els of necrosis and septation, at times, making it 
diffi cult to distinguish from renal neoplasm on 
sonography. CT scans maybe utilized for clarifi -
cation when MRI is not available or sedation of 
the patient is not desired [ 77 ]. Findings on CT 
scan consistent with renal abscess are well- 
defi ned areas of low attenuation which develop a 
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rim of peripheral enhancement after infusion of 
intravenous contrast; however, the lesion itself 
does not enhance [ 76 ] (Fig.  12.16 ).  

   MRI 
 At this point in time, there are no studies in chil-
dren demonstrating a defi nitive benefi t of MRI 
for managing renal abscesses and is therefore not 
being used routinely in their evaluation. The use 
of MRI has been reported in the adults where 
lesions are concerning for malignancy and need 
to be distinguished from abscess.   

    Treatment of Renal Abscess 

 The classic treatment of renal abscess has been 
surgical drainage in addition to appropriate anti-
biotic therapy. However, improved antibiotics 
and diagnostic techniques, together with the abil-
ity to obtain culture by percutaneous aspiration 
or drainage under ultrasonic control, have often 

obviated the necessity for surgical intervention. 
Currently, most cases of renal abscess initially 
can be managed initially with parenteral antibiot-
ics, with percutaneous drainage being reserved 
for persistent infection. If percutaneous drainage 
of the renal abscess and antibiotic treatment fail 
to successfully eradicate the abscess, open explo-
ration or even nephrectomy may be necessary.   

    Xanthogranulomatous 
Pyelonephritis 

 Xanthogranulomatous pyelonephritis (XGP) 
was fi rst reported in 1916 by Schlagenhaufer 
[ 78 ]. The etiology of XGP remains unknown but 
is often associated with urinary tract obstruc-
tion, infection, and/or renal stones. XGP is an 
atypical form of severe chronic renal parenchy-
mal infection characterized by unilateral 
destruction of parenchyma and accumulation of 
lipid-laden macrophages either surrounding 

a

c d e

b

  Fig. 12.16    Subcapsular abscess in a 6-year-old male 
with fl ank pain and low-grade fever: the renal sono-
gram shows a circumscribed area of mixed echogenicity 
( arrow ) ( a ) with absent perfusion on Doppler image ( b ). 
Transverse ( c ) and coronal ( d ) CT images demonstrate a 

large  collection of fl uid compressing the medial aspect 
of the lower pole of the left kidney. Follow-up CT scan 
( e ) 2 weeks after percutaneous drainage and intravenous 
antibiotics shows complete resolution of the abscess and 
re-expansion of the renal parenchyma       
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abscess cavities or as discrete yellow nodules. 
While it predominately affects middle-aged 
women, it may occur in all ages. It is rare in chil-
dren with only 265 reported cases since 1960 
[ 79 ]. The age of presentation has ranged from 
infancy to 16 years with the most common age 
of presentation less than 8 years old and rare 
presentations in infancy [ 78 ]. XGP is focal in 
only about 10 % of cases and is most commonly 
caused by Proteus mirabilis or Escherichia coli 
infection with 50–75 % of patients having posi-
tive urine cultures [ 78 ,  80 ]. 

 Most patients present with nonspecifi c symp-
toms of chronic infection, including weight loss, 
recurrent fever, failure to thrive, pallor, and leth-
argy, although those with the focal form often 
appear healthy [ 81 ,  82 ]. Urinary symptoms are 
uncommon, and less than half of the patients 
present with hypertension [ 83 ]. A palpable 
abdominal mass is present in approximately one- 
third of cases. 

 Both diffuse and focal forms of the disease 
have been reported, with the focal form being 
more common in children [ 81 ,  84 ]. Calcifi cation 
or stones may be present in 70–79 % of patients 
with staghorn calculi being common, although 
this is less often seen in the focal XGP [ 78 ]. In 
children less than 8 years of age, the disease is 
usually focal, unilateral with left predominance, 
and without calculus [ 78 ]. The pathologic and 
radiologic differences between focal and diffuse 
XGP have been described [ 86 ]. No radiologic 
feature is diagnostic of XGP. 

    Imaging of Xanthogranulomatous 
Pyelonephritis 

   Sonography and Intravenous 
Pyelography (IVP) 
 In the diffuse form of XGP, the typical ultrasound 
fi ndings are increased renal size, replacement of 
normal parenchyma with multiple fl uid-fi lled 
masses, and posterior acoustic shadowing due to 
calcifi cations [ 87 ]. In the focal form, hypoechoic 
areas due to distended calyces and an infl amma-
tory mass with a central hyperechoic area con-
sisting of granulomatous tissue are noted [ 78 ].  

   Power Doppler 
 It has been suggested that use of a power color 
Doppler may be useful in the differentiation of 
XGP from neoplasm. In a retrospective examina-
tion of patients found to have XGP following 
nephrectomy, it was noted that both patients had 
lack of perfusion for the expanding intrarenal 
process [ 88 ]. This is directly contrasted to a renal 
neoplasm in which increased perfusion is found 
on color Doppler.  

   DMSA or MAG-3 Scintigraphy 
 While Tc-99 DMSA renal scintigraphy is the 
imaging of choice to assist in estimating relative 
renal function [ 78 ]. Tc-99m MAG3 can be used 
[ 88 ]. These studies can be especially helpful 
when attempting to determine surgical benefi ts of 
partial versus total nephrectomy.  

   CT Scan 
 Characteristic sonographic or CT appearances of 
XGP also have been reported [ 89 ]. Typically, this 
is characterized by dilated calyceal spaces pro-
ducing the “bear paw sign” [ 78 ]. CT scan enables 
excellent cross-sectional imaging which helps 
determine extrarenal extension. Some studies 
have demonstrated that four-phase CT scan is as 
accurate as MRI for the preoperative diagnosis of 
XGP [ 90 ] (Fig.  12.17 ).

      MRI 
 MRI generally demonstrates an enlarged, multi-
loculated kidney. It has the benefi t of distinguish-
ing fatty tissue and detection of abscess and 
fi stula formation as well as providing MR angi-
ography that aids in surgical planning [ 78 ]. 
Chemical shift MR imaging (in and out of phase) 
is useful to detect small amounts of intracellular 
fat and with known lipid-laden macrophages 
being a hallmark of XGP. MRI may benefi t in the 
differentiation of XGP from a neoplasm [ 91 ]. 

 The abovementioned radiologic features are 
nonspecifi c and often mimic neoplasia or other 
forms of chronic infl ammatory renal parenchy-
mal disease. Consequently, the correct diagnosis 
is seldom made preoperatively, although with 
the increased sensitivity of radiologic investiga-
tions, preoperative diagnosis is becoming more 
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 common [ 78 ,  85 ,  90 ]. Differential diagnosis in 
children includes Wilms’ tumor, renal cell car-
cinoma, mesoblastic nephroma, renal abscess, 
tuberculosis, hydronephrosis, and cystic renal 
disease. Fine-needle aspiration biopsy has been 
used to assist in preoperative diagnosis, with suc-
cess limited to the diffuse form [ 92 ].    

    Renal Scarring 

 It has become increasingly clear that the term 
renal scarring has been applied to the end result 
of more than one type of pathophysiological 
process, including abnormalities that are both 
congenital and those that are acquired postna-
tally, i.e., following infection. Partly because 
most renal scars detected in children with prior 
urinary tract infection(s) are established by the 
time of initial evaluation, their pathogenesis 
remains controversial [ 93 – 95 ]. Although the vast 
majority of cases of renal scarring associated 
with VUR are detected during the evaluation of 
children with UTI, DMSA studies of prenatally 
detected hydronephrosis secondary to high-grade 
VUR also have confi rmed cases of congenital 
functional abnormalities even in the absence of 
infection [ 96 – 101 ] (see Fig.  12.18 ). Furthermore, 
a higher prevalence of renal scarring has been 
reported in children with secondary VUR associ-
ated with functional or anatomical bladder outlet 
obstruction, including posterior urethral valves 
and neuropathic bladders, than in children with 
primary VUR [ 102 ]. Lumping renal sequelae 
from all of these pathophysiologic entities under 
the terms “renal scarring” or “refl ux nephropa-
thy” has hampered attempts at understanding the 
pathogenic mechanisms involved.

   The critical role that infection plays in the 
pathogenesis of renal scarring associated with 
refl ux was clarifi ed in Ransley and Risdon’s clas-
sic experimental studies of VUR in piglets [ 103 ]. 
They demonstrated that in the face of VUR and 
normal voiding pressures, renal scarring occurs 
only when urinary infection is present. Refl ux in 
the absence of infection caused renal changes 
only when bladder outlet resistance was 
increased, i.e., obstruction, not refl ux, was the 
pathophysiologic explanation for renal damage. 
It was suggested that the portions of the kidney at 
risk for scarring are those susceptible to pyelotu-
bular backfl ow (intrarenal refl ux), based on pap-
illary morphology and confi guration. 

 Clinically, new or progressive scarring is 
almost always associated with a history of UTI. 
Experimental studies and clinical experience 
have shown that even a single episode of 

a

b

  Fig. 12.17    A 3-year-old girl with XGP. ( a ) Sonographic 
image demonstrating an enlarged left kidney as well as 
multiple dilated calyces fi lled with debris ( asterisks ). An 
echogenic, shadowing calculus ( arrow ) is seen within the 
renal pelvis. ( b ) Axial contrast-enhanced CT image show-
ing multiple hypoattenuating areas within an enlarged left 
kidney. Larger, more central low-attenuation areas likely 
represent debris-fi lled calyces ( asterisks ), while more 
peripheral, smaller low-attenuation areas ( arrowheads ) 
likely relate to parenchymal necrosis. A hyperattenuating 
calculus is seen within the left renal pelvis ( arrow ). There 
is left perinephric fat infl ammatory stranding and multiple 
enlarged retroperitoneal lymph nodes (From Styne et al. 
[ 144 ]. Reprinted with permission from Springer-Verlag)       
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 pyelonephritis can lead to signifi cant renal dam-
age [ 104 ,  105 ]. There is a clear association 
between the number of pyelonephritic attacks 
and incidence of renal scarring [ 106 – 109 ] and a 
correlation between the severity of VUR and 
renal scarring [ 106 ,  109 – 112 ]. Both experimental 
and clinical studies have shown that some renal 
scarring can be prevented or diminished by early 
antibiotic treatment [ 104 ,  113 – 115 ]. When VUR 
is present, progressive renal scarring can be suc-
cessfully prevented by keeping the patient free of 
infection [ 111 ,  112 ,  116 ]. 

    Imaging of Renal Scarring 

 In the past, the primary imaging modality for 
detecting renal scarring was the intravenous 
pyelogram. Although relatively sensitive for the 
detection of renal scarring, the IVP is not sensi-
tive in the detection of APN [ 117 ]. Furthermore, 
pyelographic evidence of new renal scarring may 

take two or more years to develop after a docu-
mented urinary tract infection [ 107 ,  118 ]. IVP 
has been replaced by nuclear scintigraphy and 
MRI as improved modalities for demonstrating 
the presence of renal scarring. 

   DMSA 
 DMSA renal cortical scintigraphy is capable of 
detecting both the infl ammatory changes of acute 
pyelonephritis and renal scarring. Several studies 
comparing the DMSA renal scan to the IVP in 
the detection of renal scarring have demonstrated 
a greater sensitivity with DMSA imaging, espe-
cially in younger children [ 30 ,  119 – 124 ]. Merrick 
et al. compared the fi ndings of IVP to DMSA 
scans in 79 children who had proven urinary tract 
infection and had been followed for a period of 
1–4 years [ 119 ]. Sensitivity of IVP for the detec-
tion of renal scars was 80 % and specifi city was 
92 %, whereas cortical scintigraphy had a sensi-
tivity of 92 % and specifi city of 98 %. When both 
IVP and DMSA scintigraphy demonstrate scars, 

a

b

  Fig. 12.18    Progression of 
acute pyelonephritis to renal 
scar: initial scan shows acute 
pyelonephritis (AP) in the 
left upper pole ( a ) and 
smaller photopenic focus 
in the lateral aspect of the 
lower pole ( arrows ). 
Follow-up DMSA scan 
several months later 
demonstrates discrete renal 
scars with loss of cortex in 
the same areas of the kidney 
( arrows ) ( b )       
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an excellent correlation on a site-by-site basis has 
been reported [ 119 – 121 ,  123 ,  125 ]. When com-
pared with histology in an animal model, the sen-
sitivity of the DMSA scan for the detection of 
renal scarring in 60 piglets with refl ux and 
infected urine was 85 % and the specifi city was 
97 % [ 126 ]. Thus, DMSA renal cortical scintig-
raphy offers a superior opportunity to study the 
progression of renal damage or functional loss 
from the time of the initial insult until either com-
plete healing or irreversible scarring develops. 

 Studies comparing ultrasonography with 
DMSA scintigraphy for the detection of renal 
scarring, consistently report greater sensitivity 
with DMSA renal scans [ 27 ,  30 ,  31 ]. In one 
study, Yen and associates compared ultrasound, 
IVP, and both planar and SPECT DMSA renal 
scintigraphy in the evaluation of 130 children 
with UTI (42 patients), VUR (37 patients), and 
unilateral or bilateral small kidneys (51 patients) 
[ 32 ]. SPECT imaging of DMSA scans detected 
the highest number of defects, followed by planar 
imaging. 

 Renal scars detected by DMSA scintigraphy 
appear as focal or generalized areas of dimin-
ished uptake of DMSA associated with loss or 
contraction of functioning renal cortex. This may 
appear as thinning or fl attening of the cortex in 
some kidneys, while in others renal scars appear 
as classic discrete wedge-shaped parenchymal 
defects (Fig.  12.9 ). In more severe cases, gener-
alized damage may be associated with multifocal 
or diffusely scarred kidneys and reduced differ-
ential renal function. In contrast, defects associ-
ated with APN are more typically characterized 
by focal areas of diminished uptake but with 
preservation of the normal renal contour 
(Fig.  12.8 ). Although it is often possible for an 
experienced observer to distinguish acute versus 
chronic lesions, it should be recognized that this 
differentiation may be less apparent in those kid-
neys with APN superimposed on preexistent 
renal scarring.  

   MRI 
 Renal scarring can be seen easily on MRU. It 
appears as focal areas of parenchymal volume 
loss with deformity of the renal contour, with or 

without associated deformity of the underlying 
calyx [ 48 ]. The cost, availability, length of exam 
time, and need for anesthesia in many children 
are limiting factors for utilizing this modality 
routinely for renal scarring evaluation. However, 
it does have the benefi t of both functional and 
anatomic studies in one examination so it may be 
useful in some pediatric evaluations [ 127 ].   

    Congenital Renal Scarring Associated 
with Refl ux 

 With increasing access and usage of antenatal 
ultrasonography, it has become apparent that 
many of the scars attributed to VUR actually 
occur in utero and represent a developmental 
abnormality and not acquired pyelonephritic 
changes [ 128 ,  129 ]. Acquired damage is the 
dominant etiology in girls with febrile UTI, while 
congenital damage is mostly seen in boys. Severe 
refl ux may be associated with signifi cant renal 
dysplasia thought to result from abnormal induc-
tion of the nephrogenic cord during embryogen-
esis [ 130 ,  139 ]. Several reports have described 
DMSA scan renal functional abnormalities in 
patients with primary vesicoureteral refl ux 
detected prenatally [ 96 – 100 ,  132 ]. The reported 
incidence of renographic abnormalities in these 
studies has varied widely, ranging from 17 to 
60 % [ 96 ,  97 ,  99 ]. Many of these infants were 
evaluated by renal scintigraphy prior to any 
known episodes of infection, confi rming that the 
functional abnormalities present at birth repre-
sent a congenital fetal nephropathy rather than a 
secondary acquired abnormality.  

    New or Acquired Scarring 

 Historically, a common assumption was that 
VUR was an absolute prerequisite for new or 
acquired renal scarring. This mindset was perpet-
uated by earlier investigations of new or acquired 
renal scarring, most of which focused retrospec-
tively on patients with known VUR. Several 
investigators have now evaluated the evolution of 
the acute infl ammatory changes associated with 
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pyelonephritis using serial DMSA renal scans 
[ 133 – 137 ]. The interval from the initial DMSA 
scan obtained at the time of acute infection 
until the repeat scan has ranged from 3 months 
to 2 years. The majority of acute pyelonephritic 
defects resolved after prompt treatment with 
antibiotics (Fig.  12.18 ). Acute DMSA renal scan 
defects persisted as renal scarring in 36–52 % of 
kidneys. The sites of new renal scarring corre-
sponded exactly to those sites of APN seen on 
the initial DMSA renal scans, confi rming the pri-
mary role of the acute infl ammatory response to 
infection in the etiology of acquired renal scar-
ring (Fig.  12.19 ). Contralateral normal kidneys 
and initially uninvolved areas of abnormal kid-
neys have almost always remained normal on fol-
low-up DMSA renal scans. Surprisingly, refl ux 

has been present in only 25–50 % of kidneys that 
developed new renal scarring. This is attributable 
in part to the fact that the majority of patients 
(63–75 %) with acute infl ammatory changes on 
the initial DMSA renal scans did not have VUR. 
These observations provide convincing clinical 
evidence that renal parenchymal infection, rather 
than vesicoureteral refl ux, is the prerequisite for 
acquired (postnatal) renal scarring. Once bacte-
ria have invaded the renal parenchyma, causing 
infl ammation demonstrated by DMSA scans, the 
propensity for renal scarring can be equally as 
great whether or not refl ux is present, depending 
on the extent of the initial infl ammatory response.

   Despite these fi ndings, the importance of 
VUR (particularly grades III or higher) as a risk 
factor for renal scarring should not be discounted. 

a

b

  Fig. 12.19    Resolution of acute pyelonephritis:  initial 
scan demonstrates a large photopenic area in the left 
upper pole ( arrow ) ( a ). Repeat DMSA scan 8 months later 

shows  complete resolution of acute infl ammatory changes 
 without renal scarring ( b )       

 

D.C. Rice et al.



271

Clearly, patients with moderate and severe refl ux 
are much more likely to develop acute pyelone-
phritic damage than children with mild or no 
refl ux [ 16 ,  138 ]. Furthermore, although 62 % of 
the kidneys with post-pyelonephritic renal scar-
ring in one study were drained by nonrefl uxing 
ureters, renal scarring was still signifi cantly more 
common in those kidneys with grade III or higher 
VUR compared with kidneys with mild or no 
refl ux [ 139 ]. Thus, the increased propensity for 
scarring in patients with higher grades of VUR is 
attributable in part to the increased risk of these 
kidneys for acute infl ammatory damage at the 
time of the initial infection [ 28 ,  138 ,  140 ]. When 
present, moderate or severe refl ux (grade > III) 
remains the most signifi cant host risk factor for 
APN and renal scarring. 

 Other risk factors for the development of renal 
scarring include associated bladder pathology, 
regardless of whether refl ux is present. In one 
study, the frequency of new renal scarring was 
signifi cantly higher in kidneys associated with 
overt bladder pathology compared with those 
with normal bladders (86 % versus 32 %; 
 p  = 0.028) [ 136 ]. Urodynamic evaluation of chil-
dren with neuropathic bladders associated with 
spina bifi da has demonstrated that increased 
intravesical pressure may lead to upper tract 
deterioration, with or without vesicoureteral 
refl ux [ 141 ]. Animal studies have also shown an 
increased propensity for renal scarring when 
infection and refl ux occur in the presence of blad-
der outlet obstruction [ 103 ].   

    Summary 

 There are many choices for imaging for pediatric 
patients with renal infections. There have been 
numerous studies examining which studies are 
best for which diseases and patients. Overall it is 
preferred in the pediatric population to begin 
with noninvasive, no radiation studies such as the 
ultrasound; however, the decreased accuracy of 
sonography for the detection of APN and renal 
scarring limits its applicability. DMSA scans, CT 
scan, and MRI are generally equivalent in ability 
to detect renal parenchymal abnormalities beyond 
ultrasonic evaluation, but the argument ensues 

whether long-term risk of radiation exposure in 
CT scans and DMSA scans is more of a concern 
than the costs and need for heavy sedation or 
anesthesia for MRI. Availability and cost are also 
increasingly popular topics of discussion in the 
medical community. 

 Ultimately the advances in imaging modali-
ties over the past few decades have undeniably 
infl uenced physician’s ability to successfully care 
for and treat their patients. The accuracy of imag-
ing enables clinicians to diagnose and treat 
patients early in their course of disease. However, 
even with all of the changes, there are still many 
philosophies regarding which tests should be per-
formed and at what point in the course of treat-
ment. The ideal imaging modality would be 
noninvasive, cost-effi cient, without risk, and 
readily available in all areas of the country. In 
addition, it would be able to perform both ana-
tomical and functional studies in one test and 
have randomized trials to prove its benefi ts over 
traditional imaging methods. Until the point in 
time where such an exam and clinical trials exist, 
we will have to rely on current and historical data 
evaluating sonography, DMSA, CT scans, and 
MRI for our current standard of care models.     
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     Abbreviations 

   US    Ultrasound   
  CT    Computed tomography   
  IVP    Intravenous pyelography   
  UPJ    Ureteropelvic junction   
  SWL    Shock wave lithotripsy   
  MRI    Magnetic resonance imaging   
  MCDK    Multicystic dysplastic kidney   

          Overview of Urolithiasis in the 
Pediatric Patient 

 There has been a surge in pediatric stone disease 
over the past decade, partially attributed to chang-
ing diets high in sodium and protein, increasing 
obesity, and decreasing fl uid intake [ 1 – 3 ]. A study 
of the Pediatric Health Information Database 
found a threefold increase in the diagnosis of 

pediatric urolithiasis between 1999 and 2008 in 
the United States, with a mean annual increase in 
diagnosis of 10.6 % [ 1 ]. This statistic, coupled 
with the fact that pediatric stone disease is often a 
sign of an underlying metabolic disorder [ 2 ,  4 ], 
necessitates a good method of patient evaluation 
in suspected stone disease. Imaging plays an 
important role in accurately and expeditiously 
identifying and localizing stones in order to 
enable prompt work-up and management. In 
addition, imaging may help to rule out other 
pathology responsible for a patient’s symptoms 
and to evaluate specifi c anatomical anomalies 
perhaps predisposing a child to stone formation, 
such as ureteropelvic junction (UPJ) obstruction 
or nephrocalcinosis. 

 Pediatric stone disease is related to metabolic 
abnormalities more than half the time [ 2 ,  4 – 6 ], 
resulting in a high probability of recurrent dis-
ease. These young patients are thus likely to 
require multiple follow-up imaging examinations 
during their lifetimes. As a result, a keen under-
standing of the different modalities available is 
imperative in order to most effectively and safely 
follow this population.  

    Drawbacks of Ionizing Radiation 

 While imaging is integral in the diagnosis and 
management of stone disease, there is growing 
concern over its frequent use and the harmful 
effects of excessive ionizing radiation. Adult 
stone formers are known to be exposed to high 
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levels of radiation over the course of their disease 
due to excessive use of ionizing radiation [ 7 ,  8 ]. 
For this reason, the American Urological 
Association published guidelines in 2012 to help 
establish an appropriate protocol to address these 
concerns and to limit radiation exposure and cost 
of high-resolution imaging in adult patients [ 9 ]. 

 Children are especially susceptible to the 
harmful effects of radiation. Their developing tis-
sues are more radiosensitive [ 10 ], and care must 
be taken to prevent damage to gonadal tissue 
causing problems with future fertility as well as 
risking the passage of radiation-induced genetic 
changes to future generations. Simply by virtue 
of their age, they have a longer expected life span 
during which they may develop radiation- 
induced cancers [ 11 ]. A study comparing lifetime 
cancer risk from a single computed tomography 
(CT) examination for pediatric stone disease to 
lifetime risk of developing cancer otherwise 
found a risk ratio of 0.2–0.3 % [ 12 ]. A recent 
study from the United Kingdom found that chil-
dren receiving a cumulative dose of at least 
30 mGy and 50–74 mGy were 3 times as likely to 
develop leukemia and brain cancer as compared 
to patients receiving <5 mGy [ 10 ]. Since patients 
diagnosed with stone disease at a young age have 
an increased risk of recurrent disease and may 
require more frequent imaging, the purpose and 
contribution of each imaging study should be 
considered carefully as the cumulative radiation 
dose to these patients can add up quickly. 

 Given concern over the impact of radiation on 
the pediatric population, the Alliance for 
Radiation Safety in Pediatric Imaging instituted 
the  Image Gently  campaign to remind practitio-
ners of the harmful effects of excessive ionizing 
radiation and to encourage the use of pediatric 
protocols for CT imaging [ 13 ]. The use of 
 low- dose CT techniques will be discussed more 
in depth later; however, other methods for 
decreasing radiation exposure include simply 
decreasing the number of radiographic studies 
performed by selectively imaging based on good 
clinical judgment and by choosing nonionizing 
modalities when possible.  

    Stone Imaging Modalities 

 The primary purpose of imaging urolithiasis is to 
make an initial diagnosis. Other important infor-
mation, however, can be gathered with imaging, 
such as stone location and composition, presence 
of obstruction, changes in location or number of 
stones following surgical intervention or medical 
therapy, and the presence of anomalous anatomy 
that may coexist with stone formation. The best 
imaging modality which provides this informa-
tion is one that is accurate, effi cient, and safe. 

 The initial indication for imaging a patient sus-
pected of having stones is the presence of symp-
toms. Stone disease most commonly presents in 
children as fl ank/abdominal pain (60–75 % of 
children/adolescents) but can also present as gross 
hematuria (30 %) and dysuria (13 %) [ 6 ,  14 ]. It is 
usually in evaluating such symptoms that stone 
disease is identifi ed; 13 % of children, however, 
may have a stone discovered incidentally [ 15 ]. 
Symptoms can also be nonspecifi c, creating con-
cern for other pathology such as appendicitis 
which can be evaluated at the time of imaging 
[ 16 ]. While imaging may be useful for the ini-
tial diagnosis, it is also an important tool for the 
follow-up of a patient with a known stone that is 
being observed – monitoring the stone for growth, 
obstruction, or passage and helping to guide the 
timing of intervention if necessary. Imaging may 
also be used to follow a patient after intervention 
for effi cacy of the procedure and for recurrence. 

 The ability to image a stone partly depends on 
its composition. Luckily, the majority of stones in 
children are calcium based (specifi cally calcium 
oxalate and/or calcium phosphate) and thus 
opaque when using x-ray [ 3 ,  16 ]. These stones 
are very dense and therefore readily visible on 
both abdominal radiography and noncontrast CT. 
On the other hand, uric acid stones are radiolu-
cent and therefore not visible on abdominal radi-
ography; they may be seen as low-density 
structures on noncontrast CT. In these cases, con-
trast material administered intravenously and 
then excreted by the kidneys into the collecting 
system may be required in order to create a 
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 “fi lling defect” whereby the radiopaque contrast 
is displaced by the low-density stone. Struvite 
and cystine stones are of intermediate density, 
resulting in some diffi culty seeing small stones 
on abdominal radiography. Drug stones (indina-
vir, ceftriaxone, sulfadiazine) and matrix/protein 
stones have variable densities and may be indis-
tinguishable from surrounding tissue and not vis-
ible even on noncontrast CT [ 16 ]. 

 The location of the stone will also affect how 
it is seen on various imaging modalities. For 
example, ultrasound (US) often fails to identify 
ureteral stones, particularly if the ureter is not 
dilated or if there is overlying bowel gas which 
prevents penetration of the ultrasound beam. 
Identifying stones on CT, on the other hand, is 
unaffected by stone location or bowel gas. The 
most common location for pediatric stone disease 
is in the upper tract (94 % of 54 children evalu-
ated at Hopkins), with approximately 50 % being 
in the kidney alone [ 6 ]. In reality, stones can be 
located anywhere: from the kidney and ureter, 
down to the bladder and urethra. The location of 
the stone, therefore, may dictate the type of 
examination used to follow it. 

    Intravenous Pyelography 

 In the past, intravenous pyelography (IVP) was 
the technique of choice for evaluating the urinary 
tract. An IVP consists of a scout radiograph of the 
abdomen, an image obtained immediately after 
bolus of intravenous contrast (nephrographic 
phase), and subsequent delayed images at 5-min 
intervals (excretory phase). These various phases 
allow evaluation of bony, soft tissue, calcifi c, or 
gaseous abnormalities as well as renal function 
and urinary tract anomalies. It has been largely 
replaced with more precise and effi cient tech-
niques such as CT and is not commonly per-
formed at tertiary care centers where other 
modalities are available. 

 It is, however, still useful in select cases to 
identify ureteral insertion or kidney location or 
in the evaluation of urinary tract reconstruction. 

In regard to stone disease, the simple plain fi lm 
can identify radiopaque (calcium containing) 
calculi prior to contrast administration, while 
radiolucent stones can be identifi ed as fi lling 
defects in the excretory phase. The nephro-
graphic phase can demonstrate asymmetry in 
renal function which may occur secondary to 
obstruction. This is inferred by delayed uptake of 
contrast by the renal parenchyma and delayed 
excretion. The excretory phase can show the 
integrity of the renal collecting system and the 
degree and level of ureteral obstruction and can 
provide a map of the ureters, which is particu-
larly important in cases of congenital urinary 
tract anomalies when ureteral ectopia is sus-
pected. IVP is also easily used intraoperatively in 
the case of shock wave lithotripsy (SWL) or in 
guiding percutaneous access of the collecting 
system [ 17 ]. 

 Some disadvantages to IVP are that it utilizes 
ionizing radiation and requires intravenous con-
trast administration, placing the patient at risk for 
nephrotoxicity and allergic reactions. Performing 
IVPs can also be relatively time intensive and 
reliant on a good bowel preparation [ 18 ]. In gen-
eral, this procedure has fallen out of favor in the 
evaluation of renal stones.  

    Radiography 

 Radiography or plain fi lm is quick, easy, and 
readily accessible. The radiation dose for a sin-
gle radiograph is also minimal. Alone, however, 
abdominal radiographs only have a sensitivity of 
62 % and specifi city of 67 % in stone diagno-
sis [ 19 ]. This is partly because only radiopaque 
stones can be seen on radiographs (Fig.  13.1 ). 
Radiolucent stones (such as pure uric acid, xan-
thine, struvite, matrix stones) are not visible. 
Also, small radiopaque stones (<3 mm) may be 
obscured by overlying soft tissue densities, such 
as colonic stool, or superimposed by bony struc-
tures [ 18 ]. Other calcifi cations such as pelvic 
phleboliths and appendicoliths can be confused 
for distal ureteral stones, although classically 
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phleboliths appear as rounded calcifi cations 
with a relatively radiolucent center on abdomi-
nal radiography (Fig.  13.2 ). Unfortunately, 

radiography offers no information about obstruc-
tion [ 18 ]. As a result, abdominal radiographs are 
of little utility in the acute evaluation of a kidney 
stone [ 19 ].

    In the case of a known stone former with radi-
opaque stones, radiography can be used effec-
tively to follow stone size progression or change 
in stone location. Abdominal radiographs can 
also be used preoperatively in preparation for 
SWL to ensure good visualization of the stone on 
fl uoroscopy during the procedure and 
 postoperatively to determine resolution or stone 
passage (Fig.  13.3 ). The sensitivity and specifi c-
ity of radiography are improved when used in 
conjunction with ultrasound.

       Ultrasound 

 Given its lack of ionizing radiation, ultrasound 
(US) is often the initial modality of choice in 
evaluating a pediatric patient with suspected uro-
lithiasis and nonemergent abdominal or fl ank 
pain [ 20 ,  21 ]. It is also lower in cost than CT, is 
noninvasive, does not require sedation, and can 
be performed portably, allowing bedside evalua-
tion of sick patients. 

 The greatest strength of US in the setting 
of stone disease is in evaluating for obstruc-
tion, or hydronephrosis, easily depicted as fl uid 
distension of the renal pelvis and calices [ 15 ] 
(Fig.  13.4 ). It can also provide extensive anatomi-
cal detail in patients with congenital duplications 
and other anomalies contributing to stone forma-
tion. US can also directly demonstrate stones. 
Typically, a renal stone appears as a very bright, 
or echogenic, rounded structure. Due to its high 
density, the stone will block penetration of the US 
beam, resulting in a black shadow behind it. This 
is referred to as posterior acoustic shadowing 
[ 2 ,  16 ] (Figs.  13.5  and  13.6 ). The exceptions are 
drug stones or matrix/protein stones which are of 
variable density and may not be distinguishable 
from surrounding soft tissue on ultrasound [ 16 ].

     Stones are most easily identifi ed in the kidney 
and in the distended urinary bladder (Fig.  13.7 ). 

  Fig. 13.1    Abdominal radiograph demonstrates bilateral 
renal stones and bladder stones which are radiopaque 
( arrows )       

  Fig. 13.2    Abdominal radiograph demonstrates a round 
calcifi cation in the left pelvis ( arrow ). This calcifi cation is 
more radiolucent in the center as compared to the periph-
ery, consistent with a phlebolith. A ureteral stone would 
be most dense/radiopaque at its center       
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In general, US is poor at localizing ureteral 
stones, especially in the absence of ureteral dila-
tation. Palmer et al. found that the detection rate 
for ureteral calculi was only 38 % as compared to 
90 % for renal stones [ 22 ]. Hydronephrosis may 
suggest a ureteral stone, but even in the presence 
of hydroureter, it is often diffi cult to see the 

 ureteral stone if there is overlying bowel gas or 
surrounding soft tissue which obscures the ureter 
[ 2 – 15 ] (Figs.  13.8  and  13.9 ). If the dilated ureter 
at the level of obstruction can be seen, then the 
stone may be visible (Fig.  13.10 ).

a b

  Fig. 13.3    A 7-year-old boy presenting with right fl ank 
pain was found to have an obstructing right ureteropelvic 
junction stone. ( a ) Abdominal radiograph after preopera-

tive stent placement demonstrates a radiopaque stone in 
the right kidney ( arrow ). ( b ) Abdominal radiograph 
2 weeks after SWL demonstrates eradication of the stone       

  Fig. 13.4    A 15-year-old female with hydronephrosis due 
to an obstructing distal stone. This US shows a dilated 
renal pelvis communicating with dilated calyces. This 
patient required a ureteral stent for her obstruction       

  Fig. 13.5    A 15-year-old female with a nonobstructing 
lower pole renal stone. The stone is echogenic ( long arrow ) 
and causes posterior acoustic shadowing ( arrow heads )       
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      A special feature of US is the artifact created 
by color Doppler imaging of a rough refl ective 
surface, known as “twinkling.” Twinkling refers 
to the multicolor signal behind the stone simulat-
ing turbulence (Fig.  13.11 ). This can be used as 
supportive evidence when diagnosing stones by 
US. One study found that twinkling artifact had a 
78 % positive predictive value for nephrolithiasis 
at subsequent CT. The true-positive rate of 

 twinkling artifact for confi rmed calculi at CT, 
however, was only 49 % with a 51 % false-posi-
tive rate [ 23 ]. This study used 5 mm CT sections 

  Fig. 13.6    An 8-year-old female with renal stones in the 
upper and lower poles. Both stones are echogenic ( long 
arrows ) with posterior acoustic shadowing ( arrow heads )       

  Fig. 13.7    Bladder stone on US. Similar to the renal 
stones, the bladder stone is echogenic and demonstrates 
clear posterior acoustic shadowing       

a

b

  Fig. 13.8    A 5-year-old boy with right-sided abdominal 
pain and vomiting. ( a ) An ultrasound shows obvious 
obstruction with hydronephrosis. However, when attempt-
ing to look at the proximal ureter, it is obscured by bowel gas 
( asterisk ). ( b ) A CT scan was performed that same day for 
further work-up due to a strong suspicion of stone disease. 
A sagittal reformation of the CT shows a dense proximal 
ureteral stone ( arrow ) with proximal hydroureteronephrosis       
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a b

  Fig. 13.9    A 16-year-old female with a history of stones 
presents with right-sided fl ank pain and nausea. ( a)  US 
demonstrates mild right-sided hydronephrosis without 
identifi cation of a stone. Given her history and clinical 

picture, there was high suspicion for a stone. ( b ) 
Subsequent noncontrast CT that same day fi nds a small 
stone in the proximal right ureter causing obstruction, as 
well as a small nonobstructing stone in the right kidney       

a

c

b

  Fig. 13.10    A 28-month-old female with abdominal pain. 
( a ) An initial ultrasound demonstrates a left distal ureteral 
stone ( white arrow ) with proximal hydroureter ( black 
arrow ). ( b ) There is also thickening of the right side of the 
bladder at the ureterovesical junction ( white arrow ) with 
proximal hydroureter ( black arrow ) but no defi nite 

 echogenic stone or posterior acoustic shadowing. ( c ) A 
CT one day later demonstrates a right-sided ureterovesical 
junction stone ( arrow ). The left distal ureteral stone seen 
on US is not present on the CT, but there is residual dila-
tion of the left ureter (not shown), suggesting the stone 
had passed       
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to correlate with twinkle artifact, however, which 
may have in fact missed smaller stones that were 
accurately identifi ed by twinkle artifact.

   Many studies have found US to lack the sen-
sitivity and accuracy of CT in both identifying 
and characterizing stones. One study by Passerotti 

et al. found that US had an overall sensitivity of 
76 % and a specifi city of 100 % in comparison to 
CT for urolithiasis in the kidney, ureter, or bladder 
[ 24 ]. Ray et al. performed a literature review and 
only found a 45 % pooled sensitivity for US [ 15 ]. 
US has been found to both miss stones averaging 

a b

c

e

d

  Fig. 13.11    An 11-year-old female with fl ank pain. ( a ) 
“Twinkle” is demonstrated on a color Doppler ultrasound 
image of the right kidney. Notice the focal multicolor sig-
nal emanating from the renal sinus ( arrow ). ( b ) The stone 
without the use of color Doppler is more diffi cult to see, 

particularly when surrounded by echogenic renal sinus 
fat. ( c ) The small renal stone is confi rmed on CT imaging. 
( d ) This patient also had a distal ureteral stone that dem-
onstrates twinkle ( arrow ). ( e ) The stone is again con-
fi rmed on CT imaging ( arrow )       
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2.3 mm [ 24 ] and to overestimate stones <5 mm in 
size by 2 mm [ 15 ]. Palmer et al. compared US and 
CT in symptomatic patients and found US nondi-
agnostic in 41 % of cases versus 5 % of cases with 
CT [ 22 ]. As a result, a negative US in a symptom-
atic patient may still require further work-up with 
CT imaging. Confi rmatory CT is also sometimes 
advocated after an equivocal US and even after a 
positive US to evaluate stone location and burden 
for appropriate planning of an intervention [ 22 ]. 
Given the likelihood of requiring subsequent CT, 
some would advocate beginning with a low-dose 
CT to decrease the overall number of imaging 
exams and the burden of cost. For example, Palmer 
et al. advocated beginning with a CT when evaluat-
ing children >11 years old with a positive family 
history of stone disease [ 22 ]. This issue remains 
controversial, however, and the aforementioned 
study by Passerotti concluded that although CT is 
more sensitive than US for the detection of renal 
stones, the difference between these exams may 
not be clinically signifi cant; these authors therefore 
recommend US as the initial imaging exam for 
children with suspected stones due to the potential 
adverse effects of ionizing radiation from CT. 

 As previously mentioned, the sensitivity of 
US can be increased if used in conjunction with 
abdominal radiography. Mitterberger et al. found 
that the combined use of radiography and native 
tissue harmonic imaging ultrasonography had a 
sensitivity and accuracy for detecting ureteric 

calculi of 96 % and 95 %, respectively [ 25 ]. Both 
modalities may be effective in following a patient 
with known stone disease. 

 While readily accessible, US is operator 
dependent and potentially limited by a patient’s 
body habitus. Skeletal abnormalities such as 
extreme kyphosis/scoliosis may be prohibitive in 
visualizing the retroperitoneum with US. These 
factors must also be considered when choosing 
between US and CT.  

    Computed Tomography 

 Noncontrast computed tomography (CT) has sur-
passed many other imaging modalities in diag-
nosing and confi rming stone disease; it is overall 
considered the gold standard imaging technique 
for urolithiasis. CT provides accurate informa-
tion regarding the location and size of the stone 
and relevant surrounding anatomy [ 15 ] 
(Figs.  13.12 ,  13.13 ,  13.14 , and  13.15 ). It can also 
be used to measure stone density to provide pre-
liminary information regarding stone composi-
tion which may help direct therapy [ 18 ]. CT 
imaging has a high sensitivity and specifi city 
independent of stone location (96–99 % sensitiv-
ity and 96–97 % specifi city) [ 26 ,  27 ]. Using thin 
slice collimation of <3 mm, the sensitivity and 
specifi city are virtually 100 % [ 15 ]. CT is typi-
cally used in the emergency setting due to its 

a b

  Fig. 13.12    CT imaging of stone disease. ( a ) This patient has multiple bilateral renal stones. ( b ) Coronal reformation 
of the same patient demonstrates bladder stones as well       
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speed and high sensitivity/specifi city as well as 
its ability to rule out other pathology. CT for the 
evaluation of renal stones does not require IV 
contrast, and in fact, contrast enhancement of the 
renal parenchyma and excretion of contrast into 
the collecting system may obscure small stones. 
Stones which are radiolucent or too small to be 
seen on abdominal radiographs can generally 
be seen on CT.

      Secondary signs of ureteral stones can also be 
seen on CT, such as hydronephrosis, proximal 

ureteral dilatation, unilateral renal enlargement, 
decreased renal attenuation due to edema, and 
perinephric or periureteral edema (Figs.  13.16 , 
 13.17 ,  13.18 , and  13.19 ). In the event that no 
stone is seen on the CT scan, these secondary 
signs can suggest recent passage of a stone. 
A method to distinguish a ureteral stone from a 
phlebolith is to look for the “rim sign” – 
 circumferential soft tissue density representing 
the ureter encircling the stone, which is not found 
with a phlebolith (Fig.  13.20 ). If the obstructing 

a b

  Fig. 13.13    An 18-year-old female with spina bifi da, neu-
rogenic bladder, and a history of kidney stones was found 
on regular follow-up to have a right-sided staghorn calcu-
lus. ( a ) This stone is demonstrated in the axial plane on 

noncontrast CT. Notice how the stone fi lls at least 2 caly-
ces on these images. She also has a nonfunctioning left 
kidney. ( b ) 3D volume rendering can be used to demon-
strate the full size of the staghorn calculus ( arrow )       

a b

  Fig. 13.14    A 14-year-old boy with spina bifi da and a 
neurogenic bladder status post bladder augmentation, 
Mitrofanoff catheterizable stoma, and bladder neck clo-
sure who has a history of kidney and bladder stones. ( a ) A 

CT demonstrates an obstructing left ureteral stone 
( arrow ). Notice the soft tissue density around the stone 
representing the edematous ureter. ( b ) Proximal left ure-
teral dilation is seen ( circle )       
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a

c

b

  Fig. 13.15    This is a series of the same bladder stones as 
seen on various imaging modalities. ( a ) The stones as they 
appear on CT bone window. ( b ) The largest stone was big 

enough to be seen on the scout radiograph for the CT. ( c ) 
A view of the stones on US ( arrow )       

  Fig. 13.16    Noncontrast CT demonstrates severe hydro-
nephrosis of the right kidney       

  Fig. 13.17    Noncontrast CT demonstrates decreased 
attenuation of the right kidney as compared with the left 
kidney, consistent with edema. The right kidney also dem-
onstrates mild hydronephrosis       
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stone is associated with infection, pyelonephritis 
and ureteritis can also be demonstrated using 
contrast- enhanced CT (Fig.  13.21 ).

        Despite all the advantages of CT imaging, a 
major concern is its use of ionizing radiation, 
particularly as it pertains to the pediatric patient. 
CT utilizes signifi cantly more ionizing radiation 
than the other imaging modalities: the effective 
dose of an abdominal/pelvic CT is 4.3–8.5 mSv 
as compared to an abdominal radiograph which 
is 0.2–0.7 mSv and MRI or US which is 0 mSv 
[ 18 ]. To put it further in perspective, the effective 
dose of a single noncontrast CT (stone protocol) 
for a child is about 1–2 years worth of back-
ground radiation (3 mSv) [ 12 ]. As a result, it is 
not necessarily the automatic fi rst choice of 
imaging in the pediatric population and should be 
thoughtfully used in these patients who may 
require multiple imaging procedures in the 
future. 

 As a result, there has been keen interest in 
low-dose CT imaging techniques to try to reduce 
the amount of radiation to which the patient is 
exposed without affecting its diagnostic capabil-
ity. Newer CT protocols have been shown to 
decrease the radiation-measured entrance dose 
by 60–90 % [ 28 ], with published effective doses 
for a low-dose CT of 0.98–1.5 mSv as compared 
to 4.3–8.5 mSv for a standard abdominal/pelvic 
CT [ 18 ]. Techniques such as tube current modu-
lation, low voltage protocols, and other adjust-
ments to alter image acquisition and 
reconstruction can signifi cantly reduce patient 
radiation exposure [ 18 ,  29 ]. In a model looking at 
effective dose and lifetime risk of cancer, low- 
dose imaging (40 mA, 10 ms, 125 kVp) as 
 compared to standard dose (80 mA, 25 ms, 
125 kVp) decreased the lifetime attributable risk 
of cancer from 23–144 cases per 100,000 to 5–31 
cases per 100,000 [ 30 ]. Diagnostic accuracy has 
been shown to be maintained with low-dose pro-
tocols. Karmazyn et al. found that reducing the 
dose of radiation did not signifi cantly reduce the 
detection of ureteral or kidney stones in children 
weighing <50 kg [ 31 ]. 

 It is important to remember that even with 
lower-dose imaging techniques, there is no 
threshold under which radiation is safe. A study 
from the Netherlands found a linear-no-threshold 
model for the induction of chromosomal damage 
induced by ionizing radiation, seeing an induction 

  Fig. 13.18    Noncontrast CT demonstrates left-sided peri-
nephric stranding with renal edema and enlargement       

  Fig. 13.19    Right-sided periureteral edema around a ure-
teral stone       

  Fig. 13.20    The “rim sign” can be seen around this ure-
teral stone. It can be used to distinguish a stone from a 
phlebolith       
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of micronuclei in human fi broblasts in doses as 
low as 20 mGy. The damage was increased if 
cells were exposed during the S-phase of the 
cell cycle [ 32 ]. The only way to most effectively 
decrease the amount of radiation to which a 
patient is exposed is to choose nonionizing stud-
ies when possible (i.e., US). If CT has to be used, 
use it sparingly and limit the scan to only the area 
of interest [ 13 ].  

    Magnetic Resonance Imaging 

 Magnetic resonance imaging (MRI) is a very 
good modality for imaging the anatomy and 
function of the genitourinary tract using MR 
urography protocols and has the added benefi t of 
lacking ionizing radiation. Its use in patients with 
urolithiasis, however, is limited [ 33 ]. MRI is 
unable to directly visualize stones; stones present 
instead as signal voids. It is also expensive, 
requires sedation for most young children, and is 
limited in its availability, especially in the emer-
gent setting and at night [ 18 ].  

    Nuclear Scintigraphy 

 Nuclear medicine imaging, as MR, has no pri-
mary role in the acute evaluation of stone disease. 
It is only useful to distinguish obstructive hydro-
nephrosis from nonobstructive urinary tract dila-

tion in a pediatric patient with a possibly 
obstructing stone or to confi rm a concomitant 
anatomical anomaly such as ureteropelvic junc-
tion obstruction [ 34 ]. It can also determine rela-
tive kidney function which may help guide 
management (i.e., remove a stone versus remove 
the kidney).  

    Fluoroscopy 

 Fluoroscopy is used during the time of stone 
intervention. It can be used alone to localize a 
radiopaque stone or in conjunction with retro-
grade contrast injection (retrograde pyelography) 
to visualize a radiolucent stone and/or evaluate 
ureteral and renal pelvic anatomy (Fig.  13.22 ). 
Fluoroscopy allows real-time stone detection, 
size determination, and localization to enable 
retrograde or percutaneous access of the urinary 
tract. It also enables  targeted SWL and intraopera-
tive evaluation of treatment effi cacy. Fluoroscopy 
emits ionizing radiation and thus should be used 
judiciously.

        Urostasis and Special Anatomical 
Considerations 

 Urostasis can predispose patients to stone forma-
tion – whether by infection leading to stone 
 disease or simply by precipitation of solutes. 

a b

  Fig. 13.21    This is a patient presenting with fever and 
abdominal pain. ( a ) Contrast-enhanced CT shows wedge-
shaped areas of hypoenhancement suggesting infection or 

pyelonephritis ( arrows ). There is also hyperenhancement of 
the urothelium signifying infection. ( b ) The obstructing stone 
can be seen in the proximal ureter on a more inferior slice       
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Urostasis can be a result of anatomic or  neurologic 
abnormalities that interfere with urinary drain-
age. Anatomic anomalies may be congenital in 
origin or postsurgical after urinary reconstruc-
tion. Congenital abnormalities often cause 
obstruction of urine fl ow, whereas postsurgical 
issues can be a result of urine retention due to a 
reconfi guration using bowel to augment bladder 
capacity. Neurologic abnormalities that cause a 
neurogenic bladder specifi cally impair bladder 
emptying effi ciency. 

    Congenital Genitourinary Tract 
Abnormalities 

 While metabolic abnormalities are the most 
common etiology for pediatric stone formation, 
abnormal anatomy can facilitate stone forma-
tion. There are various congenital anatomical 
malformations that can predispose to poor uri-
nary drainage or cause frank obstruction. As 
a result, stones are found in conjunction with 
these congenital abnormalities: 9–34 % of uro-
lithiasis cases are associated with an upper tract 
anomaly [ 35 ]. 

 Known congenital abnormalities of the  urinary 
system associated with stone disease include ure-
teropelvic junction (UPJ) obstruction 
(Fig.  13.23 ), megaureter (Fig.  13.24 ), ureterocele 
(Fig.  13.25 ), calyceal diverticula, multicystic 
dysplastic kidney (MCDK) (Fig.  13.26 ), horse-
shoe kidney, and immaturity or maldevelopment 
of the ureterovesical junction resulting in vesico-
ureteral refl ux. Each of these anomalies results in 
either direct obstruction of the urinary tract (UPJ 
obstruction, ureterocele, calyceal diverticulum) 
or urostasis due to poor urinary drainage (mega-
ureter, vesicoureteral refl ux). In the case of horse-
shoe kidney, the high inserting ureter results in 
UPJ obstruction [ 36 ]. Despite the anatomical 
issues related to stone formation, usually there is 
an element of a concurrent metabolic disorder. 
For example, studies evaluating stone disease in 
children with UPJ obstruction often fi nd a sup-
porting  metabolic anomaly in addition to their 
known obstruction [ 37 ].

      In UPJ obstruction and MCDK, the majority 
of stones are in the kidney, and thus US and 
abdominal radiography (if the stone is  radiopaque) 

  Fig. 13.22    A 17-year-old boy with history of kidney 
stones who was found to have an impacted left ureteral 
stone on work-up for intractable left-sided fl ank pain. 
Retrograde pyelography demonstrates ureteral fi lling 
defects ( arrows )         Fig. 13.23    Noncontrast CT showing severe hydrone-

phrosis. This patient did not have a dilated ureter, classic 
for a UPJ obstruction. A lower pole renal stone can be 
seen as well, likely a result of urostasis       

  

C.B. Ching et al.



291

should be suffi cient for stone diagnosis and eval-
uation. In patients with megaureter and uretero-
cele, bladder ultrasound and abdominal 
radiography may also be adequate to diagnose 
stone disease given the distal location. In general, 
however, CT is to be the imaging modality of 
choice when evaluating anomalous anatomy to 
determine the location and number of stones and 
to clearly delineate the associated anatomy when 
planning for surgery [ 38 – 40 ]. Nuclear medicine 
imaging plays an important role in the evaluation 
of overall renal function to determine salvage-
ability of the kidney. It can also be used to con-
fi rm obstruction.  

    Medullary Sponge Kidney 
(Nephrocalcinosis Versus 
Nephrolithiasis) 

 Medullary sponge kidney, or ectasia of the renal 
collecting ducts, is a congenital disorder of the 
kidney and is associated with nephrocalcinosis 
and nephrolithiasis due to hypercalciuria and 
hypocitraturia. Nephrocalcinosis is the diffuse 
deposition of calcium in the kidneys with the 
greatest concentration found at the tips of the 
pyramids; nephrolithiasis, on the other hand, 
refers to discrete stone formation in the collecting 
system [ 41 ]. While nephrocalcinosis can cause 

a

c

b

d

  Fig. 13.24    This 12-year-old presented with urinary tract 
infections. ( a ) An abdominal radiograph demonstrates a 
right renal stone and a right distal ureteral stone ( arrows ). 
( b ) Contrast-enhanced CT shows severe hydronephrosis 
as well as marked parenchymal thinning of the right 
 kidney. ( c ) A markedly dilated right ureter is seen ( arrow ). 

( d ) Even after laser lithotripsy to remove the stone and 
obstruction, the ureter remains dilated as a primary mega-
ureter. A small postoperative fragment of stone lies 
dependently along the wall of the ureter but is nonob-
structing ( arrow )       
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 microscopic or gross hematuria, sterile leuko-
cyturia, and pain [ 16 ,  41 ], it is generally asymp-
tomatic [ 16 ,  42 ]. Nephrocalcinosis is believed to 
share the same pathophysiology as nephrolithia-
sis and can lead to nephrolithiasis when calcium 
aggregates form and become large enough to 
perforate the calyceal epithelium, resulting in a 
nidus for stone formation in the renal collecting 
system. It is unclear why one patient develops 
one entity, the other, or both [ 42 ]. 

 In nephrocalcinosis, calcium salts can 
deposit in renal tubules, tubular epithelium, 
and/or  interstitial tissue. It is best viewed with 
 high- resolution US [ 16 ] and thus classified by 
anatomic location of calcium deposition: 
 medullary, cortical, or diffuse (with three sub-
types according to degree of echogenicity) [ 5 , 
 16 ]. In medullary nephrocalcinosis, there is 
increased echogenicity in the area of the 
medulla with posterior acoustic shadowing; 
this is in contrast to normal renal pyramids 
which are hypoechoic as compared to cortex 
[ 16 ] (Fig.  13.27 ).

       The Reconstructed 
Genitourinary Tract 

 Surgical urinary reconstructions are at risk of 
stone formation due to poor bladder emptying 
and urostasis as well as technical and metabolic 
reasons. Often urinary stasis is a purposeful out-
come of trying to correct a prior issue with conti-
nence or bladder storage. Complex reconstructions 
often require the use of bowel segments inter-
mixed with the urinary system which can cause 
metabolic and infectious alterations contributing 
to stone formation. The technique utilized can 
signifi cantly affect the risk of stone formation, 
particularly if a nidus such as a stitch or staple is 

  Fig. 13.26    This patient has renal stones in her multicys-
tic dysplastic kidney due to urinary stasis. The other 
hyperdensity represents her ventriculoperitoneal shunt 
( arrow )       

a

b

  Fig. 13.25    A 20-month-old child who presented with 
recurrent urinary tract infections. ( a ) Bilateral uretero-
celes ( arrows ) can be seen on coronal reformation of a 
contrast-enhanced CT. The right ureterocele contains a 
stone. ( b ) US showing both ureteroceles. The left uretero-
cele ( asterisk ) does not contain a stone. The right uretero-
cele stone is echogenic ( arrow ) and causes posterior 
acoustic shadowing ( arrowheads )       

  

C.B. Ching et al.



293

left in contact with the urinary tract enabling 
stone formation. 

 Stone disease is a known complication of 
bladder augmentation and continent urinary 
diversions, with an incidence of 10–52.5 % 
 [ 43 – 46 ] and 4.5–20 % [ 47 – 49 ], respectively 
(Figs.  13.28  and  13.29 ). It is also seen after sur-
gical reconstruction in patients with bladder 

 exstrophy and cloacal malformation (Fig.  13.30 ). 
Given the prevalence of infection and bacteri-
uria, the majority of stones are infectious but can 
also be calcium containing [ 50 ]. Although infec-
tion plays a signifi cant role in stone formation 
for these patients, other causative factors include 
incomplete bladder emptying, abnormal altera-
tions of urinary pH due to the use of intestinal 

a

c

b

d

  Fig. 13.27    This patient has a history of tethered cord, 
bony abnormalities, and nephrocalcinosis. ( a ) Ultrasound 
demonstrates nicely her nephrocalcinosis. The medullary 
pyramids are echogenic with posterior acoustic shadowing. 
( b ) For comparison, this is a normal kidney ultrasound of a 
child of the same age. Notice that the normal medullary 
pyramids are hypoechoic ( dark ) as compared to the cortex. 

( c)  The calcifi cations in the child with  nephrocalcinosis 
can even be seen bilaterally on  abdominal radiograph 
( arrows ). ( d ) While nephrocalcinosis is well seen on US, a 
CT of this same patient nicely demonstrates the extensive 
calcifi cations. Despite this being a contrast-enhanced CT, 
the renal pyramid calcifi cations can be seen during the 
nephrographic phase in this sagittal reformation       
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segments, and possibly mucus buildup [ 46 ,  50 , 
 51 ]. Catheterization alone has been found to 
increase the risk of stone formation due to 
incomplete emptying and is particularly preva-
lent in a nondependent catheterizable channel 
such as an abdominal wall stoma [ 52 ,  53 ] 
(Fig.  13.31 ).

      A combination of US and abdominal radi-
ography is usually adequate for diagnostic pur-
poses; however, CT plays an important role in 

preoperative surgical planning. These patients 
will probably require a surgical procedure for 
stone removal.   

  Fig. 13.28    This child has a history of spina bifi da and 
neurogenic bladder status post bladder augmentation with 
chronic bladder stones. Multiple small bladder stones can 
be seen on this CT. Notice the irregular shape of his blad-
der due to bladder augmentation       

a b

  Fig. 13.29    This patient has a history of spina bifi da and 
neurogenic bladder status post bladder augmentation, 
Mitrofanoff, and pubovaginal sling. She has had chronic 
bladder stones. ( a ) The bladder stones, echogenic, can be 

seen on ultrasound with posterior shadowing ( arrows ). ( b ) 
CT demonstrates two small stones sitting beside a supra-
pubic catheter ( arrow )       

  Fig. 13.30    The bladder stones in this 14-year-old girl 
with a history of reconstruction for bladder exstrophy are 
well demonstrated on this abdominal radiograph. She has 
had recurrent issues with bladder stones after her ileal 
augmentation cystoplasty       
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    Conclusion 

 Pediatric stone disease necessitates imaging 
for diagnosis and, in some instances, to rule 
out other pathology for pain in the acute set-
ting. It is also valuable in the management and 
follow-up of the disease. Imaging must be 
used wisely in this young population to be 
both effective and safe.  

    Key Points 

     1.    The prevalence of pediatric urolithiasis has 
increased over the past decade.   

   2.    More than half of pediatric patients with stone 
disease have an associated metabolic abnor-
mality, meaning these patients are faced with 
lifelong repeated imaging in the management 
of this chronic condition.   

   3.    The pediatric population is particularly sensi-
tive to ionizing radiation, and thus certain 
imaging modalities such as CT and fl uoros-
copy should be used with caution.   

   4.    Imaging can be used to make the initial diag-
nosis of stone disease. It can also be used to 
follow patients over time: monitoring stone 
burden, evaluating success of intervention, 
and checking for recurrence.   

   5.    Stone composition and location determine 
success of specifi c imaging modalities.   

   6.    Radiography and ultrasound are important 
imaging tools in the pediatric population to 
minimize exposure to ionizing radiation.   

   7.    Low-dose computed tomography (CT) tech-
niques also help decrease exposure to ionizing 
radiation while maintaining the high sensitiv-
ity and specifi city of CT imaging.   

   8.    Congenital anomalies and genitourinary 
reconstruction may coexist with metabolic 
abnormalities causing stone disease.         
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        The purpose of this chapter is to discuss the 
pathogenesis, clinical presentation, imaging, and 
treatment of common developmental abnormali-
ties of the bladder and ureter in children. The 
abnormalities discussed in the fi rst bladder sec-
tion are bladder duplication, urachal anomalies, 
bladder diverticula, and neurogenic bladder. The 
second section related to the ureter includes ret-
rocaval ureter, ureteral polyps, ureteral duplica-
tion, ureterocele, ectopic ureters, megaureter, and 
vesicoureteral refl ux. This is, by no means, an 
exhaustive list of bladder and ureteral pathology 
but serves as an overview of many of the clinical 
entities that can be encountered in a pediatric 
urology practice, ordered from the relatively less 
to the most common. Some obvious omissions 
are imaging of the fetus, urolithiasis, trauma of 
the bladder and/or ureter, and the syndromes, 

such as prune belly and exstrophy. These are dis-
cussed in their respective chapters found else-
where in this textbook. 

 The initial and most common imaging modal-
ity for all of the entities described is ultrasound. 
Ultrasound is a noninvasive, highly available, 
and relatively inexpensive examination, which 
is excellent for evaluation of the kidneys (as the 
origin of ureteral abnormalities), bladder, and 
dilated ureter. Children are naturally suited to 
being evaluated by ultrasound. Their smaller hab-
itus is well penetrated by the ultrasound beams. 
Unlike fl uoroscopy, intravenous pyelograms 
(IVPs), computed tomography (CT), and nuclear 
medicine studies, ultrasound emits no ionizing 
radiation and thus poses no radiation risks. 

 The bladder is best evaluated when full 
(Fig.  14.1 ). Normally distended ureters are easily 
seen near the renal pelvis, and behind the full uri-
nary bladder, but can be challenging to follow in 
between. However, dilated ureters can be fol-
lowed in their entire course. In addition to the 
commonly used transabdominal approach, trans-
perineal imaging may show the location of an 
ectopic ureter and abnormalities of the bladder 
base (Fig.  14.2 ).

    Although CT is commonly used in adults to 
evaluate the genitourinary tract, its emission of 
ionizing radiation makes it less attractive in chil-
dren. CT scans without contrast are commonly 
used in the evaluation of urinary tract stones. CT 
scans with contrast are used to evaluate masses 
(parenchymal phase) and the collecting system 
(excretory phase). 
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 Magnetic resonance imaging (MRI) is inher-
ently suited to evaluating the urinary tract as 
the fl uid in the dilated ureter and bladder is eas-
ily distinguished from adjacent soft tissues. 

Contrast- enhanced MR urography is also useful 
in evaluating the functional contribution of each 
kidney. The main problems are that these exam-
inations often take an hour or more, necessitat-
ing the use of sedation for young children, are 
generally less available, and more expensive 
than other examinations. 

 Nuclear medicine studies DMSA and MAG-3 
each show the function of the urinary tract. The 
agent used for DMSA is a cortical agent that 
allows for the precise determination of differen-
tial renal function, renal shape, and renal posi-
tion. MAG-3 uses an excretory agent to determine 
the speed of contrast excretion, measure the 
degree of urinary tract obstruction, and show 
the general appearance of the collecting system. 

 The voiding cystourethrogram (VCUG) is the 
most common fl uoroscopic examination to evalu-
ate the lower urinary tract. After contrast is instilled 
into the bladder, the appearance of the bladder and 
fi lling defects such as ureteroceles are apparent. 
The ureters are evaluated if refl ux is present. 
Retrograde ureterograms and antegrade pyelo-
grams also use contrast to opacify and evaluate the 
ureters. Intravenous pyelograms are used rarely but 

a b

  Fig. 14.1    Normal bladder. Normal bladder full and after 
voiding: transverse views of the bladder before ( a ) and 
after voiding ( b ) demonstrate the normal appearance of 
the bladder. Notice how the normal bladder wall when 

decompressed appears thicker. This demonstrates how it 
is normal for the degree of distention of the bladder to 
infl uence wall thickness       

  Fig. 14.2    Transperineal ultrasound. This transperineal 
ultrasound, performed with the transducer on the perineum 
in the sagittal plane, demonstrates the bladder, posterior 
urethra ( arrow ) surrounded by the echogenic prostate, and 
pubic symphysis ( PS ), among other structures. The appear-
ance of the bladder base and posterior urethra is normal       
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continue to provide useful information regarding 
the function and appearance of the urinary tract. 

    Normal Imaging Anatomy: Bladder 

 The bladder resides in the pelvis where it serves 
its dual functions of urinary storage and emp-
tying. When it is decompressed, it is usually 
contained entirely within the pelvis below the 

pubic symphysis, although in young children 
the bladder extends superiorly to the lower 
abdominal region. Anterior to the bladder, there 
is a potential space called the prevesical or ret-
ropubic space. The median umbilical ligament, 
the vestigial remnant of the fetal urachus, teth-
ers the bladder apex to the abdominal wall as it 
attaches to the umbilicus (Fig.  14.3 ). The blad-
der is an extraperitoneal structure with the vis-
ceral peritoneum covering its superior-lateral 
aspects.

   In boys, two seminal vesicles and the ampul-
lae of the vasa deferentia lie posteriorly at the 
base of the bladder in the rectovesical space. In 
girls, this rectovesical space is occupied by the 
vagina and the uterus, which rests on the bladder 
dome (Fig.  14.4 ). The ureters enter the bladder at 
its base, posterior-laterally inserting into the tri-
gone. The bladder neck rests directly on the pel-
vic fl oor muscles. However, in boys, the prostate 
gland lies between the bladder neck and the pel-
vic fl oor.

   The wall of the bladder consists of layers of 
perivesical fat, serosa, smooth muscle (i.e., 
detrusor muscle), and mucosa (urothelium). As 
the bladder distends, the detrusor muscle is 
stretched, and the mucosa, which normally has 
folds, fl attens causing the bladder wall to appear 
thinner.  

  Fig. 14.3    Normal urachal remnant. This sagittal view of 
the bladder demonstrates a normal diverticular outpouch-
ing ( arrow ) at the anterior dome of the bladder, which is a 
normal urachal remnant       

a b

  Fig. 14.4    Normal bladder: These images demonstrate the 
normal appearance of the bladder in girls. ( a ) The normal 
hypoechoic uterus is adjacent to the posterior wall of the 
bladder ( arrow ). The rectum is fi lled with gas and stool 

and has a variable appearance depending on its contents 
( arrowhead ). ( b ) The hypoechoic uterus often indents the 
posterior wall of the bladder and should not be confused 
for a mass       
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    Bladder Duplication 

    Pathogenesis 

 Bladder duplication is a rare clinical entity with 
few cases reported in the literature. When it does 
occur, the degree of septation of the bladder may 
be partial or complete and in either the coronal or 
sagittal plane. Complete duplication in the sagit-
tal plane has been reported as the most common 
combination [ 1 ]. In complete duplication, the 
two resulting bladders can be functionally inde-
pendent with their own respective ureter and ure-
thras [ 2 ]. However, one bladder may not have a 
urethra, resulting in obstruction of its correspond-
ing kidney, ultimately causing renal dysplasia 
[ 3 ]. The luminal compartments of incomplete or 
partially duplicated bladders are shared at some 
point above the bladder neck and therefore drain 
into a single urethra. 

 Duplication should be distinguished from sep-
tation, in which the bladder is divided into two 
separate (complete) or almost separate (partial) 
compartments that share a common wall (the sep-
tum). As with duplication, complete septation 
may form a compartment with no outlet, leading 
to an abnormal ipsilateral kidney. 

 Embryologically, the cause of duplication is 
unclear, although some have postulated that it 
may represent a defect in cloacal septation with 
the urorectal fold [ 4 ] or even partial twinning of 
the early embryo, a theory taken from its occa-
sional association with duplication of the bowel 
or spine [ 5 ].  

    Clinical Presentation 

 In accordance with the variability of the abnor-
mality in bladder duplication, the presentation 
and diagnosis of the disorder are equally vari-
able. Early discovery usually arises from outward 
manifestations of duplication, i.e., duplicated 
external genitalia or spine. In the absence of 
symptoms such as recurrent urinary tract infec-
tions or urinary incontinence, some children are 

diagnosed incidentally when they are imaged 
radiographically for other clinical reasons. 

 Bladder duplication is often associated with 
other abnormalities related to the genitourinary 
system such as the genital duplication noted 
above [ 6 ], spinal duplication, and a variety of 
gastrointestinal tract anomalies, including fi stu-
lous communication with the urogenital tract and 
lower intestinal tract duplication [ 7 ].  

    Imaging 

 Complete understanding of the patient’s anatomy 
is crucial to management and often requires a 
combination of imaging studies. Ultrasound 
is the initial imaging modality, which helps to 
defi ne the presence of two kidneys, a solitary 
bladder separated by a septum, or two separate 
bladders (Fig.  14.5 ). Transperineal scanning 
may give further defi nition of urethral anatomy. 
Voiding cystourethrograms in combination with 
retrograde urethrograms, in which the suspected 
urethral orifi ces are catheterized and further 
defi ned by instillation of contrast, can also be 
useful to defi ne the appearance of the urethra(s), 
blind channels, and bladder(s). Studies such as 
CT urography (CTU), MR urography (MRU), 
and IVP can also defi ne the functional and ana-
tomical relationships between kidney(s), ure-
ters, and bladder(s). Unlike CT and IVP, MR 
has the benefi t of the lack of ionizing radiation 
which needs to be weighed against the cost of the 
examination and potential need for sedation in 
younger children. Renal scans and MRU can both 
 estimate renal function. Video-urodynamics will 
give much of the same information as a VCUG 
and will also provide functional information.

       Treatment 

 Obstruction of a kidney should be relieved surgi-
cally to prevent infection and preserve renal 
function. Patients with the associated abnormali-
ties discussed above will have individualized 
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treatment based on their disease pattern. Long- 
term goals include urinary continence and func-
tional genital reconstruction.   

    Urachal Anomalies 

    Pathogenesis 

 The allantoic stalk serves as the epithelial-lined 
conduit between the bladder and the umbilical 
cord in fetal life. As the bladder descends and 
matures, the allantois narrows and thickens into 
the urachus. The lumen of the urachus normally 
obliterates and becomes the median umbilical 
ligament [ 8 ]. However, by mechanisms still 
unclear, a portion or the entire urachus can remain 
patent.  

    Clinical Presentation 

 The most common symptomatic urachal anomaly 
is the entirely patent urachus, accounting for 
more than half of all disorders of the urachus. In 
the patent urachus, urine freely passes from the 
bladder and out of the umbilicus, and the child 
usually presents with persistent leakage. Leakage 
may be exacerbated with voiding or in situations 
of increased abdominal pressure such as with 
crying or straining. Symptoms can also include 
abdominal pain, umbilical mass, or dysuria [ 9 ]. 

 Occasionally, the urachus can partially oblit-
erate with varying features depending on which 
portion of the urachus remains open. When the 
patent end is distal, 15 % of cases, it is labeled as 
an umbilical-urachal sinus. This can also present 
with umbilical discharge, but since there is no 
communication with the bladder, it is less copi-
ous. When the patency lies at the proximal end, 
communicating with the apex of the bladder, it is 
referred to as a vesico-urachal diverticulum. 
Usually these do not cause any clinical symptoms 
since it is widely open to the bladder. 

 Thirty percent of urachal anomalies consist of 
a urachal cyst, where the urachus is patent along 
its middle portion and there is no communication 
with the umbilicus or bladder. However, some-
times these cysts can drain intermittently. The 
diagnosis of these may be delayed since often 
they are not discovered unless they become 

a

b

  Fig. 14.5    Bladder duplication. A transverse view of the 
bladder ( a ) demonstrates complete bladder duplication 
with a septation dividing each bladder lumen. The IVP ( b ) 
demonstrates that each bladder is supplied by its own ure-
ter and kidney       
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infected or are discovered incidentally during 
abdominal imaging or surgery. Some reports 
have suggested that there may be an increased 
incidence of vesicoureteral refl ux associated with 
urachal anomalies [ 10 ].  

    Imaging 

 Imaging for a suspected urachal abnormality typ-
ically occurs during the newborn period. 
Ultrasound is the initial study for urachal anoma-
lies [ 11 ]. Ideally, imaging should be performed 
when the bladder is full to better show the close 
relationship between the dome of the bladder, 
umbilicus, and urachal remnant. A patent urachus 
can be seen on ultrasound located at the dome of 
the bladder, as a fl uid-fi lled tubular structure 
when viewed in the longitudinal plane. This 
should be distinguished from a patent vitelline, or 
omphalomesenteric, duct which may have a simi-
lar appearance. Urachal cysts can also be demon-
strated with ultrasound with features of any cyst 
of the body, hypoechogenicity with variable 
degrees of debris, and noncommunication with 
the umbilicus or bladder. Vesico-urachal diver-
ticula appear as protruding fl uid-fi lled sacs not in 
continuity with the umbilicus [ 12 ]. An obliter-
ated urachal remnant is a common fi nding in 
newborn children and warrants no further evalu-
ation or treatment [ 13 ,  14 ]. 

 A VCUG is indicated in patients who have 
fl uid draining from their umbilicus, and a patent 
urachus needs to be distinguished from a urachal 
sinus. Contrast can be seen fl owing through a 
patent urachus when the bladder is full (Fig.  14.6 ), 
whereas a urachal sinus will not demonstrate 
communication from the bladder to the umbili-
cus. If a patient has periumbilical drainage, a ret-
rograde fi stulogram can also determine the 
diagnosis of either a patent urachus or urachal 
sinus [ 9 ]. Retrograde injection of the contrast 
will demonstrate either fi lling of the bladder in a 
patent urachus or opacifi cation of just the sinus 
tract in the case of the urachal sinus. If it is a pat-
ent vitelline duct, contrast will fi ll loops of bowel.

   Urachal remnants are more common in patients 
with certain abnormalities. Children with prune 
belly syndrome often have urachal diverticula. 

When wide mouthed, these are asymptomatic and 
appear as large diverticula at the dome of the 
bladder. Urachal diverticula can also be found 
during the evaluation of recurrent cystitis. Infected 
urachal cysts can present with fever and abdomi-
nal pain, mimic abdominal infections such as 
appendicitis, and be found during radiological 
evaluations for more common causes of abdomi-
nal pain (Fig.  14.7 ). These cystic structures in the 
pelvis can be distinguished from other cysts, e.g., 
enteric duplication cysts and ovarian abnormali-
ties, by its location near the dome of the bladder.

       Treatment 

 A patent urachus or umbilical-urachal sinus 
should be excised surgically. If a preceding infec-
tion is present, antibiotics and drainage if appro-
priate should be undertaken prior to surgery. 
There is a risk of malignant transformation of the 
urachus, so it should be removed in its entirety 
with a cuff of bladder [ 15 – 19 ]. Observation is 
an option in the case of the asymptomatic ura-
chal cyst [ 20 – 22 ] or vesico-urachal diverticu-
lum. However, if resolution does not occur or 
if symptoms arise, complete excision, cyst and 
tract, should be considered. In a large series from 
the Mayo clinic, urachal carcinoma appeared 
in a large proportion of the adults (51 %), with 

  Fig. 14.6    Patent urachus. This newborn boy had clear 
leakage per urethra. This lateral view during a VCUG 
shows contrast fl owing from the patent urachus at the 
dome of the bladder ( arrow )       
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the majority of them having urachal cysts. 
Traditionally, the prognosis for urachal cancer 
is abysmal with low survival rates, leading most 
surgeons to recommend complete excision of all 
urachal anomalies in childhood [ 19 ].   

    Bladder Diverticulum 

    Pathogenesis 

 In the adult, most bladder diverticula are second-
ary processes stemming from bladder outlet 
obstruction. In children the cause is congenital, 
and these mucosal outpouchings herniate through 
weak areas of the muscle wall of the bladder. The 
reported incidence is 1.7 % in a pediatric popula-
tion undergoing radiologic evaluation for symp-
toms [ 23 ]. Diverticula can occur around the 
bladder’s natural defects, namely, the ureters. 
Hutch described in 1961 two kinds of paraure-
teral diverticula: primary and secondary [ 24 ]. 

 Primary or congenital diverticula occur in iso-
lation in what is otherwise a normal-appearing 
bladder with an absence of bladder outlet obstruc-
tion. The mucosal herniation occurs through a 
defi cient portion of the bladder wall between the 
intravesical ureter and the roof of the hiatus 
where the ureter enters the bladder [ 25 ,  26 ]. As 
the diverticulum grows larger, the ureterovesical 
junction is distorted, causing either refl ux [ 27 ,  28 ] 

or, worse yet, obstruction [ 28 ,  29 ]. Primary diver-
ticula have been reported in children with con-
nective tissue diseases such as Ehlers-Danlos, 
Menkes’ kinky hair syndrome, and Williams syn-
drome (Fig.  14.8 ) [ 23 ,  30 ].

a b

  Fig. 14.7    Infected urachal cyst. This boy presented with 
right lower quadrant pain and fever and was thought to 
have appendicitis. ( a ) Axial contrast-enhanced CT scan 
demonstrates an irregular thick-walled circular structure 

adjacent to the dome of the bladder ( black arrowhead ). 
( b ) After treatment with antibiotics, the appearance of the 
wall is smoother due to decreased infl ammation ( white 
arrowhead ). Surgery confi rmed a urachal diverticulum       

  Fig. 14.8    Bladder diverticulum in a patient with Menkes 
disease. This 6-year-old boy has seizure disorder and red 
hair and a diagnosis of Menkes disease. This VCUG shows 
a large right-sided bladder diverticulum ( D ) communicat-
ing with the lumen of the bladder ( B ). Patients with 
Menkes disease, Ehlers-Danlos syndrome, and Williams 
syndrome frequently have multiple bladder diverticula       
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   Secondary diverticula are acquired as a result 
of bladder outlet obstruction as in posterior ure-
thral valves, detrusor sphincter dyssynergia, or 
neurogenic bladder. The increased intravesical 
pressure causes the bladder mucosa to bulge 
between hypertrophic muscle fi bers. Diverticula 
that occur following bladder surgery also fall 
within this category.  

    Clinical Presentation 

 Presenting symptoms are varied dependent on 
the size and location of the diverticulum. Urinary 
stasis can lead to infection, the most common 
presenting complaint [ 31 – 33 ]; infl amed mucosa 
can cause hematuria; and mass effect can cause 
obstruction of the ureter or, if large enough, the 
bladder [ 32 ,  34 – 37 ]. 

 In rare instances, a large bladder diverticulum 
can cause extrinsic compression on the intestines, 
and patients can have severe constipation or 
mechanical bowel obstruction. This has been 
reported in adult patients [ 38 – 41 ].  

    Imaging 

 A bladder diverticulum is typically found 
 incidentally, often during the evaluation of a 
child with a urinary tract infection. Large bladder 
diverticula can be detected by ultrasound 
(Fig.  14.9 ) [ 42 ]. The bladder has to be adequately 
fi lled to allow for sonographic determination. 
The diverticulum typically fi lls during bladder 
distention and can enlarge further with voiding. 
Using 3-dimensional ultrasound, the mouth of 
the diverticulum can be seen [ 43 ]. If the divertic-
ular neck is narrow, bladder air/CO 2  contrast 
sonography has been shown to aid in the differen-
tiation of a diverticulum with other cystic pelvic 
structures by demonstrating communication [ 44 ]. 
Also, color Doppler can be used to demonstrate 
alternating, bidirectional, “jet-like” fl ow between 
the diverticulum and the bladder [ 45 ]. After void-
ing, residual urine is often seen within the diver-
ticulum. Primary diverticula can appear 
intermittently on evaluation. If the bladder 
appears trabeculated, the patient is likely to have 
secondary diverticula and underlying causes 

a b

  Fig. 14.9    Bladder diverticulum. This patient initially 
presented with recurrent urinary tract infections. ( a ) 
Transverse view of the bladder demonstrates an anechoic 
circular structure adjacent to the right posterolateral 

 bladder wall ( arrow ). ( b ) A ureteral jet of fl owing urine is 
present adjacent to the paraureteral diverticulum or so-
called Hutch diverticulum       
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should be sought out (e.g., posterior urethral 
valves, neurogenic bladder). Large bladder diver-
ticula may also be seen by CT and MRI.

   Voiding cystourethrogram is probably the sen-
sitive test for fi nding bladder diverticula because 
the bladder is visualized dynamically during fi ll-
ing and voiding. Changes in intravesical pressure 
are more likely to elicit the intermittently fi lling 
diverticula. The study not only demonstrates the 
diverticulum but also reveals associated vesico-
ureteral refl ux when the diverticulum is located 
near the ureterovesical junction [ 44 ,  46 ,  47 ]. 
Meticulous technique is important when perform-
ing a VCUG including beginning the study with an 
empty bladder, real-time fl uoroscopic monitoring 
with oblique and lateral views, and visualization 
during and immediately post-void [ 46 ]. This is 
done since the appearance of diverticula may vary 
with the phases of voiding and may not be present 
on the same study at different times. Therefore, a 
repeat VCUG may be warranted if clinical suspi-
cion remains after previous negative studies.  

    Treatment 

 Symptomatic diverticula should be excised with 
ipsilateral ureteral reimplantation if the ureter is 
nearby or involved. Many surgeons correct para-
ureteral diverticula if it is associated with VUR. 
Otherwise, if the diverticulum is small, found 
incidentally without symptoms, or is not 
 accompanied by VUR, observation is reasonable. 
In the case of secondary diverticula, bladder out-
let obstruction should be remedied fi rst, since 
direct treatment for the diverticulum may become 
unnecessary.   

    Bladder Rhabdomyosarcoma 

    Pathogenesis 

 Rhabdomyosarcoma (RMS) is the most common 
soft tissue sarcoma in children, with 20 % arising 
from the genitourinary (GU) tract. The most 

common GU sites are prostate, bladder, and para-
testicular. With a bimodal age distribution, peak 
incidence of the disease occurs in the fi rst 2 years 
of life and again in adolescence. Children under 
the age of 6 years comprise the majority of cases. 
There is a high association with certain syn-
dromes such as Li-Fraumeni syndrome and neu-
rofi bromatosis, and the subtypes of RMS 
(embryonal vs. alveolar) have been shown to 
have distinct cytogenetic abnormalities. These 
abnormalities (loss of heterozygosity on chromo-
some 11, translocation between chromosomes 1 
or 2 and 13, etc.) may not only be involved in the 
pathogenesis but may also have prognostic impli-
cations. Most GU RMS are of the embryonal 
variety and when they occur in hollow organs, 
such as the bladder or vagina, they present as sar-
coma botryoides. Fortunately, the botryoid vari-
ants portend a more favorable prognosis.  

    Clinical Presentation 

 Presentation is dependent on the site of the pri-
mary tumor. When found in the bladder, patients 
often present with urinary retention and hematu-
ria. Urinary retention, in turn, causes abdominal 
pain and distention and urinary tract infection. 
Irritative voiding symptoms such as dysuria and 
frequency can also occur. In a thin child, a pal-
pable abdominal mass can sometimes be found 
on physical exam either from the mass itself or 
from a distended bladder.  

    Imaging 

 The imaging features of RMS of the bladder are 
nonspecifi c, and tumor diagnosis is via direct 
biopsy and tissue confi rmation with cystoscopy. 
Intravenous urography was the imaging modality 
of choice even well into the late 1970s, with 
images of pelvic masses causing mass effect on 
nearby pelvic structures [ 48 ]. Filling of the blad-
der with contrast will reveal an irregular fi lling 
defect if the mass is indeed in the bladder. 

14 Bladder and Ureteral Imaging



308

Otherwise, cystography can show extrinsic com-
pression of the bladder from an adjacent RMS. 
However, this has been supplanted by sonogra-
phy, CT, and MRI [ 49 ]. 

 Ultrasonography is the screening study of 
choice for abdominopelvic masses. This usually 
demonstrates a large, heterogeneous, solid mass 
within the lumen [ 50 ] (Fig.  14.10a ). The botryoid 
variant will appear as a cluster of “grapes” with 
its polypoid confi guration. Hypoechoic foci can 
be seen within the mass representing hemorrhage 
or necrosis [ 49 ]. Spatial relationships with adja-
cent pelvic structures can be determined. In girls 
who have RMS arising from the uterus or vagina, 
one can visualize a pelvic mass that displaces the 
bladder, and invasion into the bladder wall can 
sometimes be seen on ultrasound. If the mass is 
suffi ciently large, obstruction of the ureter(s) 
may cause hydroureter detected on US. One has 
to be wary for other disease processes that can 
mimic RMS such as infl ammatory masses, such 
as infl ammatory pseudotumor or post surgical 
masses. If history, laboratory values, and com-
parison to prior studies do not reveal the cause, 
cystoscopy and biopsy may be needed to distin-
guish these entities.

   After ultrasound, MRI is the best imaging 
modality to assess the site of origin for a pelvic 
rhabdomyosarcoma and the sites of local inva-
sion. Tumors which involve the bladder may 
actually have arisen from adjacent organs such as 
the prostate or vagina. MRI is superior to CT in 
tissue contrast and distinguishing the mass from 
adjacent organs (Fig.  14.10b ). 

 Both CT and MRI are useful in the evaluation 
for enlargement of the pelvic and retroperitoneal 
lymph nodes and metastases. Contrast 
 enhancement for either study is necessary for 
best visualization.  

    Treatment 

 Treatment of RMS has shifted from radical cys-
tectomy to bladder preservation. Unfortunately, 
those tumors arising from the bladder trigone are 
not amenable to partial cystectomy as are those 
located at the dome or sides of the bladder. For 
those children, neoadjuvant chemotherapy and 
radiation can suffi ciently shrink the tumor enough 
to allow for partial cystectomy. This approach 
has allowed for an increased rate of bladder 

a b

  Fig. 14.10    Rhabdomyosarcoma. This 3-year-old female 
presented with bloody underwear and frond-like soft tis-
sue within her perineum. ( a ) Sagittal US view of the blad-
der shows an echogenic lobulated mass extending from 
the posterior wall of the bladder to the bladder base and 

into the urethra. ( b ) Sagittal T1 FS postcontrast MRI dem-
onstrates the enhancing bladder mass has multiple lobules 
and extends into the urethra. These appearances are clas-
sic for sarcoma botryoides       
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 function with reasonable overall survival (78 %) 
[ 51 ,  52 ]. A caveat is that patients with residual 
disease can have relapse of their disease, which 
has shown to have high mortality [ 52 ]. Also, 
patients who received radiation therapy have 
compromised functional bladder capacity and 
abnormal voiding patterns [ 53 ]. To address this 
dilemma, one group recommends a risk-based 
approach, taking into account the relative 
response of the tumor to chemotherapy for risk 
stratifi cation and reserving radiation for relapse 
in low-risk patients (high-risk patients undergo 
radical cystectomy) [ 54 ]. 

 Urinary diversion is needed following cystec-
tomy, and these come in the form of conduits or 
continent reconstructions. Early reconstruction, 
however, should be performed when no further 
local therapy is required.   

    Neurogenic Bladder 

    Pathogenesis 

 Neurogenic bladder incorporates a rather wide 
range of clinical manifestations dependent on the 
level and extent of the lesion along the pathway 
between the brain and sacral spinal cord. Indeed, 
even similar neural injuries at the same location 
may result in different types of dysfunction. The 
complexity of diagnosis of the neurogenic or 
neuropathic bladder depends on a complete his-
tory and physical/neurologic examination. 
Radiographic studies, including video- 
urodynamics, are to provide a complete picture 
of the functional defi cit. 

 In general, lesions above the sacral cord 
 produce a low-capacity, high-pressure, and over-
active bladder. This is demonstrated with urody-
namic studies as well as anatomic studies such as 
VCUG and US. Lesions of this nature are usually 
from trauma, spinal dysraphism such as spina 
bifi da, cerebral vascular accidents, Parkinson’s 
disease, multiple sclerosis, infection, or tumor. 
Associated effects from this bladder dysfunction 
can include VUR from the increased bladder pres-
sures, ureteral obstruction due to the thickened 
and hypertrophic bladder wall, or  progressive 

renal insuffi ciency from lower urinary tract dys-
function. These effects are the result of the 
derangement of the neural control of urinary stor-
age and emptying. Specifi cally, detrusor sphinc-
ter dyssynergia, or discoordination between the 
bladder and the external urethral sphincter, is 
thought to be the most deleterious factor. 

 Lesions at or below the sacral spinal cord typi-
cally result in a large capacity, arefl exic, and low- 
pressure bladder. Not only can this dysfunction 
occur from direct spinal cord lesions, it can also 
occur from other medical conditions such as dia-
betes mellitus and pernicious anemia. The under-
lying pathology is often a defi cit in sensory input 
to the bladder.  

    Clinical Presentation 

 Returning to the broad categorization above, 
patients with suprasacral injuries can present 
with urinary incontinence, irritative symptoms 
such as urgency or frequency, recurrent urinary 
tract infection, or upper tract changes. Patients 
with sacral lesions often have urinary retention 
and overfl ow incontinence.  

    Imaging 

 Since neurogenic bladder dysfunction is often a 
progressive disorder, initial radiologic evaluation 
includes an assessment of baseline renal and 
bladder anatomy and structure with ultrasound. 
The imaging fi ndings of patients with neurogenic 
bladder depend on the level of the spinal cord 
abnormality. Abnormalities which lead to a 
small-capacity high-pressure bladder result in a 
thick-walled, trabeculated bladder. The combina-
tion of a hypertrophied bladder wall and high- 
pressure voiding may cause hydroureteronephrosis 
due to ureterovesical junction obstruction, refl ux, 
or both. Patients with large arefl exic bladders 
have smooth-walled bladders with greater than 
expected capacity for age. These patients may 
also have hydroureteronephrosis. 

 The redundant undulating mucosa and hyper-
trophied muscularis seen in patients with thick 
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bladder walls can be visualized by all imaging 
modalities, but the most common imaging study 
to evaluate the bladder is ultrasound (Fig.  14.11 ). 
One measure for the degree of bladder wall hyper-
trophy is AP bladder wall thickness. However, the 
thickness of the bladder varies by the degree of 
bladder distension and location of measurement. 
Tanaka et al. determined that bladder wall thick-
ness of greater than 3.3 mm correlated with a 
higher risk for unfavorable urodynamic (UDS) 
risk patterns (i.e., parameters most likely to lead 
to upper urinary tract deterioration) among 
patients with neurogenic bladder from spina 
bifi da. Specifi city for the diagnosis of unfavorable 
UDS was 75 % and sensitivity was 95.1 % [ 55 ]. 
Leonardo et al. demonstrated that bladder wall 
thickness was the only sonographic parameter 
that was a marginal risk factor ( p  = 0.07) for the 
fi nding of renal scarring on DMSA renal scan in 
neurogenic and nonneurogenic bladder dysfunc-
tion [ 56 ]. Some groups have advocated for rou-
tine baseline DMSA scans in patients with 
neurogenic bladder dysfunction given their high 
risk of renal function deterioration.

   UDS has been an integral component of the 
evaluation of children with NGB, as it allows for 
identifi cation of those at high risk for urinary 
tract deterioration. If implemented early, aggres-
sive treatment can be initiated for preventive, 
renal preservation measures [ 57 ,  58 ]. 

 VCUG is important as the incidence of VUR 
has been reported as high as 50 % in children 
with spina bifi da [ 59 ,  60 ] which may lead to renal 
deterioration in the presence of high-pressure 
voiding [ 61 ]. In general, we reserve VCUG for 
patients with poor bladder dynamics, patients 
with DSD, and/or hydro- or hydroureteronephro-
sis. DeLair et al. identifi ed high-grade VUR as an 
independent risk factor for cortical loss, espe-
cially in girls [ 62 ]. Shiroyanagi et al. demon-
strated, in their small cohort of myelodysplastic 
patients, that all of their patients with an abnor-
mal DMSA scan had a history of VUR [ 63 ]. The 
technique of VCUG and UDS can be combined 
in video-urodynamics (V-UDS) so that the 
patients are subjected to one invasive procedure 
rather than two. However, UDS, much less 
V-UDS, does not have widespread availability, 

a b

  Fig. 14.11    Neurogenic bladder. This boy was born with 
a terminal lipomyelomeningocele and had previously 
undergone cord detethering. He has persistent inconti-
nence. ( a ) AP supine image of the bladder during a VCUG 
demonstrating the typical “Christmas tree appearance” of 

a neurogenic bladder, characterized by hypertrophied 
muscularis and contrast-fi lling multiple large saccules. 
The trabeculation spares the bladder base. ( b ) Ultrasound 
image demonstrates a thick-walled bladder and multiple 
diverticula in this patient with a neurogenic bladder       
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and some have proposed a modifi ed VCUG to 
give anatomic as well as functional data [ 64 ,  65 ]. 
This technique entails an in-depth understanding 
to bladder physiology/dynamics. 

 Since neurogenic bladder dysfunction can be 
progressive, ultrasonography should be per-
formed on a regular basis, with the addition of 
VCUG if there is new hydroureteronephrosis or 
febrile UTI. The frequency of UDS varies accord-
ing to patient age and clinical status. 

 It should be noted that the optimum position for 
UDS is in the sitting position if the patient is able 
to tolerate it. Lorenzo et al. reported that although 
there were no differences in maximum cysto-
metric capacity, detrusor leak point pressure, or 
pressure-specifi c volumes at 20 and 30 cm water, 
based on patient positioning (supine vs. sitting), 
volume of fi rst sensation and detection of detrusor 
overactivity was signifi cantly lower in the sitting 
position. Incontinence was also detected more 
readily in the sitting position [ 66 ].  

    Treatment 

 As with diagnosis, treatment is individualized to 
the patient depending on the nature and severity 
of his/her dysfunction. Goals of therapy are 
directed towards preservation of renal function 
and alleviation of symptoms. Maneuvers should 
be done to simulate the normal functions of the 
bladder, namely, low-pressure storage of urine 
and complete emptying of urine. This is normally 
accomplished by the use of anticholinergic medi-
cation to lower intravesical pressure and decrease 
overactive contractions and clean intermittent 
catheterization (CIC) for bladder emptying. Early 
implementation of these treatment regimens in 
patients at risk is associated with more favorable 
outcomes [ 57 ,  58 ,  62 ,  63 ].   

    Normal Imaging Anatomy: Ureter 

 The ureter stretches from the renal pelvis of the 
kidney to the bladder for a length of about 
25–30 cm. Along its course, there are 3 areas of 
relative narrowing: the ureteropelvic junction 

(UPJ), where the ureter crosses the iliac vessels 
as it dips into the pelvis, and the ureterovesical 
junction (UVJ). These areas are important as they 
are the locations where urinary calculi can 
become lodged. Both proximal ureters run along 
the psoas muscles. They are initially lateral to the 
gonadal vessels but switch positions just prior to 
the bifurcation of the aorta and vena cava as the 
gonadal vessels cross the ureter anteriorly. In the 
pelvis, the ureters course medially as they enter 
the bladder. 

 The ureter has a robust muscular layer of cir-
cular and longitudinal muscle fi bers that are 
responsible for peristaltic propulsion of urine. 
Since imaging techniques are snapshots in time, 
relative dilations and constrictions as a result of 
propulsion of the bolus of urine can be miscon-
strued as pathologic.  

    Preureteral Vena Cava (Retrocaval/
Circumcaval Ureter) 

    Pathogenesis 

 The normal course of the right ureter is lateral to 
the inferior vena cava (IVC). However, in certain 
circumstances (estimated 1 in 1,100) [ 67 ], the 
ureter takes an anomalous course, wrapping 
around the vena cava posteriorly, exiting between 
the IVC and aorta, and proceeding caudad to 
cross the iliac vessels anteriorly as it enters the 
pelvis to insert into the normal position in the 
bladder. This occurs because of a divergence of 
the normal embryologic development of the IVC. 
The IVC develops through a series of fusion 
events between multiple inchoate venous drain-
age systems of the 6th–8th-week embryo. Those 
segments that do not fuse to form the IVC selec-
tively degenerate. One such drainage system is 
the posterior cardinal veins which drain the infe-
rior portion of the embryo. The right posterior 
cardinal vein lies anterior to the developing ure-
ter and with renal ascent becomes situated lateral 
to them. The subcardinal veins, situated medial to 
the ureter, are the venous segment that fuses to 
normally become the renal segment of the IVC. 
However, if the right posterior cardinal vein does 
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not degenerate, it forms the renal segment of the 
IVC, and its anterior and lateral position to the 
ureter persists. In this conformation, the ureter 
may become obstructed by the overlying vena 
cava. Since the condition is due to a disorder of 
vascular development and not ureteral develop-
ment, it has been suggested that it be referred to 
as “preureteral vena cava.”  

    Clinical Presentation 

 If the ureter becomes obstructed, patients typi-
cally present with symptoms indicative of ure-
teral obstruction. Symptoms may be intermittent 
or may not surface until a diuretic event occurs, 
as with the ingestion of caffeinated or alcoholic 
beverages. Given this, the condition is often not 
diagnosed until early adulthood. These symp-
toms may very well exist in the pediatric popula-
tion, but the similarities with symptoms of 
gastrointestinal origin probably delays diagnosis. 
Conversely, the diagnosis is sometimes made 
incidentally during radiographic evaluation of 
other disorders. 

 The signs and symptoms are of typical renal 
colic, usually abdominal or fl ank pain and nausea 
and vomiting. Urinary stasis can predispose to 
urinary tract infections or pyelonephritis, which 
will prompt evaluation and intervention. 
Hydronephrosis can also result in gross hematu-
ria. Urinary calculi formation and deterioration 
of renal function are also other presentations that 
lead to evaluation and diagnosis.  

    Imaging 

 Retrocaval ureters can exhibit two clinical types 
[ 68 ,  69 ]: Type 1, the more common one, is the 
classical obstructed ureter with hydronephrosis. 
Type 2 has minimal to absent hydronephrosis, 
suggesting a non-obstructive pattern. The diag-
nosis of either type of retrocaval ureter is made 
radiographically. However, given the sometimes 
absence of symptoms, early diagnosis is contin-
gent on high clinical suspicion. In the past, as 

was the case in many urologic maladies of the 
upper tract, initial evaluation was with intrave-
nous pyelography (IVP). One would typically 
see right-sided hydronephrosis tapering to a 
“sickle”- or “fi sh-hook”-shaped ureter just 
proximal to the IVC (Type 1). The ureter is 
medially deviated, and the point of obstruction 
appears to occur at the edge of the iliopsoas 
muscle, typically around the transverse process 
of the third lumbar vertebrae. As it arises from 
under the IVC, distally, the ureter may have 
incomplete opacifi cation. With retrograde 
pyelography, one can see the above fi ndings, 
except the distal ureter is more clearly opaci-
fi ed. Of note, mid-ureteral valves, another 
exceedingly rare congenital entity, can mas-
querade as a retrocaval ureter with similar radio-
graphic fi ndings due to obstruction. 

 The contemporary modality for diagnosis is 
contrast-enhanced CT (Fig.  14.12 ) since the ure-
ter and IVC can be visualized simultaneously, thus 
clinching the diagnosis [ 70 – 74 ]. As expected, the 
retrocaval ureter passes posterior and medial to 
the IVC, and if the ureter is obstructed, like on 
IVP, the distal ureter may not fi ll with contrast. 
However, the anatomical advantage of CT clearly 

  Fig. 14.12    Retrocaval ureter. This CT scan performed 
for trauma demonstrates that the right ureter is posterior to 
the inferior vena cava ( arrowhead ). This retrocaval ureter 
or preureteral vena cava confi guration was not associated 
with obstruction or hydronephrosis       
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delineates the necessary spatial relationship of 
the two structures for diagnosis.

   The use of MRI has been also reported, in 
which multiplanar reconstruction images can 
map out the entire course of the retrocaval ureter 
with the same fi ndings as in CT imaging [ 75 ,  76 ]. 
The advantage of lack of radiation or iodinated 
contrast medium makes MRI an attractive alter-
native for older children, who do not require 
sedation.  

    Treatment 

 If ureteral obstruction is present, intervention is 
warranted. Open ureteroureterostomy [ 77 ] has 
largely been replaced by laparoscopic recon-
struction given its decreased postoperative con-
valescence and relative technical ease [ 78 – 88 ]. 
The retroperitoneal laparoscopic approach 
 [ 89 – 95 ] as well as robotic-assisted laparoscopic 
approach have also been reported in the literature 
[ 96 – 101 ]. Regardless of the modality, the basic 
steps of the reconstruction are the same: division 
of the ureter on either side of the IVC, reposition-
ing of the ureteral ends lateral to the IVC, and 
reanastomosis to restore continuity.   

    Ureteral Polyps 

    Pathogenesis 

 Fibroepithelial polyps (FEP) have unclear etiol-
ogy. As the name implies, these benign soft tissue 
masses consist of mainly fi brous stromal tissue, 
vasculature, and normal urothelium. Infl ammation 
is usually not present. They may develop any-
where along the urothelial-lined urinary tract. 
These polyps can be obstructive, but the combi-
nation of ureteral peristalsis and urine fl ow pro-
duces persistent traction causing the peduncle of 
the mass to grow and elongate. When they are 
situated proximally (most common) and have not 
undergone signifi cant longitudinal growth, they 
are a rare cause of ureteropelvic junction (UPJ) 
obstruction.  

    Clinical Presentation 

 Fibroepithelial polyps are uncommon in chil-
dren. In one large series of all UPJ cases requir-
ing pyeloplasty in a 35-year period, fi broepithelial 
polyps occurred 0.5 % of the time [ 102 ]. Cassar 
Delia et al. performed a literature review of pol-
yps causing UPJ obstruction in children showing 
that the ratio of boys to girls was 13.5:1. The left 
side was involved in 67 % of cases and bilateral 
occurrence was 7 % [ 103 ]. Abdominal or fl ank 
pain was the presenting symptom in 86 % of 
cases. These polyps can be quite long, even pro-
lapsing into the bladder or urethra. They may also 
present clinically with hematuria or as an inci-
dental fi nding after workup for hydronephrosis. 
Reports of metachronous FEPs have also been 
reported after excision and pyeloplasty [ 104 ]. 
There has been one report of FEP causing com-
plete obstruction and leading to complete loss of 
renal function [ 105 ].  

    Imaging 

 A recent series of 35 children with confi rmed 
fi broepithelial polyps reported a 62 % accuracy 
rate of establishing the diagnosis on ultrasonog-
raphy, as well as inferior accuracy with intrave-
nous pyelography (IVP) (24 %) [ 106 ]. Younger 
and thinner children were examined with higher 
frequency transducers (L5-12, 5–8 MHz) while 
lower frequency transducers (C8-5, 5–8 MHz) 
were utilized in older and larger children. 
Echogenic non-shadowing, well-defi ned masses 
were discovered with distention of the renal pel-
vis. If the mass is obstructing, hydronephrosis or 
hydroureter is present. Doppler detected blood 
fl ow [ 106 ]. 

 In a review of the literature, Cassar Delia et al. 
found that a fi lling defect is only discovered 36 % 
of the time on IVP (Fig.  14.13 ) but 70 % of retro-
grade pyelograms (RPG) [ 103 ]. Consequently, 
preoperative recognition of these polyps is 
uncommon in the absence of RPG. The ureter 
usually appears narrow at the point of attachment 
of the polyp stalk with hydroureter distally 
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around the body of the polyp secondary to partial 
obstruction. The mass presents as a long, slender 
fi lling defect with surrounding contrast. These 
fi lling defects can be mistaken for radiolucent 
urinary calculi or blood clots, especially in 
patients with a history of hematuria.

   On computed tomography (CT), FEPs appear as 
a soft tissue mass in a dilated system with contrast 
surrounding it circumferentially [ 107 ,  108 ]. Polyps 
can appear as either a long, pedunculated, smooth-
walled soft tissue mass or a short mass with mul-
tiple, polypoid projections [ 109 ]. CT ureteroscopy 
is a method of CT imaging using special surface-
rendering techniques and endoscopic software that 
has been reportedly used to diagnose FEP [ 110 ]. 
An obvious disadvantage is the increase in radia-
tion exposure associated with CT-based imaging. 

 Magnetic resonance imaging (MRI) charac-
terization of FEP has been described as a ureteral 

lesion hyperintense to the skeletal muscle on 
T2-weighted images and hypointense (to muscle) 
on T1-weighted images. There is intense post- 
gadolinium enhancement (T1), and its lower sig-
nal intensity relative to high-intensity urine on 
T2-weighted images allows for visualization in a 
dilated collecting system [ 111 ,  112 ]. Short of the 
lack of radiation, this imaging modality does not 
appear to garner additional useful information 
compared to the “simpler” methods described 
above, especially given its added expense.  

    Treatment 

 Management is dependent on location of the 
polyp. Since the majority of the polyps are 
located around the UPJ, and preoperative diagno-
sis of FEP is relatively uncommon, a signifi cant 

a b

  Fig. 14.13    Ureteral polyp. ( a ) This coronal contrast-
enhanced CT scan performed for fl ank pain demonstrates 
severe hydronephrosis of the left lower pole. The right 
kidney is normal. ( b ) After a nephrostomy tube was 

placed, antegrade nephrostogram demonstrates a circular 
fi lling defect at the ureteropelvic junction ( arrowhead ), a 
ureteral polyp, which was causing the ureteropelvic junc-
tion obstruction       
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proportion are discovered and treated while 
undergoing open [ 109 ,  113 – 115 ] or laparoscopic 
and robotic-assisted laparoscopic pyeloplasty 
[ 104 ,  116 – 118 ]. Historically, nephroureterec-
tomy was performed when polyps were mistaken 
for malignancy. Since then, different open surgi-
cal options have also be described, including ure-
terotomy [ 119 – 123 ] or pyelotomy with excision 
[ 124 ]. However, in the contemporary literature, 
numerous reports describe successful endoscopic 
treatment with ureteroscopy [ 125 – 137 ] or percu-
taneous nephroscopy [ 131 ] for lesions at the UPJ. 
Recurrence should be on the differential diagno-
sis for patients who have had a previous FEP and 
have reappearance of symptoms [ 104 ].   

    Ureteral Duplication 

    Pathogenesis 

 Embryologically, abnormalities of the ureteric 
bud, sprouting off the caudal end of the meso-
nephric ducts to interact with the metanephric 
blastema, can lead to ureteral duplication. It is a 
relatively common congenital malformation, 
occurring in approximately 1 in 125 based on 
autopsy studies. It is found slightly more often in 
girls and unilaterally. When two separate ureteric 
buds sprout from the mesonephric duct, each 
induces different portions of the metanephric 
mesenchyme, dividing the eventual kidney into 
upper and lower poles. When the separate buds 
incorporate into the bladder, the more cranial bud 
(serving the upper 1/3 of the kidney) terminates 
in a location more caudal and medial than 
expected. Conversely, the most caudal bud 
(which will drain the lower pole of the kidney) 
ends more cranial and lateral. This phenomenon 
is known as the Weigert-Meyer rule and holds 
true in all but the rarest exceptions. The lower 
pole ureter tends to have a shorter course within 
in the bladder wall due to its lateral positioning, 
predisposing it to vesicoureteral refl ux (VUR), 
whereas the upper pole ureter with a long course 
within the bladder wall is more often associated 
with obstruction or ureterocele (see next section). 
Partial duplications will have convergence of the 

ureters into a single system prior to its entry into 
the bladder (ureterovesical junction, UVJ). These 
duplications, a result of branching of the ureteric 
bud prior to interaction with the metanephric 
blastema, often are associated with normal renal 
systems.  

    Clinical Presentation 

 Patients with partial duplication most often are 
asymptomatic and are diagnosed incidentally. 
However, lower pole ureteropelvic junction 
obstruction (UPJO) can be associated with partial 
duplications and would present similarly to 
single- system UPJO, i.e., hydronephrosis on 
antenatal imaging or intermittent fl ank pain in an 
older child. Clinical presentation of complete 
duplications is dependent on the associated 
pathology. Upper pole ureteral ectopia can result 
in incontinence or acute or recurrent urinary tract 
infections. If a ureterocele is present, UTI or sep-
sis can occur along with a palpable abdominal 
mass (severe hydronephrosis). If it is large 
enough to prolapse from the urethra, it can pres-
ent as a vaginal mass and even cause bladder out-
let obstruction. Urinary incontinence and 
hematuria can also be clinical symptoms. VUR to 
the lower pole is similar to single-system VUR in 
presentation, i.e., UTI and pyelonephritis.  

    Imaging 

 Ureteral duplications may be detected by various 
imaging modalities. Many are seen on antenatal 
ultrasound with nonspecifi c hydronephrosis 
(Fig.  14.14 ). Sonographically, duplicated sys-
tems will have an intervening bar of renal paren-
chyma separating the upper and lower poles. This 
parenchyma is more evident in the presence of 
hydronephrosis. The hydronephrosis can be due 
to obstruction (upper pole ureterocele/ectopia, 
lower pole UPJO) or VUR (lower pole). Upper 
pole renal moieties, since they are often 
obstructed, may have varying degrees of dyspla-
sia represented as hyperechoic parenchyma and 
smaller relative size with varying degrees of 
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thickness. Ureters may show dilation, and if pres-
ent on ultrasound, it is important to note the site 
of insertion of the distal ureter to evaluate for an 
ectopic location. Ureteroceles (see next section) 
will reveal a thin-walled cystic structure on the 
posterior wall of the bladder. The sonographer 
must ensure that the bladder is not too distended 
because an effaced ureterocele may avoid detec-
tion. Conversely, if the bladder is too empty, the 
ureterocele can easily be lost among the folds of 
the bladder wall. If the ureterocele is particularly 
large, enough to obstruct the contralateral ure-
teral orifi ce, bilateral hydronephrosis can be seen.

   Ureteral ectopia, in the absence of a ureterocele, 
can be delineated with intravenous pyelography 

(IVP). When the upper pole hydronephrosis dis-
places the lower pole downward and outward, the 
renal pelvis and calyces appear as a “drooping lily” 
(see Fig.  14.15 ). The ureter can be followed down 
to its ectopic insertion.

   UPJO presents with signifi cant hydronephro-
sis on US. MAG-3 renography is used to confi rm 
obstruction, as in single-system UPJO. 

 VUR is not typically diagnosed with renal 
ultrasound, but hydronephrosis with or without 
hydroureter may be seen. Since duplication is 
often associated with VUR, a voiding cystoure-
throgram (VCUG) is often performed. VUR into 
a lower pole ureter may present itself with the 
“drooping lily” sign, as in the IVP (described 
above) (Fig.  14.15 ).  

    Treatment 

 After determining the patient’s anatomy, man-
agement is dictated by what anomalies are pres-
ent, e.g., VUR, ectopic ureter, ureterocele, and 

a

b

  Fig. 14.14    Ureteral duplication (ultrasound). This 
patient had prenatal hydronephrosis. ( a ) A sagittal image 
of the left kidney demonstrates a duplex kidney with 
hydronephrosis of the upper pole. ( b ) A sagittal view of 
the deep pelvis demonstrates the dilated upper pole ureter 
( UR ) extending below the bladder base ( BL ). These two 
images demonstrate the Weigert-Meyer rule of duplex 
kidneys in which when there is complete ureteral duplica-
tion, the upper pole ureter is ectopic       

  Fig. 14.15    Complete ureteral duplication. This VCUG 
demonstrates left lower pole refl ux. The axis of the caly-
ces is towards the ipsilateral shoulder, with the appear-
ance of the calyces resembling a “drooping lily.” The 
round fi lling defect ( arrowheads ) within the bladder is the 
ureterocele associated with the ectopic upper pole ureter       
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UPJO. Duplication in of itself does not require 
specifi c treatment unless there is concomitant 
pathology. Please refer to those specifi c sections 
for management.   

    Ureterocele 

    Pathogenesis 

 Ureteroceles are cystic dilations of the terminal ure-
ter on the posterior wall of the bladder. They do not 
always confi ne themselves to within the bladder but 
can extend into the bladder neck or into the urethra. 
Since these structures are variations of the ectopic 
ureter, they can be found in single renal systems but 
generally affect the upper pole in duplex systems 
(80 %). There is ipsilateral lower pole vesicoureteral 
refl ux (VUR) 40–60 % of the time [ 138 ,  139 ], and 
contralateral VUR may also be present [ 139 ,   140 ]. 
Single- system ureteroceles, found more commonly 
in boys, are usually orthotopic and are less prone 
to being obstructed or be associated with renal dys-
plasia. There are multiple classifi cation systems for 
ureteroceles, based on the predominant location, 
i.e., intravesical versus extravesical, descriptive 
characteristics (cecoureterocele, stenotic, sphinc-
teric, sphinctero-stenotic, etc.) [ 141 ], or location of 
the orifi ce (ectopic vs. orthotopic). A clinical/func-
tional classifi cation system is based on the degree of 
risk to renal units (upper pole, entire kidney, contra-
lateral kidney) a ureterocele poses [ 142 ,  143 ] and is 
useful in directing management. 

 There are multiple theories for the etiology of 
ureteroceles, the oldest of which is the theory of 
persistence of a bilayered membrane of the distal 
ureter, called the Chwalla membrane, which sepa-
rates it from the urogenital sinus in early embryo-
logic development [ 144 ]. Other theories have 
focused on abnormal muscular development of the 
terminal ureter [ 145 ], ureteral bud malpositioning 
on the mesonephric duct [ 146 ], or embryologic 
stimuli responsible for bladder expansion also 
affecting the distal ureter [ 141 ]. Recent evidence 
based on observations in murine models have 
increased the understanding of interactions of the 
maturing ureteral bud with the bladder, although the 
mechanisms have yet to be fully elucidated [ 147 ].  

    Clinical Presentation 

 Ureteroceles are 4 times more common in girls 
and are found almost exclusively in Caucasians 
[ 148 ,  149 ]. The increased utilization of prenatal 
ultrasonography has led to the increased prenatal 
diagnosis of ureteroceles. However, many children 
are still diagnosed clinically [ 143 ,  150 ]. The most 
common presentation is urinary tract infection 
and, in extreme cases, urosepsis. Physical exam 
revealed a palpable abdominal mass indicative of 
a severely hydronephrotic kidney or an interlabial 
mass representing the prolapsed ureterocele from 
the urethral meatus. Large ectopic ureteroceles in 
the bladder neck or urethra can cause bladder outlet 
obstruction or incontinence from disruption of nor-
mal sphincter function. Longstanding obstruction 
and urinary stasis increases risk of urolithiasis. In 
infants, the only symptom may be failure to thrive.  

    Imaging 

 The bladder should always be evaluated when a 
sonographic survey of the kidneys is performed 
(Fig.  14.16 ). Since ureteroceles are most com-
monly associated with duplicated collecting sys-
tems, a duplex kidney (seen as two separate renal 
collecting systems separated by a bar of renal 

  Fig. 14.16    Ureterocele. This transverse view of the blad-
der demonstrates the thin wall ( arrowheads ) outlines the 
anterior margin of a ureterocele. The ureter was dilated 
(not shown)       
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parenchyma) with a hydronephrotic upper pole 
and hydroureter should prompt a detailed look 
for bladder pathology with a suspicion for ure-
terocele. The robustness (or lack thereof) and 
echogenicity of the rim of parenchyma surround-
ing the upper pole hydronephrosis can give a 
rough estimate of function, but this must never be 
relied upon solely, given its variability. The ipsi-
lateral lower pole can also be hydronephrotic if 
vesicoureteral refl ux is present or a severely 
dilated upper pole collecting system impedes 
drainage of the lower system. In the bladder, a 
ureterocele appears as a thin-walled cystic struc-
ture on the posterior wall of the bladder. Potential 
pitfalls for the ultrasonographer are ensuring that 
the bladder is not too distended as an effaced ure-
terocele may avoid detection. Conversely, an 
empty bladder with its folded mucosa can mask a 
ureterocele, or if large the ureterocele can be mis-
taken for the bladder itself. One has to be cau-
tious of misinterpreting a dilated distal ureter 
pressing on the bladder wall for a ureterocele, 
i.e., “pseudoureterocele” [ 151 – 154 ]. The dis-
criminating feature is the thickness of the wall of 
the cystic dilation, e.g., thin-walled for a true ure-
terocele and thicker bilaminar bladder wall for a 
pseudoureterocele (Fig.  14.17 ). In addition, a 

ureterocele that is associated with a non- 
hydronephrotic dysplastic upper pole, referred to 
as a non-obstructive ectopic ureterocele [ 155 ] or 
ureterocele disproportion [ 156 ], can easily be 
overlooked.

    Intravenous pyelography (IVP) has been 
largely replaced by VCUG (anatomic) and 
nuclear renography (functional). Contrast drain-
age from the affected upper pole may give a sug-
gestion of the level of retained function of that 
moiety. The upper pole will be laterally deviated 
with delayed or no excretion of contrast. This 
pushes the lower pole to cause it to deviate later-
ally and inferiorly, giving it the “drooping lily” 
appearance. The corresponding lower pole ureter 
can appear tortuous and notched due to impinge-
ment of the dilated upper pole ureter. If the upper 
pole is non- or poorly functional, only the lower 
pole may be seen, so the kidney appears to have 
a decreased number of calyces. If the upper pole 
unit is functional, contrast can fi ll the ureterocele 
in the bladder and produce the “cobra-head” sign. 

 The VCUG provides details of the bladder, 
distal ureters, and urethra (voiding phase). It can 
distinguish ureteroceles from pseudoureteroceles 
and evaluates the dynamic nature of the uretero-
cele. They are best seen early in the study, during 
the fi lling phase, since if the bladder is too full, 
the ureterocele can be effaced. It typically appears 
as a large, smooth, fi lling defect on the posterior 
wall/trigone. VUR to the lower pole moiety can 
be demonstrated also. Once the bladder is full, 
the ureterocele may evert to look like a diverticu-
lum with its location at the bladder base the only 
indication of being a ureterocele. Finally, during 
the voiding phase, prolapse of a large ureterocele 
can be demonstrated with movement of it into the 
urethra. Dimercaptosuccinic acid (DMSA) radio-
nuclide scans are useful to evaluate for the degree 
of function of the upper pole moiety. The pres-
ence of function is to determine the salvageabil-
ity of the renal unit but there are no objective 
criteria for what level of function deserves 
saving. 

 There are proponents of magnetic resonance 
urography due to its ability to provide both high- 
defi nition anatomical detail and functional data. 
The fact that the study requires sedation and is 

  Fig. 14.17    Pseudoureterocele. Transverse view of the 
bladder demonstrates a round structure posterior to the 
right base of the bladder which is the pseudoureterocele 
( P ). There is a thick-wall interface between this structure 
and the lumen of the bladder ( B ), distinguishing this pseu-
doureterocele from a ureterocele       

 

D.D. Tu et al.



319

more costly has limited its use to equivocal cases 
where the anatomy is unclear. Since there is no 
ionizing radiation, MRI has been effective in its 
use for prenatal evaluation, especially in cases of 
oligohydramnios where ultrasonography is lim-
ited. It has been found to be accurate in diagnos-
ing genitourinary abnormalities such as 
ureterocele [ 157 – 159 ].  

    Treatment 

 Due to the anatomic and physiologic variation of 
the disorder, management for each child should 
be individualized. Even in situations where surgi-
cal intervention is warranted, no specifi c surgery 
will remedy all cases. However, it is generally 
agreed upon that all children with a ureterocele 
should be on prophylactic antibiotics to prevent 
UTI/urosepsis [ 160 ]. The treatment for a child 
with a ureterocele and sepsis, unresponsive to 
antibiotics, is urgent endoscopic decompression 
via transurethral incision (TUI). When this 
method was fi rst described [ 161 ,  162 ], subse-
quent high rates of VUR and consequently, need 
for secondary surgery, relegated it to be reserved 
for septic children as an emergency decompress-
ing procedure. However, advances in both the 
technology and technique of the procedure have 
expanded its applicability as an initial treatment 
option. Nevertheless, a recent meta-analysis con-
fi rms that the relative risk for reoperation was 
higher when VUR was present and if the uretero-
cele was extravesical [ 163 ]. 

 Ultimately, renal preservation, in the absence 
of obstruction and VUR, and urinary continence 
(in the case of ectopic ureteroceles) are primary 
goals. However, the majority of affected upper 
pole moieties do not contribute much to overall 
renal function and are often removed. This fact is 
independent of whether the ureterocele was diag-
nosed antenatally or postnatally [ 164 ]. Removal 
of these units are based on accounts of increased 
risk for UTI and histological evaluation that 
 indicate dysplastic, nonreversible changes [ 165 ]. 
For the less common single-system ureterocele, 
there are two treatment options: (1) endoscopic 
decompression or (2) excision of ureterocele 

with ureteral reimplant. A recent meta-analysis 
of the literature suggests endoscopic decompres-
sion as the treatment of choice in single-system 
ureteroceles [ 163 ]. 

 For duplex systems, surgery is more complex 
and there are differences in opinion as to which 
approach is best. The “upper tract” approach con-
sists of upper pole nephrectomy and partial/total 
ureterectomy (for a nonfunctional upper pole) or 
ipsilateral ureteropyelostomy or proximal ureter-
oureterostomy (for salvageable moiety). This 
approach avoids a second operation in up to 80 % 
of patients [ 166 ,  167 ]. The belief is with decom-
pression of the ureterocele and subsequent less 
distortion of the trigone, some cases of lower pole 
VUR resolves. The “lower tract” approach entails 
ureterocele excision with common sheath reim-
plantation of both upper and lower pole ureters. 
This approach, obviously, is only feasible if the 
upper pole has salvageable function. Some sur-
geons advocate the “combined” approach which 
treats VUR or ectopic ureteroceles with excision 
and reimplantation and the nonfunctional upper 
pole with nephroureterectomy. This approach 
necessitates 2 incisions but in one series, only 
14 % required a second operation for persistent 
VUR, making it an attractive option [ 148 ]. 

 Some have advocated expectant (nonsurgical) 
management in specifi c subsets of patients, e.g., 
nonfunctional upper pole moiety, non-obstructed 
lower pole, or lower pole with low-grade VUR 
[ 168 – 171 ].   

    Ectopic Ureters 

    Pathogenesis 

 Ectopic ureters, or ureters that do not insert nor-
mally into the bladder trigone [ 172 ], are usually 
associated with ureteral duplication. However, 
20 % are associated with single-system kidneys, 
and in boys, most drain single systems. The 
embryologic mechanism of ureteral duplication, 
as discussed in the respective section, entails 
abnormal sprouting of the ureteric buds from 
the mesonephric duct. When the bud originates 
in a more cranial position than expected, its 
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incorporation into the posterior wall of the blad-
der causes the orifi ce to assume a more caudal 
and medial position, such as the bladder neck or, 
most commonly, the urethra. It is believed that 
the more cranial the budding position on the 
mesonephric duct, the more ectopic the position 
of the orifi ce. Too cranial of a position may actu-
ally preclude incorporation into the bladder wall 
and force termination of the ureter into various 
derivatives of the common mesonephric duct or 
mesonephric duct remnants. In boys, ureters may 
therefore insert into a prostatic utricle, seminal 
vesicles, vas deferens, or epididymis. In girls, 
ureters can terminate into the vagina, uterus, fal-
lopian tubes, and Gartner’s duct. The abnormal 
budding may fail to appropriately induce differ-
entiation of the metanephric mesenchyme, result-
ing in its frequent association with a hypoplastic 
or dysplastic renal unit. The more remote the 
location of the ureteral orifi ce, the greater the 
degree of renal maldevelopment.  

    Clinical Presentation 

 Given the widespread use of antenatal ultraso-
nography, ectopic ureters may be discovered 
prior to birth if they are associated with hydro-
ureteronephrosis. However, in cases where 
hydronephrosis is not present, ectopic ureters 
may not be suspected until later in childhood 
when other clinical issues may arise. Because 
mesonephric duct derivatives are all proximal to 
the external urethral sphincter (EUS) in boys, 
these children are invariably continent. However, 
insertion into the urethra can induce sensations of 
urinary urgency and frequency. Ectopic ureters 
can be obstructed leading to hydroureteronephro-
sis, or have refl ux, presenting with a febrile uri-
nary tract infection. Drainage into the epididymis, 
vas deferens, or seminal vesicles can cause a 
chemical epididymitis. In girls, in whom ureteral 
ectopia is at least twice as common, the clinical 
presentation may be urinary incontinence and 
constant dribbling despite normal voiding habits, 
due to the insertion of the ureters into mesoneph-
ric duct remnant derivatives that are distal to the 
EUS or outside the urethra (such as vagina or 
uterus). Before the period of toilet training, 

infants may have failure to thrive, recurrent UTI, 
or persistent vaginal discharge.  

    Imaging 

 In cases where an ectopic ureter is suspected, 
radiological evaluation begins with a renal and 
bladder ultrasound (US). The greater the degree 
of ureteral dilation, the easier it is to determine 
the site of ectopic insertion. In cases of single- 
system ectopic ureters, the corresponding renal 
unit may be diffi cult to fi nd because these may be 
dysplastic, small, and/or ectopic. Most com-
monly, hydronephrosis of the upper pole of a 
duplex kidney with a normal bladder is noted. 
These upper renal moieties can have hyperechoic 
parenchyma and thinning as a result of the hydro-
nephrosis and high association with renal dyspla-
sia. A severely dilated ureter can give the 
appearance of a “pseudoureterocele” (see ure-
terocele section – Fig.  14.17 ), which if not care-
ful can be mistaken for and treated as a 
ureterocele. Traditionally, intravenous pyelogra-
phy (IVP) was used to diagnose an ectopic ureter. 
As discussed in the previous section on ureteral 
duplication, upper pole hydronephrosis can dis-
place the lower pole inferiorly, giving it the 
“drooping lily” sign. Since ectopic ureters may 
drain renal moieties with decreased or minimal 
function, the upper pole may not show excretion, 
and the altered axis of the lower pole (pointing 
towards the ipsilateral shoulder) as well as the 
appearance of a decreased number of calyces 
provide evidence of the renal duplicity. The ure-
ter can sometimes be followed down to its ecto-
pic insertion with fi lling of the space with 
contrast, such as the vagina in a girl. 

 VCUG can not only demonstrate vesicoure-
teral refl ux (VUR) to the lower pole of a duplex 
system, but if refl ux were to occur into the ectopic 
ureter itself, it can give the examiner an estima-
tion of the location of the orifi ce. Refl ux visu-
alized during the fi lling or voiding phase occurs 
with insertions proximal to the bladder neck. 
Insertions into the urethra (distal to bladder neck) 
demonstrate refl ux only with voiding. This fi nd-
ing may require several cycles of voiding under 
fl uoroscopy, referred to as cyclic VCUG [ 173 ]. 
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 If US is unable to show the dysplastic upper 
pole of a duplex kidney or the dysplastic ectopic 
kidney, then any contrast-enhanced study, CT or 
MRI, can be useful. MRI has been advocated by 
some as the imaging study of choice for this situ-
ation or when location of the orifi ce is in question 
[ 174 – 177 ]. Several reports state superiority of 
MRI in evaluating the distal ureter compared to 
US and IVP [ 178 ,  179 ]. No contrast is needed and 
ionizing radiation is absent. T2-weighted images 
are excellent at delineating fl uid-fi lled structures 
such as an ectopic ureter [ 180 ]. In addition, MRI 
is excellent in showing the location of the orifi ce 
[ 175 ,  181 – 184 ], especially with sagittal views. 
However, despite accounts of successful MRI 
without sedation [ 180 ], most institutions utiliz-
ing MRI for young children have required seda-
tion in some form for optimal imaging. This fact, 
along with the increased cost, has limited MRI to 
equivocal cases in need of defi nition of anatomy 
rather than as a screening modality. 

 Despite the ability for MRI to offer renal func-
tional data, dimercaptosuccinic acid (DMSA) 
radionuclide scans remain the gold standard. The 
presence of function may determine salvageabil-
ity, and guide surgical plan, but there are no 
objective criteria for what level of function 
deserves saving.  

    Treatment 

 Since many ectopic ureters drain minimally func-
tioning moieties, partial nephrectomy to remove 
the affected unit is often carried out. Finding the 
location of the ectopic ureteral insertion is not 
crucial if nephrectomy or partial nephrectomy is 
planned. This has been done with a variety of 
approaches, i.e., open, laparoscopic, and robotic 
assisted. If the offending ureter also has VUR, a 
second lower incision is made to remove it in its 
entirety. However, if the moiety has salvageable 
function, two approaches are feasible: uretero-
ureterostomy (high anastomosis of upper pole 
ureter with lower pole ureter) or ureteral reim-
plantation of the ectopic ureter. Treatment of 
single-system ectopic ureters is similar, with total 
nephrectomy for a non-salvageable renal moiety 
and also ureterectomy if there is concomitant 

VUR. There have been reports of successful renal 
embolization for single-system kidneys with 
scant function [ 185 ,  186 ]. With salvageable kid-
neys, ureteral reimplantation of the single system 
is performed.   

    Megaureter 

    Pathogenesis 

 The term megaureter is purely a descriptive term 
for any ureter >7 mm in diameter [ 187 ] and does 
not imply a particular pathology. There are four 
main classifi cations of megaureter [ 188 ,  189 ]:
    1.    Obstructed: adynamic/aperistaltic segment of 

distal ureter   
   2.    Refl uxing: pressure transmission to ureter 

during bladder cycling and fi lling   
   3.    Non-obstructed and non-refl uxing (most com-

mon): possible delay in normal maturation of 
the distal ureter or disease states that produce 
excessive polyuria that overwhelms a normal 
UVJ   

   4.    Refl uxing and obstructed (least common): 
disrupted valve mechanism and also ineffec-
tive peristalsis of distal ureteral segment    
  This classifi cation is contingent on an abnor-

mality inherent to the ureterovesical junction, 
termed primary megaureter. Secondary megaure-
ter, on the other hand, occurs due to abnormali-
ties involving the bladder or urethra that lead to 
functional or mechanical obstruction.  

    Clinical Presentation 

 Primary megaureter is usually asymptomatic and 
commonly presents with hydroureter on antena-
tal ultrasound. Less commonly it can be diag-
nosed later in life on evaluation for UTI, 
abdominal pain, or hematuria.  

    Imaging 

 Working through the classifi cation described 
above, the radiographic evaluation for megaure-
ter follows an orderly progression (Fig.  14.18 ). 
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c

b

  Fig. 14.18    Megaureter. This infant was evaluated for 
prenatal hydronephrosis. ( a ) Transverse view of the blad-
der demonstrates a dilated hypoechoic structure posterior 
and to the left of the bladder. This structure elongated and 
was the dilated ureter. ( b ) Sagittal views of the left kidney 

demonstrate moderate hydronephrosis. ( c ) Tc99 MAG3 
demonstrates mildly retained contrast within the moder-
ately dilated left renal pelvis and ureter without obstruc-
tive parameters after the administration of furosemide       
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Since the majority are diagnosed with antenatal 
US, it is logical to use the same imaging modality 
for confi rmation of persistence of dilation post-
natally. Findings on US, which is mainly a 
descriptive study, can be suggestive of the etiol-
ogy of the dilation. Characteristically, the dila-
tion of the distal ureter is often of higher 
magnitude compared to the upper ureter and col-
lecting system. The distal aperistaltic segment 
can also be elucidated on US with the ureter 
immediately above the lesion actually exhibiting 
hyperperistalsis [ 190 ]. Ultrasound can also be 
useful to evaluate the bladder and urethra for 
pathology that may indicate a secondary cause 
for megaureter, although urethral anatomy is 
often diffi cult to discern. If the postnatal US con-
fi rms the condition (hydroureteronephrosis), then 
a VCUG is performed to exclude vesicoureteral 
refl ux (VUR) and provide more anatomical detail 
of the bladder and urethra [ 191 ]. VUR and 
obstruction, as paradoxical as it sounds, can 
coexist in a small proportion of patients and is 
suggested if a delayed fi lm is obtained following 
the VCUG [ 192 ]. However, clinical suspicion is 
instrumental, since, despite the ability of delayed 
fi lms for both VCUG and RNC to diagnose refl ux 
and obstruction, delayed fi lms are not standard.

   In the absence of VUR, assessment is made 
with diuretic renography (DR) for obstruction. 
The two most commonly used agents are 99 m 
Tc-diethylenetriaminepentaacetic acid (DTPA) 
and 99 m Tc-mercaptoacetyltriglycine (MAG-3). 
MAG-3 is the standard agent for infants due to 
improved imaging in immature or poorly func-
tioning systems [ 191 ,  193 ]. DR should be deferred 
in very young infants since the relatively low neo-
natal glomerular fi ltration rate produces a blunted 
response to diuretics [ 192 ]. This fact and urinary 
stasis due to the inherent nature of a dilated sys-
tem can give a falsely elevated half- time (T 1/2 ). To 
counteract this and since furosemide reaches its 
maximal effect after 15–18 min, a modifi cation to 
the standard DR, known as furosemide-15 (F-15), 
entails administration of the diuretic 15 min prior 
to injection of the radiotracer in order to maxi-
mize urinary fl ow rates at the beginning of the 
study [ 194 ]. Since many variables can affect the 
outcome of DR, the “well-tempered” renogram 
has been proposed for uniformity of method 

[ 195 ]. It has three main components: appropriate 
patient preparation (pre-study hydration and blad-
der catheterization for the duration of the study), 
DR technique (type of radiopharmaceutical, tim-
ing, dosage, and data acquisition), and data analy-
sis (curve patterns, differential function, 
measuring diuretic response). 

 Magnetic resonance urography has been 
recently proposed as an alternative to renal scin-
tigraphy due to comparable ability to detect renal 
obstruction and superior anatomic and functional 
data acquisition. It also has the added advantage 
of not exposing children to ionizing radiation. 
However, this modality has only been described 
at certain specialized centers and requires a level 
of expertise not widely available [ 196 – 200 ]. 
This, coupled with the fact that sedation is 
required for an optimal study, has limited wide-
spread use (Fig.  14.19 ).

       Treatment 

 Many cases of antenatally diagnosed primary non-
refl uxing megaureter will resolve spontaneously 

  Fig. 14.19    MRU of severe bilateral megaureter. This 3D 
rendering of an MRU demonstrates severely dilated and 
tortuous ureters bilaterally. This patient had bilateral 
obstructed megaureters       
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[ 201 – 205 ]. Surgical correction is often indicated 
for increasing dilation or persistence, worsening 
renal function, or infections. Since non-obstructed 
and non-refl uxing megaureters most commonly 
resolve without intervention and do not cause 
renal compromise, the main goal is to distinguish 
this type of megaureter from the more dangerous 
obstructed megaureter; one is treated with obser-
vation/serial imaging and prophylactic antibiotics, 
the other with surgery (ureteral reimplanta-
tion ± ureteral tapering). Primary refl uxing mega-
ureter is treated like vesicoureteral refl ux as 
discussed above. Even after correction, some 
degree of residual dilation of the ureter usually 
persists. 

 In the case of duplicated ureters, management 
is dependent on renal function. If function is sal-
vageable, ureteroureterostomy or common sheath 
reimplantation is performed. In a non- salvageable 
kidney, heminephrectomy and megaureter exci-
sion can be done.   

    Vesicoureteral Refl ux (VUR) 

    Pathogenesis 

 Vesicoureteral refl ux (VUR) can be classifi ed as 
primary and secondary. Primary VUR is caused 
by an intrinsic defi ciency of the UVJ with a nor-
mal bladder and ureter. The ureteral segment that 
traverses the wall of the bladder (intramural ure-
ter) serves as a valve mechanism when the blad-
der contracts to prevent retrograde fl ow of urine 
[ 206 ]. To prevent VUR, the intramural length and 
the width of the ureter require a ratio of approxi-
mately 5:1. If the intramural length is too short or 
if the ureteral diameter is too large, the normal 
ureteral valve mechanism is incompetent and 
refl ux can occur [ 207 ]. 

 Secondary VUR is caused by processes that 
overwhelm the normal UVJ with abnormally 
high bladder fi lling and voiding pressures, such 
as voiding dysfunction or mechanical obstruction 
from posterior urethral valves or a prolapsing 
ureterocele. In addition, a paraureteral diverticu-
lum can disrupt the normal architecture of the 
UVJ leading to VUR. 

 Regardless of the cause, the end result is a ret-
rograde fl ow of urine from the bladder up to the 
ureter and in more severe cases to the renal pelvi-
calyceal system. Although not a risk factor for 
urinary tract infection itself, it can facilitate 
pyelonephritis. In turn, repeated bouts of pyelo-
nephritis can lead to renal scarring and eventual 
dysfunction.  

    Clinical Presentation 

 Indications for imaging of VUR is controversial. 
Usually VUR is diagnosed during an evaluation 
for a history of prenatal hydronephrosis or after 
a child develops a febrile urinary tract infection. 
In general, for patients with a history of moder-
ate or greater prenatal hydronephrosis, a VCUG 
is warranted. Thirty to 50 % of children with a 
febrile UTI are found to have VUR, and the rate 
can be as high as 70 % in those less than 1 year 
old [ 208 ]. In all children presenting with a febrile 
UTI or any male child with a UTI (febrile or not), 
further workup with a VCUG should be consid-
ered. There appears to be a genetic basis for some 
cases of VUR as there is a 27 % incidence of VUR 
among siblings of children with VUR and a 100 % 
concordance among identical twins. In addition, 
the incidence of VUR in offspring of a parent 
with a history of VUR is 36 % [ 209 – 212 ]. Given 
this increased risk for VUR, both the European 
Association of Urology (EUA) and the American 
Urological Association (AUA) recommend screen-
ing siblings, even if asymptomatic [ 211 ,  213 ,  214 ]. 
However, this is controversial, and the authors of 
this chapter have largely abandoned screening 
in asymptomatic siblings. Voiding cystourethro-
gram (VCUG) is used to assess the severity of 
VUR according to the International Refl ux Study 
Committee (IRSC) grading system.  

    Imaging 

 The two primary gold standard studies for the 
detection of refl ux are the VCUG and the radio-
nuclide cystogram (RNC) (Figs.  14.20  and 
 14.21 ). Both require urethral catheterization, 
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instillation of contrast, and voiding. RNC has 
been found to be more sensitive in detecting 
VUR than VCUG, but due to the decreased 

 resolution of RNC, the grading scale is necessar-
ily simpler with only three grades. Given this 
inability to discern anatomic detail, RNC is usu-
ally reserved for the monitoring of already estab-
lished VUR and to observe for resolution (spon-
taneous or postsurgical).

    In the constant pursuit to limit ionizing radia-
tion in children, multiple studies in the literature 
advocate considering ultrasound for VUR screen-
ing, especially in the screening for sibling refl ux 
[ 215 ]. To improve the “resolution” of sonographic 
detection, the use of ultrasound contrast agents 
have been developed and are currently in use in 
several European countries [ 216 – 218 ]. The con-
trast agent, however, has not been FDA approved 
and therefore is not available for clinical use in the 
United States. Contrast-enhanced voiding uro-
sonography (VUS) requires intravesical instilla-
tion of the contrast agent, via a urethral catheter, 
and specialized software to visualize it. In the lit-
erature, diagnostic accuracy has ranged from 78 to 
96 %. When compared with VCUG, the difference 
in the refl ux detection rate was not signifi cant, and 
missed cases were typically grade 1 [ 219 ]. Also, 
the dynamic nature of ultrasonography accounts 

I II III

GRADES OF REFLUX

IV V

  Fig. 14.20    International refl ux grading system. This dia-
gram shows representative images of the fi ve grades of 
refl ux as determined by voiding cystourethrogram studies. 

Please note that the grading system by radionuclide cysto-
grams is done in a scale from 1 to 3       

  Fig. 14.21    Bilateral high-grade refl ux. This VCUG 
image during voiding demonstrates right refl ux, grade 4, 
and left refl ux, grade 5       
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for the cases of VUR detected on VUS but missed 
on VCUG (usually grades 2–4), given the inter-
mittent nature of VUR [ 220 ]. Increased diagnos-
tic yield has been suggested with cyclic VCUG 
as well, but this obviously entails additional radi-
ation [ 221 ]. However, with VUS, the entire uri-
nary tract cannot be imaged all at once, as in 
VCUG, and specifi c areas have to be imaged 
sequentially. Another area of  contention is 
whether visualization and evaluation of the ure-
thra is adequate in VUS. Reports have been vari-
able in this regard, although more recent evidence 
is favorable for VUS [ 222 – 224 ]. For obvious rea-
sons, this imaging modality requires a skillful 
ultrasonographer, and currently, the procedure 
has not been standardized. As such, VCUG 
remains the fi rst-line study for urethral evalua-
tion and, consequently, as the fi rst examination 
for boys [ 225 ]. For instances of follow-up, 
screening of high-risk patients, and fi rst exami-
nation in girls, VUS appears to be a viable alter-
native where available, with the above limitations 
[ 216 ,  219 ]. 

 There are also advocates of evaluating the kid-
neys with a dimercaptosuccinic acid (DMSA) 
renal scan with a child’s fi rst febrile UTI to detect 
pyelonephritic changes and renal scarring before 
performing invasive studies such as VCUG 
[ 226 ]. Deemed the “top-down” approach, the 
idea is that if a child with her/his fi rst febrile UTI 
has a normal DMSA scan, then the likelihood 
that the child has signifi cant VUR is low which 
obviates the need for a VCUG [ 226 – 229 ]. 
Proponents of this approach aim to limit catheter-
ization in children, a procedure considered to be 
painful and invasive. However, with a skilled 
team, VCUG can be well tolerated without the 
need for sedation [ 230 ]. Disadvantages of the 
“top-down” approach include increased imaging 
cost and radiation doses (compared to VCUG/
US) [ 231 ], the need for intravenous administra-
tion of the radiotracer, variability in how DMSA 
scans are performed [ 232 ], increased length of 
the study (3–4 h), and the potential to need seda-
tion for infants [ 226 ]. A recent retrospective 
study [ 233 ] and a meta-analysis [ 234 ] reported 
low sensitivity (79 %) and specifi city (53 %) in 
detecting VUR and did not recommend DMSA 

as a replacement for VCUG after the fi rst febrile 
UTI. Other studies, including a prospective study, 
however, have reported a 96 % sensitivity, 72 % 
specifi city, 83 % positive predictive value (PPV), 
and 92 % negative predictive value (NPV) [ 229 ]. 
If DMSA is used only to detect renal infection or 
scarring without concern for VUR, the “top- 
down” approach is further supported. DMSA not 
only captures all of the patients with renal 
involvement with VUR, but also those with no 
demonstrative VUR but still at risk for further 
scarring. Therefore, patients that are missed with 
DMSA are those with VUR that is clinically 
insignifi cant, i.e., has not resulted in renal injury 
[ 228 ,  235 ,  236 ]. 

 Ultimately, there is no consensus as to whether 
a “top-down” or “bottom-up” approach should be 
used for initial imaging of VUR.  

    Treatment 

 Management options for VUR are dependent 
on its severity and the patient’s age. Eighty 
to 85 % of low-grade (grades 1–2) VUR will 
spontaneously resolve with observation. As the 
grade increases, the rate of resolution decreases, 
with 50 % of grade 3 VUR resolving and 
only 25 % or fewer resolving with grade 4–5 
(high-grade) VUR. 

 VUR is also less likely to resolve if diagnosed 
at an older age. VUR diagnosed during sibling 
screening or in the evaluation of a history of pre-
natal hydronephrosis is more likely to resolve 
and rarely require surgery. 

 The treatment options include observation, 
with or without antibiotic prophylaxis, or surgi-
cal management either via endoscopic bulking of 
the ureteral orifi ce or open ureteral reimplanta-
tion. Management is individualized based on a 
variety of factors including family preference, 
clinical variables, and ability to tolerate repeated 
invasive diagnostic testing. The use of antibiotic 
prophylaxis is controversial, and reports have 
shown benefi t and lack thereof [ 237 – 240 ]. 
Further studies are necessary to clarify this 
important question. The success rate for surgical 
correction (ureteral reimplantation) is very high 
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(100 % for low grade and 90–95 % for high 
grade), whereas success rates for endoscopic 
injection are more variable (50–94 %) among 
studies, with increasing grades of VUR nega-
tively affecting success [ 241 – 243 ]. 

 Indications for anti-refl ux surgery include 
breakthrough UTI, new renal scarring, high- 
grade VUR with evidence of scarring or renal 
compromise, associated congenital abnormalities 
of the ureterovesical junction that may affect the 
rate of resolution, failure of renal growth or wors-
ening function, persistent VUR in females at 
puberty, and noncompliance with or non- 
tolerance of medical management.      
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        Imaging of the pediatric and adolescent urethra is 
largely the purview of dynamic fl uoroscopy. 
However, recent advances have led to the use of 
ultrasound and MR imaging in an attempt to 
reduce the traditionally invasive nature of ure-
thral imaging. 

    Normal Anatomy (Fig.  15.1 ) 

    The male urethra is composed of an anterior 
segment and a posterior segment. The anterior 
urethra is distal to the urogenital diaphragm and 
includes the bulbar and pendulous (penile) ure-
thra. The posterior urethra is composed of the 
membranous (sphincteric) and prostatic ure-
thra. The one constant landmark in fl uoroscopic 
 imaging of the urethra is the verumontanum, 
which is seen as an indentation in the membra-
nous urethra. On oblique urethrogram, narrowing 
of the urethra may be seen as it traverses the uro-
genital diaphragm. The most distal aspect of the 
penile urethra is the fossa navicularis (the histo-
logic convergence of urothelium and distal squa-
mous epithelium) which is visualized as a slightly 
narrowed segment just proximal to the meatus. 

 The female urethra extends from bladder 
neck to introitus. The striated sphincter complex 
encompasses the distal two-thirds of the urethra. 
Dynamic contraction of the complex leads to 
urethral narrowing and has been mistaken for 
meatal stenosis in the past. Refl ux into the vagina 
is frequently seen after voiding on 
urethrograms. 
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    Voiding Cystourethrogram 

 The voiding cystourethrogram (VCUG) is the 
most effective method to dynamically image the 
urethra. Clinicians also use the VCUG to evalu-
ate the upper tracts in cases where vesicoureteral 
refl ux exists. A “cyclic” VCUG where the blad-
der empties multiple times is helpful to identify 
vesicoureteral refl ux (VUR) in duplicated sys-
tems. An anterior-posterior scout fl uoroscopic 
image is fi rst performed to evaluate for radi-
opaque stones and bony abnormalities, such as 
pelvic diastasis. It is our practice to use peripro-
cedural antibiotics with gram-negative coverage 
and to obtain urinalysis and urine culture in select 
children prior to imaging. 

 An appropriately sized catheter is inserted 
into the bladder through the urethra or an indwell-
ing suprapubic tube, without infl ation of the cath-
eter balloon. The bladder is drained and a urine 
culture obtained. 

 In males, the patient is placed supine with 
the penis laterally displaced for oblique images, 
while females remain supine for AP images. 
Iodinated contrast of an age and weight appro-
priate volume is instilled to opacify the bladder. 
Filling the bladder beyond predicted age and 
weight capacity may overestimate vesicoure-
teral refl ux. The child then voids while moni-
toring with intermittent fl uoroscopy. The 
voiding component evaluates the bladder neck 
for funneling and radiographic bladder empty-
ing several minutes post-void. The appearance 
of the sphincter is monitored as the bladder 
neck begins to open at the initiation of 
voiding. 

 The VCUG provides essential imaging of the 
posterior urethra. Anterior-posterior images are 
obtained to evaluate the bladder and lateral/
oblique images for the bladder neck and the ure-
thra. Close communication between dedicated 
consistent radiology and urology staff is important 

a

c

b

  Fig. 15.1    ( a ) Normal male VCUG.  A  prostatic urethra;  B  membranous urethra;  C  pendulous urethra;  D  penile urethra. 
( b ) Normal female urethra on VCUG. ( c ) Normal male RUG       
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for the best outcomes. Interobserver reliability 
may be poor, specifi cally when evaluating obstruc-
tion at the bladder neck and in the prostatic urethra 
in retrospective series [ 1 ].  

    Retrograde Urethrogram 

 The retrograde urethrogram—without voiding 
phase—is the preferred study to evaluate the 
anterior urethra, particularly in the male. For 
this study, a catheter is inserted into the fossa 
navicularis and the balloon partially infl ated and 
placed on gentle traction to occlude the distal 
urethra. With the child in the lateral decubitus 
position, contrast is gently injected with slow 
steady pressure under fl uoroscopy to overcome 
resistance of the external sphincter opacifying 
the posterior urethra as much as possible. In 
attempting to diagnose a suspected stricture to 
facilitate surgical planning, we try to opacify 
fl anking aspects of the normal urethra by rotat-
ing the child or the fl uoroscopy unit. To perform 
an adequate retrograde urethrogram in the 
shorter female urethra, a “double-balloon” cath-
eter is sometimes used in adults to occlude both 
the meatus and bladder neck; this is not com-
monly used in children.  

    Newer Modalities 

 Magnetic resonance imaging (MRI) is used more 
commonly to image the upper urinary tract in 
children. Despite the use of triple-phased contrast- 
enhanced imaging (MR urogram) for functional 
imaging of the upper urinary tracts, a regular role 
for urethral imaging is yet to be identifi ed. 

 Voiding enhanced urosonography is a newer 
imaging modality that reduces radiation expo-
sure. This technique is under active investi-
gation but has not yet been widely used [ 2 ]. 
Researchers have used it most often as an alter-
native to VCUG in children with suspected 
VUR. Nonlinear imaging techniques are used to 
differentiate anatomic structures from contrast-
enhanced bubbles (galactose-palmitic acid) in 
this technique [ 3 ]. Transperineal imaging is used 

for males with a full bladder and normal micturi-
tion. Alternatively, the transpubic approach may 
be used to diagnose males with inability to con-
trol micturition and in females to better examine 
the bladder neck. Isolated reports describe the 
use of transpubic ultrasound to identify poste-
rior urethral valves in two patients, and a dilated 
prostatic utricle and anterior urethral diverticu-
lum were also diagnosed in two patients [ 4 ]. In 
a prospective comparison of VCUG and con-
trast-enhanced ultrasonography in patients with 
suspected urethral pathology, ultrasonography 
accurately diagnosed posterior urethral valves, 
anterior valves, urethral stenosis, and detrusor 
sphincter dyssynergia in all. Two patients with 
syringocele were not identifi ed with ultrasound 
but were diagnosed with VCUG [ 5 ]. 

 While ultrasonography is useful for studying 
stricture length and depth in adults with anterior 
urethral strictures, we use it less in children. One 
study examined differences in echogenicity, 
luminal narrowing, and changes in periurethral 
tissue in non-contrast-enhanced ultrasound to 
diagnose anterior urethral stricture. The authors 
estimated the degree of urethral distention to 
determine stricture length. According to the 
authors, the use of perioperative ultrasound led to 
a change in planned surgical approach in 58 % of 
patients [ 6 ]. However, VCUG remains the study 
of choice for diagnosis of posterior urethral 
pathology.   

    Imaging of Acquired and 
Congenital Defects 

 Adequate imaging of the urethra is important 
for proper diagnosis of both acquired and con-
genital urological abnormalities. A wide range 
of congenital anomalies affects the urethra and 
requires urgent and repeated imaging. These 
include posterior urethral valves (PUV), prune 
belly syndrome, megalourethra, anterior urethral 
diverticula, anterior urethral valves, and urethral 
duplication. Acquired conditions may include 
trauma, strictures, diverticula, infections, ure-
throrrhagia, and sources of obstruction such as 
polyps or stones. 
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    Congenital Urethral Anomalies 

    Congenital Urethral Polyps 
 Congenital urethral polyps arise from the veru-
montanum. They may result in bladder outlet 
obstruction in boys. Boys may complain of dis-
comfort and straining to void. The diagnosis is 
usually made by VCUG, but polyps may be seen 
on ultrasound as well. The diagnosis is confi rmed 
and the polyp is managed with cystoscopy and 
transurethral resection [ 7 ].  

    Posterior Urethral Valves (Fig.  15.2 ) 
    PUV are the most common congenital cause of 
bladder outlet obstruction in children. A defect in 

the developing Wolffi an duct folds is thought to 
be causative, and the valves become obstructive at 
variable times after the 8th week of development 
[ 8 ]. PUV are often diagnosed before birth—with 
ultrasound, with as many as 45 % of cases identi-
fi ed in utero [ 9 ]. Findings include a distended 
bladder often with bilateral hydronephrosis and a 
variable fi nding of oligohydramnios, depending 
on the severity of the obstruction and degree of 
renal injury. Postnatal renal bladder ultrasound 
(RBUS) and VCUG confi rm the diagnosis. The 
sensitivity of RBUS in detection of valves is 95 % 
[ 10 ]. Findings of RBUS include a dilated, thick 
walled bladder often with diverticula/cellules, 
dilated upper tracts, and a dilated posterior 

a
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  Fig. 15.2    Posterior urethral valves. ( a ) PUV showing 
dilated and elongated urethra. ( b ) PUV showing dilated 
and elongated urethra and multiple bladder diverticula. 

( c ) PUV after valve ablation showing smooth transition 
across posterior urethra       
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 urethra, the “key- hole” appearance. Urethral 
catheterization is the initial treatment prompted 
either by retention and/or ultrasound imaging. 

 VCUG/RUG is performed via urethral catheter 
or suprapubic tube, if present. The voiding phase 
is critical for differentiation from other forms of 
bladder outlet obstruction. While removal of the 
urethral catheter during the voiding phase is not 
always necessary, as it does not obscure the iden-
tifi cation of the valves [ 11 ], our practice does 
remove the catheter unless contraindicated. 
Pathognomonic fi ndings include the appearance 
of the valve which may be seen as an indentation 
on lateral imaging along with a dilated and elon-
gated posterior urethra. Incomplete bladder emp-
tying is also present. VUR is present in the 
majority of cases. After valve ablation, a follow-
 up imaging study is recommended in 4–6 weeks 
to assess decompression. If the degree of dilation 
of ureters and kidneys does not improved despite 
a decompressed bladder, a repeat VCUG could be 
performed to rule out residual obstruction.  

    Prune Belly Syndrome 
 Prune belly (Fig.  15.3 ) or triad syndrome (PBS) 
describes a triad of laxity of abdominal muscula-
ture, bilateral undescended testicles, and GU tract 
abnormalities, which include hydronephrosis, 
renal dysplasia, and urethral dilation. Variations 
of PBS may occur along a spectrum of these three 
clinical characteristics—so-called pseudo-prune 
belly syndrome [ 12 ]. Urethral dilation in PBS 

may arise from one of three etiologies. The fi rst, 
urethral obstruction, occurs early in gestation and 
is believed to occur in 20 % of cases, from urethral 
atresia, urethral valves, or urethral diverticulum. 
Alternatively, the urethral dilation may be related 
to a functional abnormality of bladder emptying 
without obstruction. In the absence of an obstruc-
tive lesion, the dilation may result from prostatic 
hypoplasia. VCUG in PBS shows tapering of the 
dilated posterior urethra to the membranous ure-
thra. A prostatic utricle is often present [ 13 ,  14 ].

       Congenital Anterior Urethral 
Obstruction 
 At least 260 reports have described cases of con-
genital anterior urethral obstruction, either con-
genital anterior urethral diverticula or anterior 
valves. Astute clinicians will suspect diverticula 
in boys with ventral penile swelling, post-void 
dribbling, dysuria, and recurrent urinary tract 
infection. When the diverticulum fi lls during 
voiding, it may progress to obstruction. Two 
forms of diverticula have been identifi ed—saccu-
lar (Fig.  15.4 ) and globular. Diverticula are 
 differentiated radiographically from congenital 

  Fig. 15.3    Prune belly with wide open bladder neck, 
dilated but short posterior urethra       

  Fig. 15.4    Image from a VCUG of a boy with a saccular 
anterior urethral diverticulum. The bladder ( B ) is nearly 
empty, and contrast is seen in the posterior urethra and 
then fi lling the diverticulum ( D )       
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anterior valves by the presence of an acute angle 
between the proximal parts of the dilated urethra, 
which is not present with valves [ 15 ]. Iatrogenic 
anterior urethral diverticula may also develop 
after hypospadias repair due to distal obstruction 
and after repair of anorectal malformation if the 
rectourethral fi stula is not trimmed close to the 
urethra. Diagnosis is made by VCUG/RUG.

   Anterior urethral valves are a rare, obstructing 
condition of unclear embryologic origin. The 
valves originate close to the penoscrotal junction 
or bulbar urethra. They arise from the ventral 
portion of the urethra and obstruct urine fl ow dur-
ing voiding. Many believe that valves are part of 
the spectrum of congenital urethral diverticula. 
Indeed, valves may develop into diverticula sec-
ondary to outfl ow obstruction. However, patho-
logic fi ndings indicate that congenital valves are 
always bordered by the corpus spongiosum and 
true congenital urethral diverticula develop out-
side the corpus spongiosum [ 16 ]. The gold- 
standard diagnostic study remains VCUG/RUG; 
however, contrast-enhanced ultrasonography has 
been used to make this diagnosis.  

   Urethral Duplication (Fig.  15.5 ) 
    Urethral duplication more commonly occurs in 
the sagittal axis rather than the coronal according 
the aggregate of case reports. The duplication 
develops from misalignment of the cloacal 

 membrane, the genital tubercle, and the urogeni-
tal sinus. Dorsal duplication may occur with a 
single normal meatus, dorsal penile curvature, 
and a second epispadiac meatus. The dorsal ure-
thra may communicate with the more normal, 
ventral urethra. Ventral duplicated urethra, which 
is less common is also known as “Y-type duplica-
tion,” splits at the prostatic urethra. The dupli-
cated ventral urethra may track to the rectum or 
perineum [ 17 ]. Urethral duplication is most eas-
ily diagnosed with VCUG/RUG. In some cases, 
additional retrograde urethrogram of a small, 
accessory urethra is necessary to fully image the 
aberrant duplicated urethra.  

   Cowper’s Syringocele (Fig.  15.6 ) 
    Cowper’s syringocele is a condition resulting 
from a rare, cystic dilation of Cowper’s duct. The 
Cowper’s glands are located in the deep peri-
neal pouch within the urogenital diaphragm and 
are involved in secretion of pre-ejaculate fl uid. 
Cowper’s syringocele may be open to the urethra 
or closed. Either may present with pain. Closed 
syringocele may also present with obstructive 
voiding symptoms due to passive expansion and 
mass effect. Open syringocele may present with 
post-void dribbling, urethral discharge, and recur-
rent urinary tract infection. It may also obstruct 

  Fig. 15.5    Urethral duplication. The ventral urethra is of 
normal caliber while the dorsal one is narrow but does 
emanate from the bladder and terminate on the glans penis       

  Fig. 15.6    Cowper’s syringoceles. They are oblong 
contrast- fi lled spaces running parallel to the urethra start-
ing from the bulbous urethra       
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urethral fl ow in some cases. Either transrectal or 
transperineal ultrasound may reveal a cystic struc-
ture (closed) or, in one case report, an open syrin-
gocele [ 18 ]. Retrograde urethrogram or VCUG 
will aid diagnosis. Cystoscopy with careful atten-
tion to the proximal bulbar urethra is diagnostic.  

   Congenital Megalourethra (Fig.  15.7 ) 
    Megalourethra is a congenital, non-obstructive 
dilation of the anterior urethra. It presents with an 
enlarged, deformed phallus with distention dur-
ing voiding. It is more commonly seen in patients 
with PBS than in other syndromes. Two forms 
are recognized: fusiform and scaphoid. Fusiform 
megalourethra is secondary to a defi ciency of the 
corpus cavernosum. On VCUG, the entire urethra 
dilates with voiding. Scaphoid megalourethra is 
caused by a defi ciency of the corpus spongiosum. 
Only the ventral urethra dilates with voiding in 
these cases. Catheterization of these patients may 
be diffi cult and may require urethroscopy.  

   Urethral Fistula 
 Urethral-enteric fi stulae may develop secondary 
to congenital anorectal malformations. Eighty 

percent of boys with anorectal malformations 
have uro-enteric fi stula, most often associated 
with imperforate anus. An initial VCUG/RUG as 
a screening test is diagnostic [ 19 ]. Alternatively, 
MR imaging in the initial evaluation may provide 
a noninvasive alternative [ 20 ]. However, diagno-
sis of the fi stula is often made in the operating 
room during colostomy creation or distal colosto-
gram performed prior to defi nitive pull-through 
procedure. Congenital urethral cutaneous fi stula 
is extremely rare. They may be associated with 
penile curvature or hypospadias. We have seen at 
least two of these associated with anorectal 
anomalies. One case report cites a congenital 
urethro-perineal cutaneous fi stula in a 12-year- 
old male [ 21 ]. The appearance of the VCUG/
RUG appears similar to urethral duplication; 
however, the dorsal channel is invariably func-
tional. Clinically, boys with congenital fi stulae 
may present with recurrent UTI, pneumaturia, or 
perineal dribbling.  

   Urethral Trauma (Fig.  15.8 ) 
 Urethral trauma is far more common in males 
than in females but can be devastating in both. 

a
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  Fig. 15.7    Scaphoid ( a ) and fusiform ( b ) megalourethrae 
are seen demonstrating the billowing out of the urethra 
during voiding. The entire urethra is affected in the fusi-

form type while only a segment of the urethra is affected 
in the scaphoid type.  B  bladder;  F  megalourethra       
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Male urethral trauma has been divided into ante-
rior and posterior disruption [ 22 ] and has been 
subclassifi ed within these groups based on the 
injury extent seen on RUG. In pediatrics, the 
most common source of trauma is blunt pelvic 
trauma causing posterior urethral injury from 
pelvic fracture (still a rare event occurring in only 
0.47–4.2 % of pelvic fractures and pelvic frac-
tures have an incidence of only 2.4–4.6 %). 
Because the developing prostate is more prone to 
rupture than in adults and due to the relative 
intra-abdominal location of the bladder in chil-
dren, blunt pelvic trauma poses an increased risk 
to the bladder neck and penopubic ligaments 
[ 23 ,  24 ]. Anterior urethral disruptions due to 
straddle injuries have an incidence of 0.6–10 % 
[ 25 ]. Radiologic grading of male urethral injuries 
varies by the location of injury. 

 In boys, the initial imaging in the trauma set-
ting remains a RUG; however, caution is war-
ranted because imaging that indicates a complete 
disruption does not rule out a partial tear [ 26 ] 
(Fig.  15.8 ). Opacifi cation of a periurethral uri-
noma proximal to urethral defect may be mistaken 
for the lumen of the posterior urethra after a com-
plete disruption injury. The use of several oblique 
angles during urethrography may avoid this misin-

terpretation. In girls, due to the limitations of a 
RUG in the shorter urethra, a cystoscopy and vag-
inoscopy is superior to any radiographic imaging 
and is indicated if clinical suspicion is present.

      Urethral Strictures (Fig.  15.9 ) 
    Urethral strictures may be due to infection (espe-
cially C. trachomatis in adolescent males and 
gonococcal urethritis, which can be seen at any 
age), iatrogenic injury such as instrumentation, 
or trauma [ 27 ]. The gold standard for imaging 
strictures is a RUG/VCUG. However, in chil-
dren, the combination of RUG/VCUG is not as 
accurate in assessing the length of a defect. This 
is due to an inability to opacify the posterior ure-
thra due to an inability to relax the sphincter [ 8 ]. 
A static cystogram performed via an indwelling 
suprapubic tube that shows opacifi cation of the 
posterior urethra may indicate the presence of 
an incompetent bladder neck. Overestimation or 
underestimation of the defect may lead to a sub-
optimal surgical approach between the options of 
transpubic or perineal [ 9 ]. 

 Sonourethrography, with sterile lubricating 
jelly instilled retrograde has become a common 
adjunct to RUG in order to guide treatment plan-
ning and help estimate length of stricture. While 
MR urethrography has been evaluated in adults 
for stricture disease, it has still not been widely 
accepted. In adults, comparisons have indicated 
equal or better accuracy compared with RUG, 
with improved anatomic detail of associated soft 
tissue injury provided [ 28 ,  29 ]. 

 Postoperative strictures from hypospadias 
repairs are often evaluated functionally rather 
than by a specifi c appearance, so there are fewer 
data on the optimal imaging in this setting. At our 
institution, children are evaluated with noninva-
sive urine fl ow when they present with complaint 
of diffi culty voiding. If there is diminished fl ow, 
we consider RUG and more commonly surgical 
exploration and reconstruction. 

 While rarer in young boys than adults, lichen 
sclerosis (LS) may contribute to stricture forma-
tion. LS causes genital scarring with possible 
voiding and sexual consequences [ 30 ]. The inci-
dence is confused by a historical failure to iden-
tify and diagnose this condition. LS can lead to 

  Fig. 15.8    RUG showing complete disruption of poste-
rior urethra       
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true  stricture formation in 2–40 % of cases. LS 
may also develop after failed hypospadias repair 
with distal urethral obstruction and can progress 
to cause severe pan-urethral stricture disease. 
Notable fi ndings include development of squa-
mous metaplasia involving the ducts of periure-
thral glands that stiffen and open. RUG/VCUG is 
used to evaluate the urethra and may even dem-
onstrate these open periurethral glands [ 31 ]. 

 The myriad of pediatric urethral conditions 
may be effectively diagnosed with a RUG and 
VCUG. Newer technologies have at times been 
found to be equally effective but have yet to 
achieve the proliferation and practiced results of 
the traditional fl uoroscopic urethrography. 
Facility with these techniques and their interpre-
tation is essential for any pediatric urologist.       
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     Abbreviations 

   ACTH    Adrenocorticotropic hormone   
  AIDS    Acquired immunodefi ciency syndrome   
  CAH    Congenital adrenal hyperplasia   
  CT    Computed tomography   
  DOPA    Dihydroxyphenylalanine   
  EBV    Epstein-Barr virus   
  FDG    Fluorodeoxyglucose   
  HVA    Homovanillic acid   
  INSS     International Neuroblastoma Staging 

System   
  MDP    Methylene diphosphonate   
  MEN    Multiple endocrine neoplasia   
  MIBG    Metaiodobenzylguanidine   

  MR    Magnetic resonance imaging   
  17-OHP    17-hydroxyprogesterone   
  PET    Positron emission tomography   
  US    Ultrasonography   
  VIP    Vasoactive intestinal peptide   
  VMA    Vanillylmandelic acid   

          Normal Anatomy, Physiology, 
and Embryology 

 The adrenal glands are paired retroperitoneal 
organs consisting of an outer cortex derived from 
the intermediate mesoderm of the urogenital ridge 
and an inner medulla derived from neural crest 
cells [ 1 ]. The crescent-shaped left adrenal gland 
is located anteromedially to the superior pole of 
the left kidney and lateral to the aorta [ 1 ]. The 
triangular right adrenal gland is located on the 
superior pole of the right kidney slightly behind 
the inferior vena cava [ 1 ]. Three separate arteries 
supply the adrenal glands: superior adrenal artery 
(originates from the inferior phrenic artery), mid-
dle adrenal artery (originates from the aorta at the 
level of the celiac plexus), and inferior adrenal 
artery (originates from the main renal artery) [ 1 ]. 
One adrenal vein drains each adrenal gland: the 
right adrenal vein drains directly into the inferior 
vena cava, and the left adrenal vein drains into 
the left renal vein; however, variants in adrenal 
vein drainage have been described [ 1 ,  2 ]. 

 The cortex of the adrenal gland is composed 
of three zones: the outermost zona glomerulosa 
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which produces mineralocorticoids (primar-
ily aldosterone), the middle zona fasciculata 
which produces glucocorticoids (such as corti-
sol), and the innermost zona reticularis which 
produces sex steroids (such as adrenal andro-
gens and estrogens) [ 3 ]. Hormone synthesis 
from the adrenal cortex is controlled by the 
hypothalamic-pituitary- adrenal axis via cortico-
trophin-releasing hormone (from the hypothala-
mus) and adrenocorticotropic hormone (ACTH, 
from the pituitary) [ 3 ]. The adrenal medulla, 
which encompasses less than 10 % of adrenal 
mass, releases catecholamines (epinephrine, nor-
epinephrine, and dopamine) as part of the auto-
nomic nervous system [ 4 ]. 

 At birth, the fetal adrenal gland is twice the 
weight of an adult adrenal gland and about one- 
third the size of the kidney due to the presence of 
the fetal adrenal cortex, which initially composes 
80 % of the adrenal gland mass [ 3 ,  5 ]. The adre-
nal gland’s large size at birth makes them easily 
visualized by ultrasonography (US) during the 
neonatal period [ 1 ,  3 ]. Atrophy of the fetal cortex 
begins after birth and is resorbed completely by 
12 months of age [ 3 ,  6 ]. During this time, the 
zona glomerulosa and fasciculata of the adult 
adrenal cortex begin to develop; however, the 
zona reticularis does not completely differentiate 
until 3 years of age [ 7 ,  8 ].  

    General Concepts of Normal 
Adrenal Imaging 

 As early as the second trimester of pregnancy, 
the adrenal glands can be visualized by antenatal 
US. Given the relatively large size of the neonatal 
adrenal gland due to the presence of fetal adrenal 
cortex, US can easily visualize the adrenal glands 
during the neonatal period [ 1 ]. After the fetal 
cortex has involuted, US cannot reliably discern 
anatomic details of the adrenal glands. Thus, com-
puted tomography (CT) and magnetic resonance 
imaging (MR) are best employed for imaging the 
adrenal glands in children and older infants [ 1 ]. 

 On US, the normal appearance of the adrenal 
gland is two separate zones of echogenicity: a 
core consisting of a thin, central hyperechoic 
stripe (representing the central veins, the connec-
tive tissue, and the relatively small neonatal 
medulla) and a surrounding rim of thicker 
hypoechoic tissue (representing the fetal and 
peripheral adult adrenal cortex) (Fig.  16.1 ) [ 5 ]. In 
some neonates, the thin, central hyperechoic core 
is replaced by a broader band of echogenicity, 
likely representing congested sinusoids resulting 
from hemorrhagic necrosis of the involuting fetal 
adrenal cortex in addition to the neonatal medulla 
and central veins [ 5 ]. The surface of a normal 
neonatal adrenal gland is smooth to slightly 

a b

  Fig. 16.1    Normal infant adrenal gland – US .  Longitudinal 
ultrasound image of the right adrenal gland ( a ) and trans-
verse ultrasound image of the left adrenal gland ( b ) 
in a 2-month-old girl illustrate the normal appearance 

( arrows ) with hypoechoic adrenal cortex surrounding 
the central echogenic adrenal medulla creating an “Oreo 
cookie” appearance       
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undulating, without nodular protuberances [ 3 ,  5 ]. 
In normal adrenal glands, limbs should be uni-
form in length, and their width should be less 
than 4 mm [ 5 ,  9 ]. The adult appearance of the 
adrenal gland is formed between 1 and 3 years of 
age, and they may be seen as very thin, linear, 
hypoechoic structures isoechoic to the liver [ 10 ].

   The adrenal glands can be visualized antero-
medial to the upper pole of the ipsilateral kidney 
at all ages on both CT and MR [ 1 ]. The right adre-
nal gland lies medial to the right lobe of the liver, 
lateral to the right crus of the diaphragm, and pos-
terior to the inferior vena cava [ 1 ]. The left adrenal 
gland lies medial to the spleen, lateral to the aorta 
and left crus of the diaphragm, and posterior to the 
pancreatic tail and stomach [ 1 ]. To estimate nor-
mal adrenal size, the adrenal glands should be 
thinner than the adjacent diaphragmatic crura on 
axial images [ 1 ]. CT and MR can similarly dem-
onstrate detailed information on adrenal anatomy; 
though, in determining the modality of choice, 
their respective risks and benefi ts should be con-
sidered (e.g., radiation exposure from CT and the 
risk of sedation during MR). On CT, the adrenal 

gland’s soft tissue attenuation is similar to the 
liver (Fig.  16.2 ) [ 11 ]. For MR, on spin-echo 
T1-weighted images, adrenal glands have inter-
mediate signal intensity (less than fat and similar 
to the liver); on T2-weighted and fat-suppressed 
images, adrenal glands are much brighter than fat 
and slightly brighter than the liver (Fig.  16.3 ) [ 11 ].

        Anomalies of Shape and Position 
of the Adrenal Gland 

 As adrenal development and renal development 
are separate processes, adrenal glands will 
develop in their normal position within the retro-
peritoneum despite ipsilateral renal agenesis, 
malrotation, or ectopia [ 12 ]. However, in these 
cases, they are often fl attened or discoid in shape, 
as well as slightly longer and thicker (referred to 
as a “straight adrenal gland”) (Fig.  16.4 ) [ 5 ,  6 , 
 11 ,  13 ]. This straight adrenal gland is not seen 
after nephrectomy or acquired renal atrophy [ 5 ].

   Anomalies of the adrenal glands are exceedingly 
rare. The two most common fusion anomalies are 

a b

  Fig. 16.2    Normal adrenal gland – CT .  Axial contrast-
enhanced CT image in a 12-year-old girl ( a ) and coronal 
contrast- enhanced CT image in a 14-year-old boy ( b ) 

show normal size and appearance of the adrenal glands 
( arrows ) which are isodense to the liver       
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the circumrenal adrenal and the horseshoe adrenal 
[ 3 ,  14 ]. In the circumrenal adrenal, the fused limbs 
fuse around the upper pole of the ipsilateral kidney 
[ 3 ,  14 ]. Horseshoe adrenal describes fusion of the 
right and left adrenal glands in the midline anterior 
to the spine and posterior to the aorta [ 3 ,  14 ]. 
Horseshoe adrenals are often associated with renal 
anomalies (horseshoe kidney, renal agenesis), cen-
tral nervous system anomalies such as neural tube 
defects, and asplenia with visceral heterotaxy [ 3 , 
 14 ]. The isthmus of the horseshoe adrenal usually 

passes posterior to the aorta, but in association with 
asplenia the isthmus passes anterior [ 14 ]. 

 Adrenal rests, or accessory adrenal glands, are 
mainly composed of cortical tissue, with the 
occasional presence of medullary tissue. They 
can be found anywhere along the path of gonadal 
descent in the retroperitoneum. Most commonly 
they are located near the celiac plexus, but can 
also be seen along the course of the gonadal veins 
and within the broad ligament, ovary, inguinal 
canal, testes, and epididymis [ 3 ]. Adrenal rests 

a b

  Fig. 16.3    Normal adrenal gland  –  MR .  MR images in a 
13-year-old boy reveal normal adrenal gland. On sagittal 
T1 images ( a ) the adrenal gland ( arrows ) is intermediate 

signal intensity similar to the liver. On axial T2 fat-sup-
pressed images ( b ) the right adrenal gland ( arrow ) is inter-
mediate signal intensity and brighter than the adjacent liver       

bowel

  Fig. 16.4    Renal agenesis .  
Longitudinal ultrasound 
image of the left upper 
quadrant in a neonate with 
left renal agenesis. Bowel 
loops fi ll the left renal fossa 
with a straight, discoid left 
adrenal gland ( arrows ) seen       
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typically atrophy with time; therefore, although 
they can be found in up to 50 % of neonates, they 
are found in only 1 % of adults [ 7 ]. Males with 
congenital adrenal hyperplasia have a high preva-
lence of persistent adrenal rests in the testes [ 15 ].  

    Anomalies of Size of the Adrenal Gland 

    Congenital Adrenal Hyperplasia 

 Congenital adrenal hyperplasia (CAH) is collection 
of autosomal recessive disorders  characterized by 
low cortisol production, potential aldosterone defi -
ciency, and androgen excess due to an enzymatic 
defect in the cholesterol-steroid biosynthesis path-
way [ 5 ]. Over 95 % of cases are due to a defi ciency 
in the enzyme 21-hydroxylase [ 5 ]. Androgen excess 
leads to virilized genitalia in female infants and 
early virilization in male infants [ 11 ]. In the most 
severe form, concomitant aldosterone  defi ciency 
leads a salt-losing crisis in either sex during the 

newborn period [ 5 ]. Diagnosis can be made by a 
very high concentration of 17-hydroxyprogesterone 
(17-OHP) after three days of life [ 16 ]. 

 Most neonates with CAH have enlargement 
of the adrenal glands with a width measurement 
of >4 mm and a length measurement of >20 mm 
[ 17 ]. Additional signs which may be seen on US 
include a cerebriform appearance of the surface 
of the adrenal gland and a stippled central adre-
nal echogenicity [ 18 ,  19 ]. In a series by Al-Alwan 
et al., US in the immediate neonatal period had 
a sensitivity of 92 % and a specifi city of 100 % 
for the diagnosis of CAH and may be employed 
before conclusive 17-OHP levels are available 
[ 18 ]. Diagnosis of CAH can be made by the dem-
onstration of two of three sonographic signs: (1) 
adrenal limb width of >4 mm, (2) cerebriform or 
crenated appearance of the surface of the adrenal 
gland, and (3) replacement of the central hyper-
echoic stripe with a diffusely stippled pattern of 
echogenicity or a diffuse thickened band of echo-
genicity (Fig.  16.5 ) [ 18 ].

kidney

a b

c d

  Fig. 16.5    Congenital adrenal hyperplasia .  Retroperitoneal 
ultrasound images from both fl anks ( a – d ) performed on a 
newborn girl with ambiguous genitalia due to congenital 

adrenal hyperplasia reveal enlarged adrenal glands with a 
cerebriform contour ( arrows )       
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   Case reports suggest that CAH due to defi -
ciencies in 11β-hydroxylase or 3β-hydroxysteroid 
dehydrogenase leads to similar changes on adre-
nal US [ 20 ]. Lipoid adrenal hyperplasia is a rare 
form of CAH due to cholesterol desmolase defi -
ciency, and adrenal glands appear enlarged with 
echogenicity or attenuation similar to fat due to 
accumulation of cholesterol and its esters [ 21 ].  

    Adrenal Hyperplasia 

 When adrenocortical hyperplasia presents in 
older children, it is classifi ed as primary or 
secondary [ 1 ]. Primary adrenocortical hyper-
plasia results in either Cushing syndrome or, 
less commonly, primary hyperaldosteronism 
(Conn syndrome) [ 1 ]. Secondary adrenocorti-
cal hyperplasia is due to excess ACTH: either 
endogenous in those with Cushing disease or 
ectopic ACTH production or exogenous in those 
receiving ACTH administration (e.g., for infan-
tile spasms) [ 1 ]. Clinical features of Cushing 
syndrome include central obesity, moon facies, 
buffalo hump, proximal muscle weakness, easy 
bruisability, abdominal striae, hypertension, 
dyslipidemia, insulin resistance, and elevated 
24-h urinary cortisol and 17-hydroxycorticoids 

[ 22 ]. Clinical manifestations of Conn syndrome 
include muscle weakness, hypokalemia, and 
hypertension [ 23 ]. 

 Adrenal glands are not normally visible by US 
in older children; therefore, if they are visible, the 
diagnosis of adrenal hyperplasia should be enter-
tained [ 1 ]. CT and MR may be used to visualize 
the adrenals in older children with adrenal hyper-
plasia. Hyperplastic adrenal glands in these cases 
will be bilaterally, symmetrically, and evenly 
enlarged with increased relative enhancement 
[ 1 ]. Alternatively, in some cases of adrenal hyper-
plasia, adrenal glands may be normal in size, 
demonstrate uneven enlargement, or contain 
small nodular areas (Fig.  16.6 ) [ 1 ].

   Cushing syndrome and Conn syndrome can 
also be associated with adrenal adenomas. 
Benign adrenal adenomas cannot be reliably dis-
tinguished from adrenal carcinomas based on 
histopathology, clinical features, or imaging [ 24 ]. 
However, in general, adrenal adenomas are 
smaller (<6 cm) compared to adrenal carcinoma 
and have less heterogeneity on US, CT, and MR. 
Adrenal carcinomas can have a similar appear-
ance to adrenal adenomas, but tend to be larger 
and more complex [ 24 ]. The only defi nitive signs 
of malignancy are hematogenous metastases or 
venous spread [ 24 ]. 

left
kidney

right
kidney

a b

  Fig. 16.6    Atypical congenital hyperplasia .  US images from the left fl ank ( a ) reveal an enlarged adrenal gland with a 
cerebriform contour ( arrows ) and an anatomically normal-appearing adrenal gland from the right fl ank ( b )       
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 Primary pigmented nodular adrenocortical 
disease is a rare form of Cushing syndrome and is 
associated with Carney complex (Sertoli cell 
tumors of the testis, cardiac myxomas, soft tissue 
myxomas, and skin pigmentation) [ 25 ]. On imag-
ing, the adrenal gland has multiple, <2 mm 
cortical- secreting adenomas with atrophic cortex 
between the nodules [ 25 ].  

    Wolman Disease 

 Wolman disease, a rare disorder, is an inherited 
defi ciency of lysosomal acid lipase leading to 
the accumulation of cholesterol esters and tri-
glycerides in many organs, especially in the 
adrenals [ 3 ]. Wolman disease presents in the 
fi rst few weeks of life with hepatosplenomegaly 
with abdominal distension, jaundice, vomiting, 
diarrhea, steatorrhea, anemia, and growth failure 
and is rapidly progressive leading to death in the 
fi rst year [ 3 ,  5 ]. On US, the adrenals appear 
markedly enlarged with calcifi cations appearing 
as a long, linear echogenic band with posterior 
acoustic shadowing [ 5 ]. On CT, the adrenals 
also appear enlarged with a cortical distribution 
of calcifi cation [ 5 ]. Plain fi lm will also demon-
strate the densely calcifi ed adrenal gland 
(Fig.  16.7 ) [ 5 ]. Imaging of adrenals in Wolman 
disease can look similar to resolving adrenal 

hemorrhage; however, in adrenal hemorrhage 
the adrenals are smaller and have globular calci-
fi cations [ 5 ,  26 ,  27 ].

        Adrenal Masses 

 Adrenal masses in children and neonates may be 
attributable to hemorrhage, neoplasms, cysts, or 
abscesses [ 5 ]. The age and clinical presentation 
of the child, in conjunction with the imaging fea-
tures of the mass, will allow one to develop an 
appropriate list of diagnostic considerations. 

 In the neonate with an adrenal mass lesion, the 
most likely entities include adrenal hemorrhage, 
neuroblastoma, and rarely extralobar pulmonary 
sequestration. In children less than 5 years of age, 
neural crest tumors including neuroblastoma and 
ganglioneuroblastoma are more likely than adrenal 
hemorrhage and adrenocortical neoplasms except 
when the child is exhibiting signs and symptoms of 
a hormonally active tumor. In older children and 
adolescents, adrenal masses may be related to neu-
ral crest tumors (more frequently the mature gan-
glioneuromas as opposed to neuroblastoma or 
ganglioneuroblastoma), as well as other tumors 
including pheochromocytomas and adrenocortical 
neoplasms. Other rarely seen adrenal masses in 
children include rhabdoid tumors, myelolipomas, 
and smooth muscle adrenal tumors [ 28 ]. 

  Fig. 16.7    Wolman disease .  
Abdominal radiograph in a 
6-month-old boy reveals 
calcifi cations outlining the 
enlarged adrenal glands, 
fi ndings typical of Wolman 
disease       
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    Adrenal Hemorrhage 

 Adrenal hemorrhage in the perinatal period can 
occur in response to perinatal stress (such as dif-
fi cult or traumatic delivery, hypoxia, or sepsis) 
or bleeding disorders [ 29 ]. Large babies such 
as those of diabetic mothers or with Beckwith- 
Wiedemann syndrome have a higher predisposi-
tion [ 30 ]. Associated clinical signs may include 
palpable fl ank mass, anemia, jaundice, or rarely 
hypovolemic shock. However, there is normally 
no associated adrenal insuffi ciency in the imme-
diate phase or long-term as the major insult is to 
the regressing fetal cortex [ 5 ]. Beyond the neo-
natal period, adrenal hemorrhage is frequently 
seen in the setting of trauma but has also been 
documented to occur in older children with over-
whelming sepsis (specifi cally  Neisseria menin-
gitidis ), steroid therapy, anticoagulation therapy, 
and after liver transplantation [ 5 ,  11 ]. 

 Adrenal hemorrhage more often occurs on the 
right (70 %), and in only 10 % of cases does it 
occur bilaterally [ 5 ]. Hemorrhage size can vary 
from as small as a few centimeters and up to sev-
eral centimeters [ 5 ]. With conservative manage-
ment, the natural course of adrenal hemorrhage is 
central liquefaction with resorption of blood 
leading to eventual decrease in size to the normal 
shape and a residual focus of calcifi cation [ 5 ]. 

 US is the modality of choice for initial imaging 
of adrenal masses in neonates as well as for fol-
low-up assessment [ 31 ,  32 ]. On initial US, adrenal 
hemorrhages have a varied appearance depending 
on the duration of the hemorrhage. They usually 
have complex echogenicity with echogenic and 
echo-free areas but can also appear evenly echo-
genic, hypoechoic, or anechoic [ 5 ]. Smaller hem-
orrhages may be focal or retain the shape of the 
adrenal (triangular or crescent- shaped), and adja-
cent normal adrenal tissue can be identifi ed. 
Larger adrenal hemorrhages are usually round in 
shape, and normal unaffected adrenal tissue can 
be hard to identify (Figs.  16.8a, b ) [ 5 ]. Large hem-
orrhages may encompass the upper pole of the 
kidney (with the appearance of a perinephric hem-
orrhage) and may track down the retroperitoneum. 
Clinically, this can lead to scrotal swelling and 
hematoma, which may mimic testicular torsion 

[ 5 ,  33 ]. Occasionally, there may be associated 
ipsilateral renal vein thrombosis, especially on the 
left since the adrenal vein drains into the left renal 
vein [ 5 ]. To help differentiate adrenal hemorrhage 
(which is avascular) from neuroblastoma or other 
adrenal neoplasms, evaluation with color and 
spectral Doppler assessment should be performed 
(Fig.  16.8c ). Additionally, ultrasound examina-
tion should include evaluation of the liver to assess 
for the presence of hepatic metastases and evalua-
tion of the remainder of the abdomen and pelvis to 
look for metastatic lymphadenopathy, which can 
be seen in association with adrenal tumors.

   Because of the varied imaging characteristics 
of adrenal hemorrhage in the acute phase, it may 
be diffi cult initially to distinguish from neuro-
blastoma [ 34 ,  35 ]. Thus, follow-up US imaging is 
of utmost importance in differentiating a resolv-
ing adrenal hemorrhage from a neuroblastoma. 
Masses due to adrenal hemorrhage decrease in 
size over several weeks as the hemorrhage lique-
fi es and resorbs and become more hypoechoic or 
anechoic (Fig.  16.9 ) [ 36 ], whereas in contrast, the 
size of a neuroblastoma is unlikely to decrease. 
In cases where the diagnosis is uncertain, a short 
delay with serial US imaging is not harmful as 
neonatal neuroblastoma has a relatively good 
prognosis [ 11 ].

   In some instances adrenal calcifi cation may be 
incidentally seen on imaging (plain fi lm, CT, 
MR) on older children. If the calcifi cation is con-
fi ned to adrenals of normal size and without evi-
dence for a soft tissue mass, it is assumed to have 
resulted from previous adrenal hemorrhage in the 
neonatal period and is of no clinical signifi cance 
(Fig.  16.10 ) [ 5 ].

   In neonates with a suprarenal retroperito-
neal mass, the possibility of an intra-abdominal 
extralobar pulmonary sequestration must also be 
considered in addition to adrenal hemorrhage and 
neuroblastoma [ 3 ]. Intra-abdominal extralobar 
pulmonary sequestrations occur more commonly 
on the left than the right, are usually hyper-
echoic, and can contain cysts related to coexis-
tent congenital pulmonary airway malformation 
(Fig.  16.11 ) [ 28 ,  37 ]. As imaging with US, CT, 
and MR is rarely diagnostic, surgical diagnosis 
and treatment is often necessary [ 38 ].
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  Fig. 16.8    Adrenal hemorrhage .  Longitudinal ( a ) and trans-
verse ( b ) ultrasound images in a 2-week-old boy with right 
adrenal hemorrhage reveal a rounded heterogeneously 

hypoechoic right adrenal mass ( arrow ). Color Doppler ultra-
sound image ( c ) shows that the right adrenal mass is avascu-
lar ( arrows ) and suggestive of an adrenal hemorrhage       

a b

  Fig. 16.9    Resolving adrenal hemorrhage .  Follow-up lon-
gitudinal ( a ) and transverse ( b ) ultrasound images (obtained 
2 weeks after the images shown in Fig.  16.8 ) reveal 

 diminution in the size of the right adrenal gland ( arrows ) 
and increased peripheral echogenicity (likely early calcifi -
cation) consistent with a resolving adrenal hemorrhage       
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       Medullary Neoplasms 

 Medullary adrenal neoplasms include the neuro-
blastoma, ganglioneuroblastoma, ganglioneu-
roma, and pheochromocytoma. These can occur 
within the medulla of the adrenal gland but also 
along the sympathetic nervous chain [ 1 ]. 

    Neuroblastoma 
 Neuroblastoma, ganglioneuroblastoma, and gan-
glioneuroma are tumors which arise from the neural 
crest cells of the sympathetic nervous system [ 39 ]. 

Neuroblastomas are malignant tumors composed 
of immature neuroblasts. Ganglioneuroblastomas 
are composed of both immature and mature cells 
and have malignant potential. Ganglioneuromas 
composed entirely of mature gangliocytes and 
mature stroma are benign [ 39 ]. 

 Neuroblastoma represents 8–10 % of all child-
hood cancers making it the most common extra-
cranial solid tumor of childhood [ 39 – 41 ]. The 
median age of neuroblastoma diagnosis is 
19 months, most present between 1 and 5 years of 
age [ 3 ]. Most primary tumors are in the abdomen 
(65 %), although children have a higher fre-
quency of adrenal tumors than infants (40 % vs. 
25 %). The remaining abdominal and pelvic 
tumors mostly originate in the paravertebral sym-
pathetic ganglia or in the presacral area from the 
organ of Zuckerkandl [ 3 ]. 

 Most children present with abdominal pain 
or a palpable mass, but others are identifi ed by 
manifestations of their metastatic disease, as up 
to 70 % of patients have metastases at presen-
tation [ 3 ]. Patterns of metastases vary with age 
at presentation, and locations can include lymph 
nodes, liver, skeleton, bone marrow, and skin [ 3 ]. 
Neonates and younger infants more commonly 
have cutaneous lesions (blueberry muffi n syn-
drome) and extensive hepatic involvement (how-
ever, hepatic metastases can occur at any age), 
whereas older infants and children more com-
monly have skeletal metastases [ 3 ]. Additionally, 
patients may present with paraneoplastic syn-
dromes. Serum or urinary levels of catechol-
amines or their metabolites (vanillylmandelic 
acid (VMA), homovanillic acid (HVA)) are 
increased in 90 % of children with neuroblas-
toma [ 42 ]; however, secretion of catecholamines 
rarely leads to symptoms such as those seen in 
pheochromocytoma: paroxysmal hypertension, 
palpitations, fl ushing, and headaches. Secretion 
of catecholamines or vasoactive intestinal pep-
tide (VIP) may lead to severe watery diarrhea, 
hypokalemia, and acidosis [ 43 ]. Additionally, 
one can present with acute myoclonic encepha-
lopathy comprised of myoclonus, opsoclonus 
(rapid multidirectional eye movements), and 
cerebellar ataxia; this is thought to be due to an 
immune response to the primary tumor lead-
ing to production of anti-neural antibodies that 
cross- react with cerebellar tissue [ 44 ]. 

a

b

  Fig. 16.10    Old adrenal hemorrhage .  Axial ( a ) and coro-
nal ( b ) contrast-enhanced CT images of the abdomen in a 
10-year-old boy reveal a small focus of calcifi cation in the 
right adrenal gland ( arrows ) with no associated soft tissue 
mass, presumed the sequela of prior adrenal hemorrhage       
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 The prognosis of neuroblastoma is related to 
age, stage at presentation (see Table  16.1 ), and 
tumor site [ 1 ]. According to the International 

Neuroblastoma Staging System (INSS), the dis-
tribution at presentation is as follows: stage 1, 
17 %; stage 2A/2B, 16 %; stage 3, 16 %; stage 4, 

a

c

b

  Fig. 16.11    Retroperitoneal extralobar pulmonary seques-
tration .  Longitudinal ultrasound images of the left upper 
abdomen ( a ) in an 11-day-old boy with prenatally 
 diagnosed mass reveal an echogenic mass medially 

( arrows ) and a normal-appearing adrenal gland laterally 
( b ). Doppler assessment confi rmed internal blood fl ow ( c ) 
with large systemic artery typical for an extralobar pulmo-
nary sequestration       

   Table 16.1    International neuroblastoma staging system   

 Stage  Description 

 1  Localized tumor with complete gross excision, with or without microscopic residual disease; representative 
ipsilateral lymph nodes negative for tumor microscopically 

 2A  Localized tumor with incomplete gross excision; representative ipsilateral nonadherent lymph nodes 
negative for tumor microscopically 

 2B  Localized tumor with or without complete gross excision, with ipsilateral nonadherent lymph nodes positive 
for tumor. Enlarged contralateral lymph nodes must be negative microscopically 

 3  Unresectable unilateral tumor infi ltrating across the midline, with or without regional lymph node 
involvement; localized unilateral tumor with contralateral regional lymph node involvement; or midline 
tumor with bilateral extension by infi ltration (unresectable) or by lymph node involvement. The midline is 
defi ned as the vertebral column. Tumors originating on one side and crossing the midline must infi ltrate to 
or beyond the opposite side of the vertebral column 

 4  Any primary tumor with dissemination to distant lymph nodes, bone, bone marrow, liver, skin, and/or other 
organs, except as defi ned for stage 4S 

 4S  Localized primary tumor, as defi ned for stage 1, 2A, or 2B, with dissemination limited to skin, liver, and/or 
bone marrow (limited to infants younger than 1 year). Marrow involvement should be minimal (i.e., <10 % 
of total nucleated cells identifi ed as malignant by bone biopsy or by bone marrow aspirate). More extensive 
bone marrow involvement would be considered stage 4 disease. The results of the metaiodobenzylguanidine 
(MIBG) scan, if performed, should be negative for disease in the bone marrow 

  Adapted from Brodeur et al. [ 45 ]  
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44 %; and stage 4S, 7 % [ 41 ]. However, newer 
staging systems based on imaging, instead of sur-
gical, fi ndings are in development [ 46 ]. Favorable 
prognosis occurs in patients <1 year of age, low- 
stage disease at presentation, and tumors arising 
from extra-abdominal sites. For example, 2-year 
survival is 80 % in patients with localized disease, 
whereas it is less than 5 % for patients with skel-
etal metastases [ 11 ]. Additionally, poor prognos-
tic signs are N-myc amplifi cation (>10 copies), 
allelic loss of chromosome 1p, and diploid karyo-
type, whereas favorable prognostic factors are 
unamplifi ed N-myc oncogene, absence of abnor-
malities on chromosome 1p, triploid karyotype, 
and well-differentiated stroma on histology [ 39 ].

   Treatment consists of a combination of sur-
gery, chemotherapy, and radiation depending on 
the stage at presentation. Primary surgical resec-
tion is used for more localized tumors and che-
motherapy for unresectable lesions or in a 
neoadjuvant setting to shrink lesions suffi ciently 
for delayed surgical resection [ 39 ]. 

 Neuroblastomas (and ganglioneuroblastoma) 
have varied appearance by US [ 3 ,  39 ]. They 
appear either as a suprarenal or paraspinal masses 
with the retroperitoneal location evident by ante-
rior displacement of the inferior vena cava or 
aorta or displacement of retroperitoneal organs 
[ 3 ]. On US, neuroblastomas may be homoge-
neous or heterogeneous in echogenicity with 
hyperechoic areas of calcifi cation (often without 
acoustic shadowing) and hypoechoic areas due to 
a combination of hemorrhage, necrosis, and cys-
tic change (Fig.  16.12 ) [ 39 ]. In newborns, neuro-
blastomas may instead be hypoechoic or mainly 
cystic [ 11 ]. Doppler US may be used to confi rm 
the presence of blood fl ow in the mass and to 
evaluate patency of encased vessels [ 39 ,  40 ].

   Cross-sectional imaging for staging of neuro-
blastoma is needed in order to assess the organ of 
origin, extent of the tumor, local invasion, vascu-
lar encasement or displacement, calcifi cation, 
lymphadenopathy, and metastases [ 24 ,  47 ]. On 
CT, neuroblastoma lesions have attenuation simi-
lar or less than that of the muscle [ 1 ]. Calcifi cation 
is present in up to 85 % of cases and may be 
fi nely stippled, curvilinear, coarse, or globular 
[ 1 ]. With intravenous contrast, neuroblastoma 
lesions enhance heterogeneously demonstrating 

a

c
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  Fig. 16.12    Neuroblastoma  – US.  Transverse ultrasound 
image of the upper abdomen ( a ) in this neonate reveals a 
solid-appearing mass arising from the left adrenal gland 
( arrows ) which displaces the pancreas ( arrowhead ) 
anteriorly. On focused ultrasound image ( b ) the left 
adrenal mass contains echogenic foci ( arrowheads ) due 
to calcifi cations. Color Doppler image of the left adrenal 
mass ( c ) demonstrates internal vascularity ( arrow ) 
unlike the appearance of an adrenal hemorrhage (See 
Fig.  16.8 )       
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areas of vascularity and low attenuation regions 
up to 4 cm in diameter representing necrosis or 
hemorrhage (Fig.  16.13 ) [ 1 ]. On MR, neuroblas-

tomas are often heterogeneous with variable 
enhancement. On T1-weighted images, lesions 
have low to intermediate signal intensity and 
high signal intensity on T2-weighted and fat- 
suppressed images [ 1 ]. Cysts and areas of necro-
sis are hypointense on T1-weighted images and 
hyperintense on T2-weighted images; these areas 
do not demonstrate enhancement with gadolin-
ium. Areas of calcifi cation demonstrate hypoin-
tensity on all MR sequences (Fig.  16.14 ) [ 11 ].

    CT or MR should also be used to determine 
the full extent of the tumor within the abdo-
men. Vascular encasement and compression can 
be seen of the inferior vena cava, aorta, celiac 
artery, superior mesenteric artery, renal vessels, 
and splenic vein; hypertension may result from 
renal vascular compression (Fig.  16.13 ) [ 39 ]. 
Renal hilar, porta hepatis, and retroperitoneal 
lymphadenopathy may be demonstrated [ 39 ]. 

  Fig. 16.13    Neuroblastoma  – CT.  Contrast-enhanced 
axial CT images in an 18-month-old boy with an adrenal 
gland origin neuroblastoma compressing and displacing 
the adjacent kidney       
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  Fig. 16.14    Neuroblastoma  – MR.  MR images in a 
5- year-old boy with a left adrenal neuroblastoma reveal 
heterogenous intermediate T1 signal ( a ) and mixed 

 intermediate and increased T2 intensity ( b ) and patchy 
enhancement following contrast enhancement with gado-
linium ( c )       
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Metastases into the liver, lung, lymph nodes, and 
brain can be demonstrated by both CT and MR 
(Fig.  16.15 ) [ 39 ]. Imaging should be assessed 
for direct invasion into the kidneys, liver, psoas, 
paraspinal muscles, and epidural space; MR may 
more easily demonstrate locoregional invasion 
(Fig.  16.16 ) [ 39 ]. MR is superior to CT for visu-
alization of the intraspinal tumor extension and 
bone marrow infi ltration (Fig.  16.16 ) [ 39 ,  48 ].

    In addition to cross-sectional imaging, patients 
with neuroblastomas and ganglioneuroblastomas 
routinely undergo metaiodobenzylguanidine 
(MIBG) scans to evaluate for sites of metastatic 
disease. MIBG is taken up by catecholamine- 
producing tumors including neuroblastomas, 
ganglioneuroblastomas, and ganglioneuromas 
[ 39 ]. Greater than 90 % of neuroblastomas are 
MIBG avid [ 49 ]. Other tumors which are typi-
cally MIBG avid include pheochromocytomas, 
carcinoid tumors, and medullary thyroid carcino-
mas [ 39 ]. MIBG scintigraphy is highly sensitive 
for the detection of metastatic bone disease, 
allowing visualization of both cortical and bone 
marrow metastatic disease [ 39 ]. Alternatively, 
Tc-99m methylene diphosphonate (MDP) bone 
scans can be used to detect bone metastases 
(Fig.  16.17 ).

   Positron emission tomography (PET) with the 
glucose analogue  18 F fl uorodeoxyglucose (FDG) 
currently has a limited role in the evaluation of 
neuroblastoma because MIBG is more sensitive 

for the detection of neuroblastoma [ 49 ].  18 F-FDG 
PET scans may be helpful for the evaluation of 
MIBG-negative neuroblastomas as well as stage 
1 and 2 neuroblastomas (Fig.  16.18 ) [ 50 ]. 
Additionally,  18 F-FDG PET scans are recom-
mended when cross-sectional (CT and MR) 
imaging studies suggest greater extent of disease 
than seen on MIBG imaging. Another positron 
emitting imaging agent,  18 F dihydroxyphenylala-
nine (DOPA) which is not yet widely available, 
has shown promise in initial studies of patients 
with stage 3 and 4 neuroblastoma when com-
pared to  123 I-MIBG [ 51 ].

       Ganglioneuroma 
 In comparison to neuroblastomas, ganglioneuro-
mas are benign completely differentiated tumors 
of mature ganglion cells [ 11 ]. Ganglioneuromas 
may arise de novo, develop from maturing neuro-
blastoma or ganglioneuroblastoma, or arise from 
treated neuroblastoma or ganglioneuroblastoma 
[ 1 ]. In contrast to neuroblastoma, ganglioneuro-
mas are more often found in asymptomatic older 

  Fig. 16.15    Neuroblastoma. Contrast-enhanced axial CT 
images in a 5-month-old girl with stage 4S Neuroblastoma 
( arrows ). CT image reveals a heterogeneously enhancing 
left adrenal mass ( arrows ) and multiple low attenuation 
liver metastases ( arrowheads )       

a
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  Fig. 16.16    Neuroblastoma. Axial MR images ( a ,  b ) in a 
5-year-old boy with a large posterior mediastinal neuro-
blastoma demonstrates evidence of tumor extension into 
the spinal canal ( arrows ) with associated displacement 
and compression of the spinal cord       
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  Fig. 16.17    Neuroblastoma .  Bone scan ( a ) and MIBG scan 
( b ) were performed in a 3-year-old boy with stage 4 neuro-
blastoma. Abnormally increased radiotracer localization on 
the bone scan ( a ) is seen in the skull ( arrowhead ), primary 
left retroperitoneal mass ( arrows ), and proximal femurs 

bilaterally ( arrows ). MIBG scan ( b ) shows evidence of 
extensive metastatic disease in the bone and bone marrow 
and in the primary left retroperitoneal tumor ( arrow ). All of 
the visualized skeletal activity on the MIBG scan represents 
sites of metastatic bone and/or bone marrow disease       
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children (median age of 7) as an incidental fi nd-
ing on imaging performed for other reasons [ 1 ]. 
Most ganglioneuromas arise in the posterior 
mediastinum, and only one-third arise in the 
abdomen (mostly paravertebral, less frequently 
suprarenal) (Fig.  16.19 ) [ 1 ]. As ganglioneuroma 
appearance on imaging is similar to that of neuro-
blastoma, diagnosis is made by histologic exami-
nation of tumor tissue [ 1 ]. A needle biopsy is not 
suffi cient due to sampling error and cannot 

 reliably confi rm benign histology throughout the 
entire lesion. Treatment consists of complete 
 surgical resection when possible with subsequent 
periodic radiologic surveillance; if surgical 
removal is not possible (large tumors, involve-
ment of vessels or other vital structures, or exten-
sion into the intervertebral foramina), patients 
should be followed for life to monitor for devel-
opment of malignant peripheral nerve sheath 
tumors [ 1 ].

  Fig. 16.18    Neuroblastoma .  PET/CT scan in a 17- year-old 
boy with a left presacral neuroblastoma (centered in the 
crosshairs) on localizing noncontrast CT (labeled CT 

transaxials) with increased metabolic activity on the PET 
(labeled PET transaxials) and fused PET/CT (labeled 
fused transaxials) images       
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       Pheochromocytoma 
 Pheochromocytoma is a functionally active 
catecholamine- secreting tumor involving chro-
maffi n cells of the sympathetic nervous sys-
tem. Most originate in the adrenal medulla; 
however, up to 30 % are extra-adrenal (termed 
paragangliomas) in locations such as the para-
vertebral sympathetic chain, para-aortic bodies, 
bladder wall, spermatic cord, or vagina [ 1 ,  3 ]. 
Pheochromocytoma is an uncommon neoplasm 
in children as only 5 % of all pheochromocyto-
mas occur in children and they represent under 
1 % of childhood neoplasms [ 1 ]. In children, 
70 % of pheochromocytomas arise in the adrenal 
gland and 24 % are bilateral [ 1 ]. There is a higher 

incidence of pheochromocytoma (in addition to 
multiple and/or bilateral tumors) in patients with 
multiple endocrine neoplasia (MEN) type 2 (with 
medullary thyroid carcinoma and parathyroid 
hyperplasia), tuberous sclerosis, neurofi broma-
tosis, hemihypertrophy, Sturge-Weber syndrome, 
and von Hippel-Lindau disease [ 3 ]. Clinical man-
ifestations of pheochromocytomas are due to epi-
nephrine and norepinephrine release, and include 
paroxysmal hypertension, tachycardia, sweating, 
fl ushing, headaches, blurred vision, papilledema, 
hypertensive encephalopathy, diarrhea, weight 
loss, and micturition syncope (in the case of blad-
der wall paragangliomas) [ 1 ]. Diagnosis is made 
with elevated levels of plasma or urinary levels of 
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  Fig. 16.19    Ganglioneuroma .  MR scans (( a ) axial T1, 
( b ) coronal T1, ( c ) coronal T2) in a 5-year-old boy with 
history of neurogenic bladder and bilateral ureteral refl ux 

revealed an adrenal mass ( arrows ). This proved to be a 
benign left adrenal ganglioneuroma       
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catecholamines or their metabolites (vanillylman-
delic acid [VMA], homovanillic acid [HVA]) [ 3 ]. 

 Imaging is necessary to localize the primary 
lesion(s) and any sites of metastatic spread to 
allow for treatment via surgical removal [ 3 ,  40 ]. 
Pheochromocytomas can range in size from 1 to 
10 cm at presentation; however, most are between 
2 and 5 cm [ 1 ]. On US, pheochromocytoma 
lesions can be homogeneously or  heterogeneously 

echoic with hypoechoic areas of hemorrhage and 
necrosis and hyperechoic areas of hemorrhage 
and calcifi cation. Smaller pheochromocytomas 
are more likely to be homogeneous and larger 
lesions heterogeneous [ 1 ,  3 ]. On CT, pheochro-
mocytomas have soft tissue attenuation, and 
enhancement may be diffuse, heterogeneous, or 
rim-enhancing (Figs.  16.20a, b ) [ 1 ]. On MR 
T1-weighted images, pheochromocytomas are 

a

b

cSuperior

Lt

  Fig. 16.20    Pheochromocytoma .  Axial ( a ) and coronal ( b ) 
contrast-enhanced CT images and MIBG scan ( c ) performed 
in a teenage girl with history of tachycardia and  hypertension 

reveal a heterogeneously enhancing left adrenal mass 
( arrows ) on CT which is strongly MIBG avid on MIBG scan 
( c ) and was confi rmed to be a pheochromocytoma       
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hypointense to the liver; on T2-weighted and fat- 
suppressed images, pheochromocytomas are 
hyperintense to the liver and fat [ 11 ]. Of note, 
they show a higher signal intensity compared to 
adrenocortical tumors. After gadolinium infu-
sion, these lesions have moderate to marked het-
erogeneous enhancement with a slow washout 
period [ 1 ,  11 ]. Whole body MIBG scintigraphy 
can also be used to localize lesions and metastatic 
sites (Fig.  16.20c ) [ 1 ].

        Adrenocortical Neoplasms 

 Adrenocortical tumors are not common in chil-
dren. The majority of these lesions are hyper-
functioning hormone-producing tumors with the 
most common abnormality being the overpro-
duction of androgens [ 24 ,  52 ]. Girls present with 
signs of virilization including facial hair, 
advanced pubic and axillary hair development, 
advanced bone age, increased muscle mass, and 
clitoromegaly [ 24 ]. While boys present with 
signs of isosexual pseudoprecocious puberty 
including early acne, pubic hair, and penile 
enlargement [ 24 ]. In the rare nonfunctioning 
lesions, a child may present with an abdominal 
mass or incidental fi nding on imaging. Girls are 
more commonly affected than boys, in a 2–3:1 
ratio. Carcinomas are more common than adeno-
mas [ 1 ,  24 ]. Adrenocortical neoplasms are less 
common than neuroblastoma but more common 
than pheochromocytoma [ 28 ]. 

 Unfortunately, compared to adult tumors, 
pediatric adrenal adenoma and adrenal carcinoma 
are diffi cult to distinguish histopathologically 
[ 24 ]. In adults, adrenal adenomas have a low 
nuclear-to-cytoplasmic ratio with very little 
necrosis or hemorrhage and rare mitoses; how-
ever, in children, these tumors are more likely to 
show nuclear atypia, pleomorphism, necrosis, and 
mitotic activity [ 24 ]. In comparison, adrenal car-
cinomas have a wide range of morphology from 
normal-appearing adrenal cells to completely 
undifferentiated cells [ 24 ]. Multiple attempts 
have been made to classify adrenal adenomas vs. 
adrenal carcinomas based on tumor size, clinical 
fi ndings, and histopathologic features. However, 

these two lesions cannot be reliably differentiated 
based on these systems [ 24 ,  52 ]. Only the detec-
tion of metastases can distinguish malignant 
tumors from benign lesions. 

    Adrenocortical Carcinoma 
 Adrenocortical carcinoma is a malignant neo-
plasm of the adrenal cortex and is quite rare, 
accounting for <1 % of all pediatric malignancies 
[ 24 ,  52 ]. Most present at a mean age of 9 years 
with androgen overproduction (virilization in 
girls, pseudoprecocious puberty in boys) as seen 
by elevated urinary 17-ketosteroids and normal to 
slightly elevated urinary cortisol levels [ 3 ]. 
Unusual presentations include pure Cushing syn-
drome, hyperaldosteronism leading to hyperten-
sion, or estrogen secretion leading to feminization 
on boys [ 24 ]. There is an association between 
adrenal cancer and hemihypertrophy, Beckwith- 
Wiedemann syndrome, and Li-Fraumeni syn-
drome [ 24 ]. As stated above, defi nitive diagnosis 
of adrenal adenoma vs. carcinoma cannot be 
made on imaging characteristics, biochemical cri-
teria, or even histopathologically; however, larger 
or palpable lesions are more likely to be carci-
noma [ 1 ]. Adrenal carcinoma may locally invade 
the kidney, renal vein, or inferior vena cava; dis-
tant metastases are most common in the lungs, 
liver, peritoneum, pleura, diaphragm, abdominal 
lymph nodes, and kidney [ 24 ]. Treatment consists 
of complete resection with adjuvant chemother-
apy reserved for metastases, recurrent disease, or 
persistently elevated hormones after resection 
[ 24 ]. Survival is related to age at presentation: 
Lack et al. demonstrated a 13 % survival rate for 
children older than 5 years and 70 % for children 
5 years or younger (combined adrenal carcinoma 
and adenoma cases) [ 53 ]. 

 Adrenal carcinomas are normally large at pre-
sentation, mostly greater than 5 cm, but can vary 
in size [ 24 ,  52 ]. On US, larger lesions are usually 
heterogeneous with necrosis, hemorrhage, and 
calcifi cation (in up to 40 %) leading to hypoechoic 
or hyperechoic areas [ 3 ]. Smaller lesions may be 
more homogeneous in nature (Fig.  16.21a ) [ 3 ]. 
US Doppler imaging may be used to detect 
venous tumor thrombus [ 3 ]. On CT and MR, 
larger lesions also appear more heterogeneous 

16 Adrenal Gland Imaging



364

compared to the homogeneous smaller lesions. 
Larger lesions may have a central scar with radia-
tion linear bands representing areas of calcifi ca-
tion and necrosis (Fig.  16.21b ) [ 1 ]. On MR, 
adrenal lesions (adenomas and carcinomas) tend 
to be intermediate signal intensity on T1-weighted 
images and high signal intensity compared to the 
liver on T2-weighted images [ 24 ]. CT and MR 
are superior to US in assessing for local invasion 
and metastatic spread and are of paramount 
importance when assessing for inferior vena cava 
tumor thrombus which may involve a thoracoab-
dominal surgical approach for intrahepatic or 
right atrial tumor thrombus [ 24 ].  18 F-FDG PET 
scan can be used to locate distant metastases or 
tumor recurrence not detected on CT or MR. 
Additionally, Tc-99m MDP bone scans can be 

used in the initial evaluation to detect bone 
metastases in those limited cases. As noted, the 
diagnosis of malignancy is characterized by local 
spread, invasion, and metastatic disease, not his-
topathology or primary mass imaging character-
istics [ 24 ,  52 ].

        Other Adrenal Neoplasms 

    Leiomyomas 
 Leiomyomas, smooth muscle tumors, have been 
described to occur in the adrenal glands, gastro-
intestinal, tracheobronchopulmonary, and hepa-
tobiliary symptoms in pediatric acquired 
immunodefi ciency syndrome (AIDS) in associa-
tion with Epstein-Barr virus (EBV) [ 54 ]. They 
are usually unilateral, but can be bilateral and are 
thought to arise from adrenal vasculature smooth 
muscle [ 1 ]. Most leiomyomas within the adrenal 
gland are small and benign appearing by imaging 
(i.e., homogeneous). However, some leiomyomas 
are larger and more complex on US, CT, and MR, 
and they have inconsistent  18 F-FDG PET avidity; 
therefore, the recommendation is surgical 
removal for those >6 cm [ 55 ].  

    Myelolipoma 
 Myelolipomas are cortical, nonfunctioning, 
benign tumors that are rare, mostly unilateral, and 
most often found in the adrenal gland. These 
lesions are more common in adults (frequently in 
the fi fth–seventh decades), but are rarely seen in 
children [ 56 ]. Tumors are usually small and 
asymptomatic and found incidentally on imaging. 
Myelolipomas are composed of fat and bone mar-
row components, and on US the fat components 
are highly echogenic and myeloid components are 
hypoechoic or isoechoic to adrenal parenchyma 
[ 3 ]. On CT, the fat component is easily identifi ed 
by regions of low Hounsfi eld unit (HU) attenua-
tion (−30 to −100 HU) [ 57 ]. MR can be used to 
confi rm adrenal origin by defi ning tissue planes, 
and lipid-containing regions can be identifi ed by 
high signal intensity on T1-weighted images, 
intermediate signal intensity on T2-weighed 
images, and loss of signal intensity on fat suppres-
sion scans [ 57 ]. Treatment is usually conservative 
when patients are asymptomatic.   

b

a

  Fig. 16.21    Adrenocortical neoplasm .  US ( a ) and CT ( b ) 
images through the upper abdomen reveal a solid soft tis-
sue mass ( arrows ) found to be an adrenocortical 
neoplasm       
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    Adrenal Cysts 

 Cysts in the adrenal gland can form in multiple 
disease states. Adrenal cysts can form during 
resolution of neonatal adrenal hemorrhage [ 5 ]. 
Additionally, neuroblastoma can present in a cys-
tic form prenatally or in the neonate [ 5 ]. 
Beckwith-Wiedemann syndrome and hemihyper-
trophy may be associated with adrenal micro-
cysts located in the capsule or superfi cial adult 
cortex [ 5 ]. These microcysts can undergo exag-
gerated development leading to macroscopic 
adrenal cysts at birth. Macroscopic adrenal cysts 
associated with Beckwith-Wiedemann syndrome 
are usually unilateral and large (up to several cen-
timeters), may be multiloculated, and are usually 
hemorrhagic [ 5 ]. Treatment is conservative as 
they shrink and may disappear with time [ 58 ]. 

 On US, adrenal cysts are round anechoic 
masses with well-circumscribed thin walls and 
through-sound transmission [ 3 ]. However, septa-
tions, fl uid-fl uid levels, wall calcifi cation, and 
multilocular cystic masses can also occur [ 3 ]. 
Other suprarenal, but extra-adrenal, cysts due to 
bronchogenic foregut malformations, such as 
bronchogenic cysts, cystic adenomatoid malfor-
mation, intra-abdominal sequestration with cys-
tic elements, and esophageal or gastric duplication 
cyst, may occur [ 59 ]. The extra-adrenal origin of 
these cysts may not be possible, but attempts to 
distinguish the adrenal gland from the cystic 
lesions with thorough US or cross-sectional 
imaging with MR or CT should be made.  

    Adrenal Abscess 

 Seeding of an adrenal hemorrhage in the set-
ting of neonatal or maternal septicemia can 
lead to the formation of an adrenal abscess [ 60 ]. 
Typical organisms include  Escherichia coli,  
meningococcus, group B hemolytic streptococ-
cus,  Staphylococcus,  and  Bacteroides  [ 5 ]. On 
US, adrenal abscess often have a rim-like cal-
cifi cation, fl uid fi lled center, echogenic debris, 
and increased fl ow and enhancement of the wall; 
however, the appearance is varied and may be 
hard to differentiate from an adrenal hemorrhage 
or neuroblastoma [ 3 ]. Clinical correlation of an 

adrenal mass in the setting of sepsis and follow-
 up imaging can assist with the diagnosis. Adrenal 
abscess complications include local extension 
(into the ipsilateral kidney, spleen, and pancreas), 
inferior vena cava compression, and rarely adre-
nobronchial fi stula [ 61 ].   

    Key Points to Remember 

•     Given the relatively large size of the neonatal 
adrenal gland due to the presence of fetal 
adrenal cortex, ultrasound (US) can easily 
visualize the adrenal glands during the neona-
tal period.  

•   After the fetal cortex has involuted, ultrasound 
cannot reliably discern the anatomic details of 
the adrenal glands; therefore, computed 
tomography (CT) and magnetic resonance 
imaging (MR) are best employed for imaging 
the adrenal glands in children and older 
infants.  

•   On US, the normal appearance of the neo-
natal adrenal gland is two separate zones of 
echogenicity: a core consisting of a thin, 
central hyperechoic stripe and a surrounding 
rim of thicker hypoechoic tissue. The sur-
face of a normal neonatal adrenal gland is 
smooth to slightly undulating, without nodu-
lar  protuberances, and adrenal limbs should 
be uniform in length with a width of less than 
4 mm.  

•   On CT, the adrenal gland’s soft tissue attenua-
tion is similar to the liver. On MR, on spin- 
echo T1-weighted images, adrenal glands 
have intermediate signal intensity (less than 
fat and similar to the liver); on T2-weighted 
and fat-suppressed images, adrenal glands are 
much brighter than fat and slightly brighter 
than the liver.  

•   Diagnosis of congenital adrenal hyperplasia 
can be made by the demonstration of two of 
three sonographic signs: (1) adrenal limb 
width of >4 mm, (2) cerebriform or crenated 
appearance of the surface of the adrenal gland, 
and (3) replacement of the central hyperechoic 
stripe with a diffusely stippled pattern of 
echogenicity or a diffuse thickened band of 
echogenicity.  
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•   Adrenal masses in children and neonates may 
be attributable to hemorrhage, neoplasms, 
cysts, or abscesses; the age and clinical pre-
sentation of the child, in conjunction with the 
imaging features of the mass, will allow one to 
develop an appropriate list of diagnostic 
considerations.  

•   Use serial imaging to differentiate adrenal 
hemorrhage from neuroblastoma. Masses due 
to adrenal hemorrhage decrease in size over 
several weeks as the hemorrhage liquefi es and 
resorbs and become more hypoechoic or 
anechoic, whereas in contrast, the size of a 
neuroblastoma is unlikely to decrease.  

•   Neuroblastoma has varied appearance on US, 
CT, and MR. Cross-sectional imaging for stag-
ing of neuroblastoma is needed in order to assess 
the organ of origin, extent of the tumor, local 
invasion, vascular encasement or displacement, 
calcifi cation, lymphadenopathy, and metastases.  

•   Compared to adult tumors, pediatric adrenal 
adenoma and adrenal carcinoma are diffi cult to 
distinguish histopathologically or radiologi-
cally. Only the detection of metastases can dis-
tinguish malignant tumors from benign lesions.        

  Acknowledgement   Ellen C. Benya, MD, Department of 
Medical Imaging, Ann and Robert H. Lurie Children’s 
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           Introduction 

 Imaging of the scrotum is the mainstay of the 
workup of a patient who presents with scrotal 
pathology. The different imaging modalities that 
are utilized include ultrasound, MRI, and nuclear 
scintigraphy, each with different advantages and 
limitations. Ultrasonography is the most com-
monly used modality due to its noninvasive 
nature, high degree of accuracy, low cost, and 
simplicity [ 1 ,  2 ]. Avoiding the need for ionizing 
radiation and contrast material is an added benefi t 
when there is a need to image the testes, which are 
exquisitely sensitive to toxins. The study is inter-
active, and an experienced radiologist can tailor 

the study to the patient’s history and clinical fi nd-
ings. More recently, the combination of color and 
power Doppler ultrasound has become the most 
prevalent method of sonographic evaluation of the 
testes. It is more sensitive to low-fl ow states and 
low velocities, but lacks directionality and has 
poor temporal resolution [ 3 ]. This is of special 
importance in the pediatric population as the pre-
adolescent testes have low blood fl ow, which may 
be easily missed on routine Doppler ultrasound. 

 Nuclear scintigraphy with technetium 99 is 
used in the evaluation of the acute scrotum in 
cases that are equivocal on ultrasound. It may be 
used to differentiate between cases of testicular 
torsion, requiring emergent surgical intervention, 
versus a nonsurgical pathology such as epididy-
mitis or orchitis. The benefi ts of this study must 
be weighed against the possible delay in treat-
ment in a case of testicular torsion. In equivocal 
cases, when blood fl ow is undetectable by color 
Doppler ultrasound, nuclear scintigraphy may be 
a powerful tool as it may detect testicular perfu-
sion in age-appropriate low-fl ow states [ 4 ]. 

 Magnetic resonance imaging is another radio-
graphic modality to help elucidate cases that are 
diagnostically equivocal on ultrasound. Although 
ultrasound is indispensible in the evaluation of 
the scrotum, the MRI is an excellent second-line 
modality when the diagnosis is inconclusive after 
sonogram [ 5 ]. There are characteristics of scrotal 
solid masses on MRI that may assist in planning 
surgery and in deciding whether a scrotal mass is 
malignant or benign and amenable to a partial 
orchiectomy or nonsurgical management [ 6 ].  
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    Technique 

 Scrotal ultrasonography is performed with the 
patient positioned supine and with a support, 
such as a warm folded towel underneath the scro-
tal sac for support. The penis should be displaced 
superiorly or superolaterally and a towel may be 
draped over it. A scrotal ultrasound scan is per-
formed with a high-frequency (7.5–15-MHz) 
transducer for optimal resolution. Imaging should 
be conducted in sequential sagittal and transverse 
planes, proceeding in a systematic fashion. The 
fi rst images should be transverse and include 
both testes side by side to allow comparison of 
echotexture, echogenicity, size, and fl ow, as well 
as documenting the presence of two testicles. The 
patient should be warm and as comfortable as 
possible, otherwise the scrotal contents retract 
and the scrotal skin thickens, making evaluation 
challenging. Color fl ow and duplex Doppler are 
pertinent when assessing testicular perfusion and 
viability as well as in identifying vascular inju-
ries. It is also important to identify infection and 
the vascularity of a mass. Pinggera et al. have 
suggested the use of resistive index as a predictor 
of testicular dysfunction. They found that RI >0.6 
correlates with an abnormal semen analysis or 
subfertility [ 7 ]. 

 Nuclear scanning of the testicle is usually 
reserved for cases of indeterminate fi ndings on 
ultrasound performed when testicular torsion is 
suspected but is not diagnostic. Details regarding 
performance of the study were described in a pre-
vious chapter. Briefl y, scrotal scintigraphy is gen-
erally performed using technetium 99 for 
detection of blood fl ow. Images are typically 
taken every 3–5 s for 1–2 min. 

 MRI of the scrotum and testes is used as a sec-
ond-line radiologic modality to aid in the diagno-
sis of masses in the scrotum that are indeterminate 
on ultrasound. A 1.5T magnet is used with a 5-in. 
(13 cm) coil. Imaging includes a large fi eld of 
view frame to include the renal vessels to assess 
for hernias and allow evaluation of the lymph node 
drainage of the testicles in the retroperitoneum. A 
high-resolution T2-weighted fast spin echo 
sequence is used in the axial, sagittal, and coronal 
planes to image the scrotum. A high-resolution 
axial T1-weighted spoiled  gradient echo sequence 

is also used to identify hemorrhage. Gadolinium 
can aid in differentiating between a benign cystic 
lesion and a cystic neoplasm and can be used to 
assess for areas of absent or reduced testicular per-
fusion, such as in segmental testicular infarct [ 8 ].  

    Anatomy 

 The scrotum is divided into two compartments 
by a fi bromuscular septum. The main compo-
nents of each scrotal compartment are the testicle 
and the epididymis, which is located on the pos-
terolateral aspect of the testicle. The epididymis 
is comprised of a cauda, body, and caput, with the 
appendix attached to the caput. The average size 
of the epididymis in an adult is 6–7 cm in length 
and the epididymal head is 1–1.2 cm in cross sec-
tion. The body of the epididymis should be less 
than 4 mm in cross section and the 1–2 mm on 
average. The appendix testis is a Müllerian rem-
nant, also known as the hydatid of Morgagni, 
which may be found on the upper pole of the tes-
tis. The appendix epididymis (pedunculated 
hydatid) is found on the caput (head) of the epi-
didymis and is a Wolffi an duct remnant. 

 The arterial supply to the testicle and the 
venous drainage from the testicle are important 
components of the scrotal sac, and evaluation of 
those is a key factor on imaging. Changes to the 
skin and to the layers surrounding the testicle can 
also be noted. The potential space between the 
visceral and parietal layers of the tunica vagina-
lis, which are a continuation of the visceral and 
parietal peritoneum, may be commented upon. 

 Testicular arterial supply includes the testicu-
lar (gonadal) artery, the vasal artery, and the 
cremasteric artery. The vasal artery is a branch of 
the internal iliac artery, the gonadal artery is a 
branch off of the aorta, and the cremasteric artery 
is a branch off of the inferior epigastric. The 
majority of the blood supply to the testicle is 
derived from the gonadal artery [ 9 ]. The venous 
drainage is mainly a function of the pampiniform 
plexus, which may be dilated and result in a fi nd-
ing of a varicocele. This plexus drains into the 
internal iliac vein bilaterally as well as the 
gonadal vein which empties into the renal vein on 
the left and the aorta on the right [ 10 ]. 
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 The adult testicle is an elliptical structure 
which measures on average 25 ml by orchidom-
eter and14 ml by ultrasound. Its dimensions 
are 4–5 cm longitudinally and 2.5 cm across. 
The size of the testicle in the pediatric popula-
tion according to the patient’s age was measured 
sonographically and reported in several studies. 
The size of the testicle increases signifi cantly in 
the fi rst 5 months of life, from 0.27 ml to 0.44 ml. 
By 9 months of age the testicle is 0.31 ml on aver-
age and remains stable in size until puberty [ 11 ]. 
Goede et al. collected data from 932 patients age 
6 months to 18 years and found that the mean 
testicle volume at age 1 was 0.48 ml, at age 10 it 
was 0.97 ml, and at age 18 it was 13.73 ml. The 
greatest variability was found at age 14, where 
the range was 1.69–19.98 [ 12 ]. 

 The spermatic cord is also evaluated sono-
graphically, as it may harbor pathologies such as 
a mass, hydrocele, hernia, or varicocele. Normally 
the cord is comprised of the testicular vascula-
ture, the vas deference, as well as nerves and 
lymphatics that drain the testicle directly into the 
retroperitoneal lymph nodes. 

 Ultrasound is the primary imaging study of 
the scrotum and its contents (Fig.  17.1 ). The 
testes should have a homogenous echotexture 
surrounded by the tunica vaginalis which is not 
visible in the absence of a hydrocele. A hyper-
echoic stripe that is parallel to the epididymis rep-
resents the mediastinum testis. The epididymis 
sits superior to the testis and is normally iso- or 
hypoechoic to the adjacent testicle. The individ-
ual components of the spermatic cord are not 
discernible by ultrasound, but bidirectional fl ow 
may be discerned by Doppler. This can be chal-
lenging in the prepubertal child.

   Normal testes are homogeneous in appearance 
on MR imaging. There is intermediate signal inten-
sity on T1-weighted images and high signal inten-
sity on T2-weighted images relative to skeletal 
muscle (Fig.  17.2 ). The epididymis is similar to 
testicular parenchyma on T1-weighted images, but 
low signal intensity on T2-weighted images. The 
tunica albuginea is low signal intensity on both T1- 
and T2-weighted images. The mediastinum testis 
will be a low-signal band posterior in the testicle on 
T2-weighted images. Normal testis parenchyma is 

a

c d

b

  Fig. 17.1    Normal testis. Sagittal ( a ) and transverse ( b ) 
views of normal testes demonstrating homogeneous 
parenchyma. The markers take measurements of testicular 
size in both dimensions. Spectral Doppler tracing of a 

 normal testis measured from a vessel noted in color 
Doppler ( c ). The mediastinum testis is seen as a hyper-
echoic stripe in the mid-testis ( d )       
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homogenous in attenuation and enhancement on 
CT examinations. CT is not typically used to image 
testicle pathology, but rather to image the chest, 
abdomen, and pelvis for testicular cancer staging.

       Acute Scrotum 

 The acute scrotum provides a unique radiological 
dilemma as interpretation of ultrasound fi ndings 
relies on the clinical history. A detorsion event 
may present with similar fi ndings as an epididy-
mitis or epididymal torsion. This underscores the 
importance of obtaining a good history and main-
taining open communication between the radiol-
ogist and the clinician. 

    Testicular Torsion 

 Testicular torsion is the single most common 
emergency within the realm of pediatric urology. 
Torsion can occur at any age but is most common 
in 12–18-year-old adolescents. Recovery of the 
testicle is most likely within the fi rst 6 h after the 
event, after which testicular salvage rates drop 
precipitously. The etiology in the adolescent pop-
ulation is due to a bell-clapper deformity in which 

the tunica vaginalis encircles the epididymis, dis-
tal spermatic cord, and the testis rather than 
attaching to the posterolateral aspect of the testis. 
The deformity leaves the testis free to swing and 
rotate within the tunica vaginalis, as a clapper 
inside a bell. 

 The diagnosis of testicular torsion is primarily 
reliant on the clinical presentation. A typical his-
tory is a sudden onset of extreme and unremitting 
testicular pain that may or may not be associated 
with physical activity. Clinically, the patient is in 
severe pain, has diffi culty ambulating, and may 
experience nausea and vomiting. The testicle is 
tender and in an abnormal transverse, high-riding 
lie, while the scrotum is erythematous. The crem-
asteric refl ex is typically absent on the affected 
side and the Prehn’s maneuver is negative, i.e., 
there is no pain relief with elevation of the testi-
cle. Attempts at scoring systems have been made 
but are not yet widely used [ 13 ]. 

 Ultrasonography has been shown as highly 
reliable in diagnosis of the acute scrotum in the 
emergency department, with a sensitivity of 
94 %, specifi city of 96 %, and accuracy of 95.5 % 
[ 2 ]. Radiographically, the appearance of the tes-
ticle changes according to the degree of torsion 
and the time since the onset of the event. In com-
plete torsion (540–720° twisting), the testis may 

a b

  Fig. 17.2    Normal testis. MR images demonstrating the 
normal testes from a young teen imaged for osteomyelitis 
of the hip. The T1 images ( a ) demonstrate the hypointense 

testes in the scrotum. The T2 image ( b ) demonstrates the 
hyperintense ovoid structures in the scrotum. The size dis-
crepancy refl ects their position within the scrotum       
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have normal echotexture with absent blood fl ow 
very early in the process. After 4–6 h, the testis is 
enlarged, the parenchyma may appear normal or 
have some patchy hypoechoic areas present, and 
the blood fl ow is still absent (Fig.  17.3 ). 
Additional fi ndings include enlargement of the 
epididymis, thickening of the scrotal skin, as well 
as the presence of a reactive hydrocele. 
Sonographic examination of the cord may dem-
onstrate a whirlpool sign, representing the twisted 
congested vessels of the cord [ 14 ]. Kalfa et al. 
determined that sonography of the spermatic 
cord is highly sensitive and specifi c for the diag-
nosis of acute torsion [ 15 ]. Decreased blood fl ow 
may be seen with a partial torsion of 180–360°, 
where there is a longer window of viability to the 
testicle.

   Torsion longer than 24 h may clinically pres-
ent with diminished pain due to the presence of a 
completely infarcted and unsalvageable testicle. 
Sonographically the testicle appears to have het-
erogeneous echotexture and absent blood fl ow, 
and it is surrounded by reactive hyperemia [ 16 ]. 
It may be enlarged in size and contain areas of 
decreased echogenicity (Fig.  17.4 ).

   Flow velocity is evaluated by Doppler ultra-
sound. In the prepubertal patient, it may be 
challenging to detect blood fl ow. The addition of 
power Doppler increases blood fl ow detection 
rate from 80 to 90 % in that age group. The veloc-
ity scale should be set to the lowest setting in 
order to increase the sensitivity to fl ow detection. 
Spectral Doppler sonography allows for compar-

ison between the two testicles and fi ndings of 
asymmetry in blood fl ow. The diagnostic accu-
racy of ultrasound is equivalent to that of nuclear 
scanning; however, the two modalities may be 
complementary in cases of uncertain diagnosis. 

 Scintigraphy and sonography show similar 
high sensitivity for the diagnosis of testicular tor-
sion; however, in equivocal cases these modalities 
can complement one another to further increase 
the diagnostic accuracy [ 17 ,  18 ] (Fig.  17.5 ). 
In a multi-institutional review of 130 pediatric 
patients with acute scrotal pain, Baker et al. dem-
onstrated 89 % sensitivity and 99 % specifi city 
for color Doppler ultrasonography for differen-
tiating testicular torsion from other nonsurgical 
etiologies. The mean age at the time of ultraso-
nography was 11 years. Seventeen patients were 
suspected to have testicular torsion and were 
emergently explored. The remainder of outcomes 
was obtained by clinical follow-up with outpa-
tient sonograms. The mean length of follow- up 
was 1.3 years, but 23 % of patients were lost 
to follow-up and could not be evaluated. There 
were two cases of missed testicular torsion which 
resulted in delayed testis atrophy and one case 
that underwent surgical exploration for a torsed 
epididymal appendage [ 17 ].

   These limitations were addressed by Lam et al. 
in a large single institution review of 626 patients 

  Fig. 17.3    Left testicular torsion for 5 h. Transverse 
images of the scrotum demonstrate the absence of fl ow 
and enlargement consistent with engorgement and edema       

  Fig. 17.4    Missed torsion. Sagittal view of the right testis 
on a 16-year-old male 18 h after the onset of testicular 
pain demonstrating heterogeneity of the parenchyma. 
Doppler fl ow was not demonstrable on the left. The left 
testis was normal       

  

17 Scrotal Imaging



374

who presented with acute scrotal pain. Forty-
seven percent were explored immediately, leaving 
332 (53 %) who underwent initial color Doppler 
US at time of presentation. Mean age was 8 years, 
and all patients had at least 2 weeks follow-up. 
Nine patients showed no fl ow on color Doppler 
US, and all were confi rmed as testicular torsion 
upon exploration. Four of 323 patients who were 
found to have normal or increased fl ow on sono-
gram and explored based on clinical suspicion 
were found to have testicular torsion. Overall, 
color Doppler US yielded nine true- positive 
results and 319 true-negative results out of 332 
which computes to a sensitivity of 69 %, specifi c-
ity of 100 %, and an accuracy of 98.8 % [ 18 ]. 

 Other authors have demonstrated better sensi-
tivity for Doppler US in older patients. Yagil et al. 
report their results using Doppler US as a screen-
ing tool in the ED for triage of patients with acute 
scrotum. The patients studied were slightly older 
than in prior series, with a mean age of 16 years. 
In this review of over 620 patients, testicular 

 torsion was suspected by Doppler US in 20 
patients and confi rmed via surgical exploration in 
18. There were two false positives and one false 
negative. The reported study sensitivity, specifi c-
ity, and accuracy were 94, 96, and 95.5 %. The 
only false-negative exam occurred in a 3-year-old 
boy who had present, but slightly diminished fl ow 
in the affected testicle. Surgical exploration due to 
a high index of clinical suspicion revealed torsion. 
This outstanding diagnostic accuracy may be due 
in part to an older study population which may 
have improved the performance of Doppler US in 
detecting  arterial fl ow [ 19 ]. 

 Other authors have noted that Doppler US is 
often user dependent and that documenting fl ow 
in the prepubertal testis can be unreliable [ 20 –
 23 ]. An oft-quoted report by Ingram et al. showed 
that in 50 normal boys ranging in age from 
2 months to 13 years, blood fl ow could be 
detected by color Doppler in both testes in only 
58 % of boys and 34 % had no detectable fl ow 
[ 21 ]. Albrecht et al. report similar abilities of 

a

b

  Fig. 17.5    Nuclear scintigraphy of two boys with acute 
onset of testicular pain. ( a ) There is a paucity of uptake of 
tracer in the right hemiscrotum after pain of 5 h duration 

( arrow ). ( b ) There is absence of fl ow but surrounding 
hyperemia ( arrows ) on the right hemiscrotum after 24 h of 
pain consistent with a missed torsion       
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color and power Doppler to detect testicular 
blood fl ow in normal prepubertal boys (69 % vs. 
65 %), with the combination of the two margin-
ally better at 79 % [ 20 ]. This was confi rmed in a 
prospective comparison by Blask et al. of scintig-
raphy and Doppler ultrasonography in 46 chil-
dren who presented with an acute scrotum in 
which fl ow was demonstrated in the asymptom-
atic testis in only 60 % [ 24 ].  

    Appendix Testis/Epididymis Torsion 

 Torsion of an appendix is most common in 
6–12-year-old patients. The clinical presentation is 
acute onset of pain, limited to the superior pole of 
the testicle at the level of the appendix. The occa-
sional fi nding of a blue dot seen through the scrotal 
skin is due to ischemia and necrosis of the append-
age. Sonographically the epididymis and sometimes 
the entire testicle are infl amed, and on occasion the 
enlarged and avascular appendix can be seen and 

palpated due to swelling and hyperemia. Treatment 
is symptomatic relief with nonsteroidal anti-infl am-
matory agents and scrotal elevation.  

    Epididymitis/Orchitis 

 These entities are common causes of an acute 
scrotum in the pediatric population. The onset is 
more gradual than that of testicular or appendix 
torsion, and it may be accompanied by fevers. In 
prepubertal patients the cause is usually nonbac-
terial and may be related to dysfunctional void-
ing. In the postpubescent patient this is usually 
related to retrograde spread of infection or to 
chemical irritation of the epididymis secondary 
to refl ux of urine. In sexually active patients, this 
may be associated with the spread of a sexually 
transmitted disease. Sonographically, the epidid-
ymis and/or testis appear hyperemic and hyper-
vascular, enlarged, and hypoechoic (Fig.  17.6 ). 
Reactive hydroceles and scrotal edema are also 

a

b

  Fig. 17.6    Ultrasound ( a ) and nuclear scintigraphy ( b ) 
demonstrating the features of epididymo-orchitis. 
Increased Doppler fl ow is noted on ultrasound to both the 

testicle and epididymis when compared to the asymptom-
atic side. There is increased uptake of nuclear tracer to the 
left hemiscrotum (arrow)       
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common fi ndings. Nuclear perfusion scintigra-
phy studies using technetium 99 rely on fl ow 
images showing abnormal increased testicular 
perfusion, as well as static pictures showing a 
“cold” defect in the area of hydrocele (Fig.  17.6 ). 
Infl ammatory conditions are characterized by 
diffusely increased uptake of radiotracer into the 
affected testicle. A study by Mueller et al. found 
that when supplementing scintigraphy with 
sonography, the interpretation was changed in 
14 % of cases, which spared 31 % of patients 
from a surgical procedure [ 18 ].

        Trauma 

 The main objective of a sonographic evaluation is 
to assess whether there is presence of blood fl ow 
to the testicle and to identify whether the tunica 
albuginea surrounding the testicle is intact, as 
absence of fl ow or the presence of testicular rup-
ture are indications for scrotal exploration. 
Indeterminate fi ndings or high clinical suspicion 
is also an indication for exploration. 

 In testicular rupture there is extrusion of semi-
niferous tubules out of the testicle, and the tunica 
appears discontinuous. Salvage rate of testicular 
rupture is upwards of 90 % even after 72 h post-
trauma. Buckley and McAninch reported that the 
fi nding of heterogeneous parenchyma and irregu-
lar contour had 100 % sensitivity and 93.5 % 
specifi city for the diagnosis of testicular rupture 
[ 19 ] (Fig.  17.7 ).

   Contusions can be seen as a hypoechoic area, 
but are not indications for scrotal exploration if 
the tunica albuginea is intact. A testicular fracture 
is a break in the parenchyma of the testis without 
a tear in the tunica albuginea. It will appear as a 
linear hypoechoic band and may be managed 
nonoperatively if there are no abnormalities in 
Doppler fl ow imaging. 

 Hematomas may occur anywhere within 
the scrotum following trauma. Acute injury 
is represented by a hyperechoic dense fl uid 
collection whereas an older bleed will be 
hypoechoic and without vascularity. The fl uid 
collection of a hematoma is usually complex and 
heterogeneous. 

 Hematoceles are complex fl uid collections 
that separate the visceral and parietal layers of 
the tunica vaginalis. In the acute setting they 
appear hyperechoic and become hypoechoic with 
time [ 20 ].  

    Pyocele/Abscess 

 Pyoceles are rare in the pediatric population [ 21 ]. 
Its presence is suggested by the clinical history, 
which usually includes prior surgery or a scrotal 
or perineal skin infection. Acute pain, fevers, and 
an elevated white blood cell count are present. 
The physical fi ndings may include a tender and 
swollen scrotum, erythema, edema, and a tense 
hydrocele, which may be confused with an acute 

a

b

  Fig. 17.7    Trauma. Transverse view of the right testis 
demonstrating several hematomas within the testis, a sur-
rounding hematocele and thickening of the overlying skin 
following blunt trauma ( a ). The same testis several weeks 
later demonstrating an isolated remnant hypoechoic area 
and a large hydrocele ( b )       
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torsion of the testicle. An abscess may be sug-
gested radiographically by the presence of com-
plex multiloculated scrotal fl uid collection 
containing debris, thickened tunica vaginalis, and 
heterogeneous echogenic areas. Color Doppler 
will demonstrate peripheral hypervascularity 
without internal blood fl ow [ 22 ]; however, blood 
fl ow to the testicle should appear preserved.  

    Vasculitis 

 Systemic processes such as Henoch-Schonlein 
purpura (HSP) may affect the testicle in approxi-
mately 15 % of cases. In some patients, scrotal 
symptoms are the initial clinical manifestation of 
this disease process. The patient with HSP usu-
ally has cutaneous symptoms such as lower 
extremity petechiae, as well as renal and rheuma-
tologic symptoms. The scrotum is painful and 
enlarged [ 23 ]. Ultrasound examination will reveal 
enlarged epididymis and thickened scrotal skin, 
as well as reactive hydroceles. Testicular blood 
fl ow is usually maintained or increased (Fig.  17.8 ). 
Nuclear scintigraphy is also diagnostic in such 
cases for epididymo-orchitis, which demonstrate 
increased perfusion to the testis [ 23 ,  24 ].

       Hydrocele/Hernia 

 The processus vaginalis is an extension of the 
parietal peritoneum, which envelops the testicle in 
two layers as it descends into the scrotum during 
embryogenesis. The processus vaginalis is nor-
mally obliterated in the 7–9 months of gestation, 
but in approximately 20 % of males the processus 
vaginalis is patent at birth, resulting in a potential 
space. In most cases this will resolve by 1 year 
of age, and many males with a patent processus 
vaginalis are asymptomatic. Sonographically, 
the two layers of the tunica vaginalis can appear 
as isoechoic to hyperechoic linear bands extend-
ing from the internal inguinal ring to the scrotum. 
Pediatric hydroceles are commonly due to an indi-
rect hernia, which is a consequence of a patent 
processus vaginalis that allows for free communi-
cation of peritoneal fl uid with the scrotum, and fl uid 
accumulation. Those hydroceles are reducible, and 
the scrotal sac contents are seen to change in size 
throughout the day and with different activities. In 
the noncommunicating variant, the hydrocele sac 
size is fi xed, as it is not in communication with the 
peritoneal fl uid [ 25 ]. Hernias may not communi-
cate with the tunica vaginalis, and the fl uid may be 
able to be tracked distally from the groin and seen 
to end proximal to the testis (Fig.  17.9 ).

   Hydroceles are usually diagnosed clinically, 
and imaging is not indicated. If imaging is obtained 
for inconclusive cases, the hernia is sonographi-
cally represented by hypoechoic fl uid collection 
within the tunica vaginalis, and the scrotal hydro-
cele is the peritoneal fl uid surrounding the testicle 
(Fig.  17.10 ). In the pediatric population these are 
usually simple fl uid collections without septations 
unless there is a history of infection or trauma. 
Herniation of bowel via a patent processus vagina-
lis is more common in the premature infant, in 
which the inguinal canal is very short as the inter-
nal and external rings are almost overlying each 
other at birth, and the patency of the processus 
vaginalis is large relative to the abdominal con-
tents. In cases of suspected bowel incarceration, 
plain radiographs can be use to augment ultra-
sound fi ndings by detecting bowel gas in the scro-
tum. Echogenic bowel mucosa or bowel motility 
can be detected sonographically [ 26 ].

  Fig. 17.8    Vasculitis. An 8-year-old boy presented with 
scrotal pain and a papular rash on the legs. While the diag-
nosis of Henoch-Schonlein purpura was made, concurrent 
testicular torsion could not be excluded by history and 
physical examination. The constellation of ultrasound 
fi ndings of thickened scrotal skin ( bracket-star ) main-
tained or increased color Doppler fl ow, and the presence of 
a hydrocele ( H ) is all consistent with the diagnosis of HSP       

 

17 Scrotal Imaging



378

   Hydrocele of the spermatic cord may present 
as an inguinal swelling, with or without pain 
(Fig.  17.11 ). It is a rare fi nding, present is about 
1–5 % of cases with inguinal symptoms. Similar 
to the scrotal hydrocele, the spermatic cord 
hydrocele emanates from a patent processus vag-
inalis. This fi nding may have several variants: the 
encysted hydrocele, the reducible or funicular 
hydrocele, and the mixed variety. The encysted 
hydrocele does not communicate with the perito-
neal cavity and therefore cannot be reduced. 
The funicular hydrocele appears as a peritoneal 

diverticulum into the inguinal canal that termi-
nates above the scrotum. Occasionally there may 
be multiple cysts along the spermatic cord, which 
may appear as beads along the spermatic cord 
when studied sonographically [ 25 ]. In a study 
assessing the utility of scrotal ultrasound in the 
diagnosis of a hydrocele of the cord, 3,486 

  Fig. 17.9    Hydrocele. Anechoic space is seen in the right hemiscrotum that surrounds the testis. The superior margin of 
this collection was noted       

  Fig. 17.10    Hernia. Sagittal view of an ultrasound per-
formed in a 6-year-old boy with an inguinal swelling. A 
longitudinal hypoechoic area ( H ) is noted in the inguinal 
area superior to the testis ( T ). This was consistent with a 
left inguinal hernia which was confi rmed at surgery       

  Fig. 17.11    Hydrocele of the spermatic cord. Sagittal 
view of the inguinal canal in a child who felt a “lump” in 
the inguinal canal. This area was limited to the spermatic 
cord on physical examination. The hypoechoic area ( H ) 
was well defi ned with normal cord superior and inferior to 
this area. Bladder ( UB )       
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 sonograms in 1,743 pediatric patients were 
reviewed. All patients presented with a mass or 
swelling of the inguinal region. Of those, 27 
patients were diagnosed sonographically with a 
hydrocele of the cord after fi nding of an anechoic, 
avascular mass along the spermatic cord. Only 
one of these patients was clinically diagnosed 
with this entity, refl ecting the lack of awareness 
of this diagnosis as well as its rarity [ 27 ,  28 ].

       Varicocele 

 Dilated testicular veins are found in 10–13 % of 
adolescents and are more common on the left 
side. Isolated right varicocele or one that does not 
decompress in the supine position should prompt 
a workup of an abdominal or pelvic pathology. 
The association of varicoceles with testicular 
failure and with infertility is well established; 
however, the mechanism by which unilateral 
varicoceles have this bilateral effect remains 
 controversial. This pathology is usually treated 

in adolescents when hypotrophy of the affected 
testicle is greater than 20 % as compared to the 
contralateral testicle. Varicoceles are rarely asso-
ciated with pain or discomfort, and if severe they 
may be visible and deform the scrotum. Grade 
1 is palpated only on Valsalva; grade 2 is easily 
palpable, but not visible; grade 3 is visible. 

 Sonographic evaluation of a varicocele is done 
both in the supine and standing positions, while 
performing Valsalva maneuvers. On ultrasound 
the varicocele appears as an anechoic serpiginous 
vein greater than 3 mm at rest and retrograde fl ow 
with increased vein diameter on Valsalva maneu-
ver (Fig.  17.12 ). Grading of varicocele depends 
on sonographic evaluation. Grade 0, subclinical 
varicocele, is found only on sonogram, but not 
clinically detectable. High fl ow rates (>38 cm/s) 
were strongly associated with testicular volume 
asymmetry [ 29 ].

   Ultrasound classifi cation of varicocele grade 
1 is characterized by the detection of a prolonged 
refl ux in vessels in the inguinal channel only 
during Valsalva, while scrotal varicosity is not 

a b

c d

  Fig. 17.12    Varicocele   . Transverse ( a ) and sagittal ( b ) 
ultrasound images of the left testis demonstrate 
hypoechoic spaces inferior and superior to the testis. 

Color Doppler fl ow increases considerably with the patent 
moves from the supine ( c ) to the standing ( d ) position 
consistent with a varicocele       
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evident in the previous grayscale study. Grade 2 
is characterized by a small posterior varicosity 
that reaches the superior pole of the testis and 
whose diameter increases after Valsalva. The 
ultrasound evaluation clearly demonstrates the 
presence of a venous refl ux in the supratesticular 
region only during Valsalva. Vessels that appear 
enlarged at the inferior pole of the testis only 
when the patient is evaluated in a standing posi-
tion characterize grade 3. Ultrasound demon-
strates a clear refl ux only under Valsalva. Grade 
4 is diagnosed if vessels appear enlarged, even if 
the patient is studied in a supine position; dilata-
tion increases in an upright position and during 
Valsalva. Enhancement of the venous refl ux after 
Valsalva is the criterion that allows the distinc-
tion between this grade from the previous and 
the next one. Hypotrophy of the testis is com-
mon at this stage. Grade 5 is characterized by an 
evident venous dilation even in an upright posi-
tion. Ultrasound demonstrates the presence of an 
important basal venous refl ux that does not 
increase after Valsalva [ 30 ].  

    Microlithiasis 

 Microlithiasis are small (2–3 mm) calcifi ed intra-
testicular lesions that may be found within the 
testicular parenchyma. These microcalcifi cations 
represent incompletely phagocytized degener-
ated cellular remnants within the seminiferous 
tubules. They are usually discovered incidentally 
when an ultrasound of the scrotum is performed 
for other reasons including scrotal pain; however, 
they do not appear to be associated with the etiol-
ogy of the pain. Furthermore, most likely do not 
have an association with future testicular malig-
nancy [ 31 ]. There is a suggested association with 
certain pathologies such as Down’s syndrome 
and Klinefelter’s syndrome, as well as with infer-
tility and testicular germ cell tumors [ 32 ]. 
Sonographically, they appear as multiple, small 
(2–3 mm), non-shadowing, echogenic foci found 
within the testicular parenchyma, defi ned as the 
presence of ≥5 echogenic foci per transducer 
fi eld in one testicle. There occasionally may be a 

comet tail artifact, which is a form of reverbera-
tion artifact seen on grayscale ultrasound of the 
highly refl ective object characteristic of microli-
thiasis (Fig.  17.13 ).

       Cryptorchidism 

 The incidence of cryptorchidism is about 3 % 
at birth and is more common in premature 
infants and males with Down’s syndrome. But 
by age 1 year, approximately 2/3 of these testes 
will descend leaving 0.8–1 % of boys requir-
ing management, typically surgical. The inci-
dence of infertility increases when both testes 
are undescended, when either or both testes 
are intra- abdominal, and when there is delay 
in providing descent. After age 2 years, degen-
erative changes can be seen histologically. In 
addition, the risk of malignancy is also noted 
to be higher in cryptorchid testes, and this may 
improve when early orchidopexy is performed. 
The undescended testicle is usually smaller 
from the descended one found in the inguinal 
canal or pelvis adjacent to the urinary blad-
der. The judicious use of imaging for localiza-
tion should be employed as most testes that 
are beyond the internal inguinal ring should 
be palpable, except, perhaps the use of ultra-
sound in the obese child. MR is expensive and 
does not carry 100 % accuracy thus not pre-
cluding subsequent surgical management. If 

  Fig. 17.13    Microlithiasis. Punctate hyperechoic areas 
are noted primarily in the superior portion of this right 
testis. Microlithiasis may be present diffusely in the testis 
or more localized as in this case       
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the undescended testis is detected, it is smaller 
than expected and hypoechoic compared to its 
partner (Fig.  17.14 ). An image of the medias-
tinum testis can serve to distinguish it from 
the surrounding lymph nodes. Ultrasound is 
only indicated in cases of ambiguous genita-
lia [ 33 ]. On MR  coronal T1-weighted images 
may reveal the ovoid structure with low sig-
nal intensity of the gubernaculum or spermatic 
cord which can lead to the testes. T2-weighted 

images will reveal a hyperintense testis located 
in the abdomen or pelvis (Fig.  17.15 )

        Lymphoma/Leukemia 

 Infi ltrative malignancies such as lymphoma or 
leukemia may show enhanced vascularity that is 
similar in pattern to that of orchitis, and therefore 
the clinical history is of utmost importance in these 
cases. Leukemic infi ltration of the testicle appears 
as gross enlargement and diffuse hypervascular-
ity. These pathologies can rarely present initially 
with testicular fi nding, and therefore a high index 
of suspicion must be maintained. Sonography will 
show a diffusely hypoechoic enlarged testis or one 
with multifocal hypoechoic regions (Fig.  17.16 ). 
The process may be bilateral. The testicles are 
notably a privileged site due to the testis-blood 
barrier, and therefore recurrence of leukemia 
is possible posttreatment as chemotherapeutic 
agents do not cross the barrier effectively [ 34 ]. 
On MRI, one may see similar fi ndings of diffuse 
replacement of the testicle by infi ltrate by tumor, 
with iso- to hyperintensity on T1-weighted and 
hypointensity on T2-weighted images [ 6 ].

  Fig. 17.14    Cryptorchidism. Imaging for an undescended 
testis may be effective in select cases. Ultrasound may 
identify ( left ) a testis in the inguinal canal in obese chil-
dren as an oval homogenous structure that appears very 
different from the surrounding muscle and fat. MR may 
be useful in the case of a non-palpable testis       

  Fig. 17.15    Cryptorchidism. MR may be helpful in identi-
fying an intra-abdominal testis. On these T2-weighted 
axial ( left ) and coronal ( right ) images, the hyperintense 

ovoid structure is an undescended testis ( red arrow ) located 
lateral to the right psoas muscle and adjacent to the mid-
ascending colon within the mid-retroperitoneal abdomen       
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       Masses 

 Sonograms are commonly used to characterize a 
testicular mass suspected on physical exam due 
to the high sensitivity of the test, its availability, 
and low cost. However, imaging is rarely diag-
nostic as to the type of tumor and the associated 
prognosis, which is usually obtained after orchi-
ectomy and pathological analysis. Some patients 
with certain risk factors such as contralateral tes-
tis cancer will have periodical testicular scans to 
detect masses early, even before the mass is pal-
pable, as sonography can detect masses 3–5 mm 
in size. Patients with a history of an undescended 
testicle are at increased risk of developing a 
malignancy later in life, and some patients may 
elect to undergo annual sonography for early 
detection of a tumor, particularly if the position 
of the testicle was not corrected or corrected after 
infancy. The incidental fi nding of microlithiasis 
in an otherwise normal testis may prompt some 
practitioners to initiate yearly surveillance for the 

development of testicular germ cell neoplasia, 
although this association is controversial. 

 A testicular mass in a prepubescent child is 
more likely to be benign, where as a postpubes-
cent child with a testicular mass is highly suspi-
cious for a malignant tumor. Therefore, the 
clinical history is very important in establishing a 
diagnosis, as many tumors may appear similar on 
imaging. In general, the larger the mass, the more 
vascularized it appears on color Doppler imaging. 
It is important to note that sonography is not diag-
nostic for the type of malignancy, and therefore an 
excisional biopsy or orchiectomy is warranted.  

    Malignant Germ Cell Tumors 

    Seminoma 

 Seminomas are the primary testicular malignancy 
in the postpubertal population and are not found 
in the prepubescent population. Sonography may 

  Fig. 17.16    Transverse and sagittal images of the scrotum in a child with acute lymphoblastic leukemia. In this case 
there is enlargement of both testes with patchy areas of decreased echogenicity and increased color Doppler fl ow       
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show single or multiple solid hypoechoic masses 
with homogeneous echotexture. They are usually 
well circumscribed with lobular margins and are 
highly vascular. Large masses may cause diffuse 
testicular enlargement [ 35 ]. On MR, seminomas 
are also homogeneous and usually hypointense to 
the normal testicular parenchyma on T2-weighted 
imaging and isointense on T1 [ 6 ,  8 ] (Fig.  17.17 ).

       Nonseminomatous Germ Cell Tumor 

 In the prepubescent population, yolk sac (endoder-
mal sinus) tumors are the predominant malignant 
fi nding. The mean age of diagnosis is 18 months. 
AFP is elevated in these tumors, which assists 
with diagnosis as well as response to treatment 
and long-term follow-up. These lesions are char-
acterized by central necrosis and high degree of 
vascularity. They may simply enlarge the testicle 
without a discrete mass. Benign teratomas are 
probably equally as prevalent as yolk sac tumors 

(Fig.  17.18 ). They appear as heterogeneously 
hypoechoic masses with internal calcifi cations on 
US. In the postpubescent population, malignant 
testicular tumors can include choriocarcinoma, 
malignant teratoma, and embryonal carcinoma 
and appear as hypoechoic heterogeneous solid 
masses (Fig.  17.19 ). They may contain cystic 
spaces or densely echogenic foci that result from 
internal scarring, calcifi cation, or cartilage [ 32 ]. 
On MR, nonseminomatous tumors are usually 
heterogeneous due to their mixed histology. Areas 
of increased signal intensity can indicate necrosis 
or hemorrhage which is often seen in this type of 
malignancy [ 6 ]. They are usually hypointense on 
T2 and iso- or hyperintense on T1 [ 8 ].

        Sex Cord-Stromal Tumors 

 These are rare tumors that have low malignant 
potential, including Sertoli and Leydig cell 
tumors. Recently there have been increasing 

  Fig. 17.17    Germ cell 
tumor found in the right 
testis. The ultrasound 
showed a relatively 
homogeneous and well- 
circumscribed mass causing 
enlargement of the testis. 
Similar fi ndings are seen on 
the axial and coronal images 
of the T1-weighted MR       
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reports of incidentally detected benign tumors, a 
phenomenon which could be explained by 
improved imaging techniques and the increase in 
their use [ 36 ,  37 ]. Approximately 25 % of Leydig 
cell tumors occur before puberty and may be 

found on workup for precocious puberty or gyne-
comastia. Sonographically they appear as a small, 
hypoechoic, nonhomogeneous nodule with vas-
cularity. Since they are benign in 90 % of cases, 
partial orchiectomy is advocated (Fig.  17.20 ).

  Fig. 17.18    Ultrasound of the testes demonstrates the mass in the right testis with large hypoechoic areas of necrosis 
and vascularity. The pathologic diagnosis was a benign teratoma       

a

b

  Fig. 17.19    Imaging    studies of a palpable testicular mass 
are useful to characterize the testis tumor and for staging 
purposes. The pathologic type requires histologic analy-
sis. ( a ) Choriocarcinoma seen on ultrasound as a mainly 

solid mass with hypoechoic areas (possible necrosis) and 
hypervascularity on Doppler. ( b ) CT demonstrates meta-
static disease to the lung and retroperitoneal lymph nodes       
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   Sertoli cell tumors are found in young men 
and are usually benign. Sonographically they 
have increased echogenicity and a characteristic 
“spoke-wheel” multicystic appearance. 
Occasionally they contain calcifi ed areas. Sertoli 
cell tumors have rarely been characterized on 
MRI; they are described as having a variable 
appearance and therefore not a recommended 
diagnostic modality [ 6 ].   

    Benign Intratesticular Tumors 

    Simple Cysts 

 As elsewhere, cysts are benign, anechoic, well- 
circumscribed lesions that may be found arising 
from the tunica albuginea around the testicle or 
from within the testicle (Fig.  17.21 ). These cysts 
appear as most of these cysts are not palpable and 
are encountered on ultrasound performed for 
other reasons. In the absence of symptoms, these 
cysts do not require treatment.

       Adrenal Rests 

 Testicular adrenal rests tumors (TART) are found 
in patients with congenital adrenal hyperplasia 
with 21-hydroxylase defi ciency. These are benign 
lesions that may be implicated in infertility either 
due to a paracrine effect or due to compression of 
seminiferous tubules. Sonographically these are 

hypoechoic lesions located in the rete testis (near 
the mediastinum) (Fig.  17.22 ). A study by Cakir 
et al. attempted to assess the prevalence of TARTs 
in males with CAH. Sonography of 14 CAH 
patients detected 2 (14 %) with TART [ 38 ]. 
Another study by Poyrazoglu et al. detected 
TART in 9/41 (22 %) patients with CAH [ 39 ].

       Epidermoid Cysts 

 These are benign intratesticular lesions, with a 
variable appearance that is related to the ratio of 
keratin versus calcium. They are associated with 
the sonographic fi nding of laminated “onion 
skin” appearance, surrounded by a hypoechoic or 
echogenic rim; however, this classic fi nding is 

  Fig. 17.20    An intratesticular cyst is noted on this transverse ultrasound image. There classic features of a simple cyst 
are present: imperceptible wall, absence of septations, smooth contour, and through transmission. These are benign       

  Fig. 17.21    Adrenal rests. Hypoechoic lesions are seen 
bilaterally in the rete testes of this child with 
21- hydroxylase defi ciency       
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present only in a minority of cases. Epidermoid 
cysts uniformly lack color fl ow on Doppler ultra-
sound (Fig.  17.23 ). Real-time elastography 
shows that these cysts are hard (blue) [ 40 ]. On 
MR imaging, the T2-weighted sequence demon-
strates a lesion with increased signal intensity 
with or without low-intensity signal and sur-
rounded by a low-signal rim. On T1 sequence, 
there is lack of enhancement [ 41 ].

       Leydig Cell Hyperplasia 

 This condition may be the underlying cause for a 
child presenting with precocious puberty. The tes-
ticular parenchyma contains hyperplastic subcen-
timeter nodules that are usually multiple and 
bilateral. They are reported to have a variable 

sonographic appearance, and therefore a scrotal 
ultrasound is nondiagnostic when the clinical sus-
picion of Leydig cell hyperplasia is present. MRI 
is the preferred radiological modality for this 
entity. On T2 MR imaging these are small hypoin-
tense nodules that are contrast enhancing [ 42 ].   

    Paratesticular Masses 

 The paratesticular space includes the epididymis 
and the spermatic cord, as well as the investing 
tunica vaginalis. Pathological conditions in the 
paratesticular are rare and can be benign or 
malignant, where the benign conditions are more 
common. Paratesticular masses are further 
divided into solid and cystic lesions, all of which 
can be evaluated sonographically. Benign masses 
are usually slow growing and may not generate 
symptoms. 

    Benign Lesions 

 Spermatoceles and epididymal cysts are benign 
lesions that represent the most common causes of 
paratesticular pathology. Clinically, the patient 
may be completely asymptomatic or can present 
with a scrotal mass or induration, which is gener-
ally painless (Fig.  17.24 ).

   The epididymal cyst is usually a simple cyst 
without internal echoes that contains serous 
fl uid. Rarely, they are found to contain septations 
and calcifi cations. Some patients present with 

  Fig. 17.22    Epidermoid cyst. There is a well-circum-
scribed lesion in the left testis with “onion skin” appear-
ance of the layers of keratin associated with epidermoid 

cysts. These benign lesions are amenable to testis-sparing 
surgery with enucleation of the lesion       

  Fig. 17.23    Leydig cell tumor in a prepubertal male with 
gynecomastia. The ultrasound features include its small 
size, hypervascularity, and hypoechoic       
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a  multiplicity of cysts and may be found in the 
appendix testis or appendix epididymis. The sper-
matocele is a sperm containing outpouching of 
the epididymis, usually at the level of the epidid-
ymal head. It can be differentiated from the epi-
didymal cysts by the low level of internal echoes. 
Furthermore, it has a thin wall and is  generally 
less taut appearing relative to the epididymal cyst 
[ 43 ,  44 ]. In a review of all scrotal sonograms 
done over an 8-year period, 14.4 % of patients 
had epididymal cysts, questioning the prevailing 
notion that this is a rare condition. Those were 
more common in the older pediatric population 
(35 % in children over age 15) and more common 
in children with larger testicles [ 44 ]. 

 Paratesticular lipomas, which are found along 
the spermatic cord, and adenomatoid tumors, 
which arise from the epididymis, are benign masses 
that may be found in the scrotum. They are homo-
geneous and lack internal echoes or vascularity on 
ultrasound. MR imaging of a lipoma demonstrates 
the presence of fat. Fat suppression sequences can 
differentiate this entity from hematomas or a pro-
teinaceous cyst. Adenomatoid tumors are the most 
common benign lesion in young adults, comprising 
about 30 % of all paratesticular tumors [ 45 ]. 
Sonographically, they are homogeneous round or 
oval lesions, without increased vascularity. They 
may have a rim of granulation tissue that is better 
defi ned on MR imaging with avid enhancement. 

 Epididymal cystadenomas are prevalent in 
patients with von-Hippel-Lindau, as syndrome in 

which patients are mainly affected by multiple 
bilateral clear cell renal tumors. The spectrum of 
clinical manifestations of the disease is broad and 
includes retinal and central nervous system 
hemangioblastomas, endolymphatic sac tumors, 
renal cysts and tumors, pancreatic cysts and 
tumors, pheochromocytomas, and epididymal 
cystadenomas.  

    Malignant Lesions 

 Malignant extratesticular tumors are very rare. 
They appear as solid, heterogeneous, hypoechoic 
masses sonographically due to internal hemor-
rhage and necrosis [ 35 ]. Frequently, they have 
signifi cantly increased Doppler fl ow [ 43 ]. A 
malignancy is suspected in cases of a poorly 
defi ned solid mass with indistinct borders 
(Fig.  17.25 ). Sarcomas of the spermatic cord are 
the most common malignant extratesticular 
scrotal tumor. In the pediatric population a rap-
idly growing extratesticular tumor is suspicious 
for a rhabdomyosarcoma, while leiomyosar-
coma and liposarcoma are usually found in the 
older population. Mesothelioma and lymphoma 
are other possible extratesticular malignancies. 
MR imaging helps in staging as it defi nes the 
location and extent of these tumors and their 
content [ 8 ].

  Fig. 17.24    Epididymal cyst. Well-circumscribed 
hypoechoic lesions in the epididymis or superior to the 
testis may represent a spermatocele or an epididymal cyst. 
Both lesions are benign and surgery is rarely indicated       

  Fig. 17.25    Paratesticular rhabdomyosarcoma. Ultra-
sound images from a boy presenting with a hard scrotal 
mass. The mass is heterogeneous with indistinct borders 
which makes it diffi cult to determine if it arises from the 
testis. The pathology demonstrated a paratesticular 
rhabdomyosarcoma       
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           Introduction 

 Pediatric interventional radiology (IR) uses the 
continuously evolving cross-sectional imaging 
techniques of modern radiology to both diag-
nose and, when indicated, provide percutane-
ous access to virtually any body part. There 
has been a long-standing relationship between 

urologists and interventional radiologists as both 
specialties have harnessed these techniques to 
provide minimally invasive access and therapies. 
Essential to the growth of both specialties were 
improvements in cross-sectional imaging includ-
ing ultrasound (US) and computed tomography 
(CT), the creation of devices appropriate for chil-
dren, and the drive for more cost-effective and 
minimally invasive techniques [ 1 ,  2 ]. Minimally 
invasive techniques have revolutionized medi-
cine and pediatric practice in recent years, 
mainly because of perception that they are safer 
[ 2 ]. Interdisciplinary collaboration has led to the 
development of new techniques and refi nement 
of procedures adopted from adult practice [ 1 ]. 
The aim of this chapter is to discuss the imaging 
of the clinical entities of the genitourinary tract 
in children and adolescent patients specifi cally 
regarding interventional radiology. 

 Treating a child instead of an adult requires a 
specialized set of skills and knowledge, as ana-
tomical structures are more fragile and disease 
processes vary widely from newborn to adoles-
cent. Imaging of the kidney and urogenital tract 
in infancy requires dedicated imaging techniques 
and specifi c knowledge as well as training of the 
radiologist. New knowledge and understanding 
of the pathophysiology and the natural course of 
many neonatal conditions have altered manage-
ment approaches requiring adaptation of imaging 
algorithms [ 3 ]. Technical success at minimal risk 
can be achieved in even the smallest patients by 
modifying the equipment and by attending to the 
special needs of the pediatric patient [ 3 ]. This 
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chapter should educate the reader as to the prin-
ciples of each imaging modality and the tech-
niques of the specifi ed procedures regarding the 
clinical entities encountered in pediatrics.  

    Care of the Child in Interventional 
Radiology 

 Just like in an OR, pediatric patients demand spe-
cial treatment for radiologic and urologic diag-
nostic and therapeutic studies. Although most IR 
procedures will require sedation, allowing the 
parents to accompany the patient into the room 
for a minor procedure or prior to sedation helps 
to reassure the child and parent that all will be 
well. Child life therapists can reduce stress and 
eliminate the need for sedation in some cases. 
Attention to the environment includes child- 
friendly room designs, colors, and lighting. It is 
especially important to keep a child warm during 
the procedure, even if it makes the staff and phy-
sicians sweat. Warm blankets may be enough for 
a short case, but longer cases require use of an 
external patient warmer.  

    Anesthetic Considerations 
in the Pediatric Population 

 A sedation protocol is essential to establish a suc-
cessful pediatric interventional practice. Both 
conscious sedation and general anesthesia may 
be used, and many factors infl uence the choice 
between the two. In healthy patients, sedation 
can be easier, faster, and more cost-effective than 
general anesthesia. Since the majority of pediat-
ric IR is inpatient where patient care needs 
demand same day service, sedation allows much 
greater fl exibility in scheduling and triaging 
cases. Nevertheless, anesthesia is necessary for 
critically ill patients, when the procedure is 
expected to be lengthy or painful, or for patients 
with a history of failed sedation. 

 Pediatric radiologists need sedation for many 
patients who are too young or unable to cooper-
ate with a procedure. This became especially 
important when computerized tomography (CT) 
fi rst arrived, because scan times were long for 
that revolutionary new imaging technique. When 

MRI arrived a decade later, sedation became 
even more essential for procedures that routinely 
lasted 45 min or more and required patients to be 
motionless throughout a 20 min scan sequence. 
Similarly, there was increasing need for sedation 
as more pediatric patients required IR proce-
dures. Most pediatric radiology departments 
developed their own sedation systems, as anes-
thesiologists had little time or interest in proce-
dures outside the OR. Initially, the fi rst-line 
sedation drug was chloral hydrate in doses from 
50 to 75 mg/kg as advocated by Kaye et al. for 
children 3 months to 1 year of age [ 4 ,  5 ]. 
Although chloral hydrate was popular for many 
years, it required doses far in excess of the 
25 mg/kg recommended by the manufacturer, 
and even then it was not reliable enough for pro-
longed IR procedures or MRI exams, and fre-
quently patients slept for hours since the active 
agent was alcohol. Strain et al. popularized the 
use of IV Nembutal alone, but again patients 
might sleep for hours. Others began to use com-
binations of sedatives, such as a combination of 
intravenous pentobarbital sodium (Nembutal) 
2–3 mg/kg, fentanyl citrate (Sublimaze) 1microg/
kg, and midazolam (Versed) 0.05 mg/kg [ 4 ]. 
Some of these medications may be given intra-
muscularly, orally, or even nasally if needed. 
Combinations of pentobarbital fentanyl and 
diazepam (Valium) or midazolam can be used in 
various combinations with excellent results, 
sometimes in combination with ketamine. 
Although modern CT scanners are so fast that 
the need for sedation has been all but eliminated, 
MRI remains dependent on an effective sedation 
system for almost all patients under 6–8 years of 
age, and IR needs sedation for most pediatric 
procedures. 

 Over the past 15 years, the JCAHO has gradu-
ally insisted that overall responsibility for 
hospital- based sedation programs be under the 
department of anesthesia. As a result, most seda-
tions for pediatric radiology imaging and inter-
ventional procedures are now provided by 
anesthesiologists. Skilled and experienced pedi-
atric nursing support is still essential to assure 
that patients are appropriately triaged prior to 
arrival in IR and properly transported to and from 
IR and that nursing care is maintained during 
their stay in IR. Since the patients and the case 
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mix in pediatric IR are much different than adult 
IR, dedicated pediatric IR technologists are also 
important.  

    Image Gently and Radiation 
Exposure 

 Diagnostic radiology is indispensible for diag-
nosing pediatric genitourinary abnormalities, 
infl uencing treatment courses, and positively 
impacting patient outcomes. However, the pedi-
atric population presents unique challenges when 
compared to their adult counterparts. As the popu-
lation exposure to radiation from medical sources 
grows, there is increasing concern for children as 
their tissues are thought to be more sensitive to the 
effects of radiation, their internal organs receive a 
greater effective dose for a given radiation level, 
and they have a longer lifetime for a radiation-
related malignancy to manifest. Furthermore, the 
cancer risk from radiation is thought to be cumu-
lative over a lifetime—each subsequent radio-
graph, CT, and fl uoroscopy study contributes to 
the lifetime exposure and possibly total risk to a 
child since many of the radiation-induced cancers 
will not manifest for decades [ 6 – 8 ]. 

 On January 22, 2008, the Alliance for 
Radiation Safety in Pediatric Imaging launched 
the “Image Gently” campaign to “change prac-
tice by increasing awareness of the opportunities 
to promote radiation protection in the imaging of 
children.” This campaign formalized the efforts 
of many pediatric radiologists to reduce radiation 
exposures to children. Although initially focused 
on trying to prevent the use of adult CT radiation 
dose settings for pediatric CT, the campaign now 
includes efforts in all aspects of pediatric imag-
ing, including plain fi lms, fl uoroscopy, nuclear 
medicine, and IR. 

 CT is the major source of radiation from medi-
cal imaging to both children and adults. CT repre-
sents approximately 5 % of all medical imaging, 
but accounts for 40–67 % of overall radiation 
exposure. The utilization of CT has increased in 
part because the continued improvements in mul-
tidetector scanners have decreased acquisition 
times and improved spatial and temporal reso-
lution, making the imaging of more acutely ill 
and less cooperative pediatric and adult patients 

 possible without the need for sedation [ 6 ,  7 ]. 
Initial studies found children being exposed to 
doses as high as 10–15 mSv per minute, equiv-
alent to 200–300 chest x-rays, for a single CT 
scan. State of the art CT scanners can be adjusted 
by concerned radiologists to provide acceptable 
image quality at radiation doses lower than 20 
chest x-rays. Manufacturers are now focusing 
on reducing dosage for both adults and chil-
dren. Additionally, radiologists should minimize 
the use of multiphase scans (i.e., pre- and post- 
contrast or delayed-phase images), as they rarely 
add additional benefi t to a single phase scan, but 
can double or triple the radiation dose [ 8 ]. 

 Fluoroscopy can deliver doses as high as 
5 mSv per minute (100 chest x-rays) in a heavy 
adult or child, although normal doses are much 
lower. C-arms are less powerful and usually 
deliver 2 mSv per minute in continuous fl uoros-
copy mode which is 30 pulses of radiation per 
second. There are several techniques that can 
reduce that dose. First, pulsed fl uoroscopy modes 
will allow reduction of the pulse rate as low as 2 
pulses per second on some machines. The radi-
ologist or urologist should ask the technologist to 
reduce the rate as low as tolerable to still ade-
quately visualize the anatomy, contrast, or 
device. Eight pulses per second is a standard set-
ting on many C-arms when set in pulsed mode, 
almost a quarter of the radiation of continuous 
fl uoroscopy on the same machine. Second, con-
ing down the fi eld-of-view to the area of interest 
limits the amount of radiation exposure. Third, 
keeping the image intensifi er as close as possible 
to the patient reduces dose to the patient and 
scatter to the operators. Lastly, it is important to 
not let a well-intended lead shield be in the radia-
tion beam, as the machine automatically increases 
the dose in an attempt to penetrate the lead. 

 Although radiographs and nuclear medicine 
are both much lower in dose than CT or fl uoros-
copy, it is still important that the pediatric radi-
ologist and technologist pay attention to 
techniques to minimize the dose. 

 Overall, the best way to reduce dose from 
diagnostic testing is to simply not do the test at all 
or to substitute ultrasound or MRI when possible. 
The Image Gently website (  www.imagegently.
org    ) offers a wealth of information for physi-
cians, technicians, and families.  
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    Choice of Imaging Modalities 

    Ultrasound and Fluoroscopy 

 Ultrasound provides excellent visualization of 
the urinary tract and retroperitoneum in both 
adults and children, although visualization 
becomes more diffi cult as body size increases. 
Still, ultrasound provides “real-time” continuous 
and radiation-free visualization of a needle as it is 
directed toward the kidney or bladder. As a gen-
eral rule, the best visualization comes from the 
highest possible frequency transducer. 
Unfortunately, the physics of US dictates that 
penetration and resolution are inversely related, 
so larger patients will require lower-frequency 
higher-penetration transducers with lower resolu-
tion [ 9 ]. Ultrasound guidance is employed for 
percutaneous nephrostomy, renal biopsy, renal/
retroperitoneal abscess drainage, access for ure-
teral stenting and drug instillation, cyst aspira-
tion, and suprapubic cystostomy. 

 Fluoroscopy has shifted to a more comple-
mentary role with ultrasound for image-guided 
access with the endorsement of the ALARA prin-
cipal (as low as reasonably achievable) for radia-
tion exposure in children. Once access has been 
achieved under US, fl uoroscopy becomes the 
major guidance modality. With a C-arm, the 
quality of the components of the “imaging chain” 
(the x-ray tube, the image intensifi er that converts 
the x-rays to an image, the video camera that 
views the image intensifi er, the computers that 
manipulate the image information, and fi nally the 
monitor that display the image) are all lower res-
olution than a full size IR room. In addition, the 
“generator power” that drives the x-ray tube is 
signifi cantly less with a C-arm. That’s why the 
image in a catheterization laboratory or IR suite 
is much better than a standard C-arm, especially 
for small catheters and wires in small kidneys 
and ureters. As patient sizes increase, the C-arm 
also struggles because it doesn’t have the same 
penetrating power as a full size room. C-arm 
manufacturers can use image smoothing and 
frame averaging to improve the image in adults 
where most objects are larger and don’t move 
very much. But in children these same processing 
techniques blur the image and make it diffi cult to 

see small wires and catheters, so most pediatric 
IR would prefer to use the IR suite for every pro-
cedure, if at all possible.  

    Magnetic Resonance Imaging 

 Over the past decade, there have been continuous 
improvements to MRI imaging, especially in the 
body, so evaluation of the kidney and retroperito-
neum with MRI has become more popular [ 10 ]. 
MRI provides superb soft tissue detail and multi-
planar imaging with no radiation. Magnetic reso-
nance urography creates both superb imaging 
and some functional measurements using a pre-
cise hydration and imaging algorithm. 

 Use of MRI for guidance for IR procedures is 
an emerging fi eld as devices and needles appropri-
ate for MRI continue to be developed. It provides 
unequaled soft tissue visualization and resolution 
without radiation, but access to the patient inside 
the magnet and imaging coils remains problem-
atic. Currently, its greatest use is in the adult popu-
lation as a guidance modality in ablative therapies 
for renal malignancies. Primary disadvantages of 
MR are its susceptibility to motion, high cost, 
scanner limitations on procedural manipulations, 
the need for MR compatible equipment, and lim-
ited availability [ 10 ]. Still, if the lesion, most 
likely a small tumor or cyst in the kidney or retro-
peritoneum, can only be seen by MRI, then MRI 
safe devices are available to allow needle place-
ment in MRI. In the future, MRI will likely play 
an increasing role in IR and urologic procedures. 

    Computed Tomography 
 The GU tract is the second most common injured 
organ system in a child. CT is the imaging modal-
ity of choice for evaluation of abdominal trauma 
because multidetector CT (MDCT) provides 
improved spatial resolution and multiplanar 
reconstructions that give clear images of the 
entire abdomen and pelvis with near instanta-
neous acquisition speeds. It is also used when 
there is a strong suspicion of urolithiasis, infec-
tion, or masses that are not well demonstrated on 
ultrasound [ 11 ]. 

 CT as a guidance modality is much less 
 commonly used in children because of its high 
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radiation dose relative to US or fl uoroscopy. 
Still, as patient size increases with adolescence, 
ultrasound becomes more limited. CT is helpful 
for indications such as renal or retroperitoneal 
abscess drainage or ablation procedures. 
Although many modern CT scanners have “CT 
fl uoroscopy” capabilities, they are much higher 
dose than conventional fl uoroscopy. In addition, 
CT fl uoroscopy only provides “real-time” imag-
ing of a single slice or two of the patient. As a 
result, it is cumbersome to try to place a guide-
wire or catheter into a small space with CT 
guidance alone. Still, CT can be essential for 
imaging a small structure in a large patient that 
can’t be well demonstrated by ultrasound. 
Disadvantages are, again, radiation exposure 
and high cost [ 8 ].    

    Urinary Tract Interventions 

    Evaluation of the Hydronephrotic 
Kidney and Ureter 

 Although nuclear medicine renography with 
furosemide is easy to perform, results in a dilated 
collecting system can be unreliable, even if care 
is taken to make sure the patient is adequately 
hydrated and the bladder is drained. Indeterminate 
results can leave the radiologist and urologist 
uncertain whether obstruction is playing a role in 
the deteriorating function of a kidney, especially 
kidneys that have been previously operated on for 
UPJ or UVJ obstruction (Figs.  18.1  and  18.2 ). 
Intravenous pyelography rarely provides suffi -
cient visualization of structures in a dilated col-

  Fig. 18.1    A 2 ½-year-old with a history of “megaureter” being followed for upper tract dilation. There is signifi cant 
progression of left-sided dilation between September 30, 2008 ( top ), and February 23, 2009 ( bottom )       
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lecting system because of the large amount of 
unopacifi ed urine in the collecting system. 
Antegrade pyelography, or direct injection of 
more radiopaque contrast into the kidney, allows 
detailed visualization of the dilated collecting 
system. Use of a C-arm allows visualization of 
the point of narrowing from multiple angles, and 
use of a higher-resolution angiographic room 
provides even better imaging.

       The Whitaker Test 
 The classic Whitaker test combines a urodynamic 
study with an antegrade pyelogram to differenti-
ate patients with residual or recurrent obstruction 
from nonobstructive dilation secondary to mus-
culature changes. The Whitaker is performed by 
percutaneous puncture of the renal pelvis with or 
without placement of a nephrostomy tube. The 
upper tract is then perfused at rate of 5, 10, and 
15 ml/min with saline or dilute contrast, while 
serial pressures are monitored in the renal pelvis 
and bladder. Obstructed systems will have a pro-
gressive rise in renal pelvis pressure above 12 cm 
H 2 0, while nonobstructed systems will tolerate 
the increased volumes without rise in pressure 

[ 12 ]. Today, the Whitaker test is performed far 
less frequently than in the past, as other less inva-
sive testing has become available for defi ning 
renal obstruction. The Whitaker antegrade pres-
sure fl ow study is an invasive procedure with sig-
nifi cant limitations, especially in infants whom 
normal data has not been established [ 13 ]. Still, 
the combination of a detailed antegrade pyelo-
gram with direct pressure measurements can be 
helpful in problem cases (Fig.  18.3 , for Whitaker 
study images on same infant presented in 
Figs.  18.1  and  18.2 ).

       MR Urography 
 MR urography has emerged over the past decade 
as an effective, noninvasive method for the evalu-
ation of obstructive uropathy in the pediatric 
patient. MR urography combines excellent spa-
tial resolution and high temporal resolution as it 
tracks the passage of contrast through the kidney 
giving both excellent anatomic and functional 
information in one exam without exposing the 
patient to ionizing radiation. Using a three- 
dimensional sequence to follow contrast through 
the kidneys, it is possible to calculate the renal 

  Fig. 18.2    DTPA renogram with furosemide at 20 min shows slow uptake and excretion bilaterally. The slope of the 
curve is fl atter on the  left . Does this mean obstruction?       
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transit time (RTT) which is defi ned as the amount 
of time between the appearance of contrast mate-
rial in the kidney and its appearance in the ureter 
at or below the level of the lower pole of the kid-
ney. A normal RTT is less than 245 s, and 
unequivocal obstruction is a RTT greater than 

490 s. The left to right or upper to lower pole dif-
ferential renal function can also be determined 
from the MR images with results comparable to 
renal scintigraphic studies. While the results 
between the two methods are comparable, MR 
urography has a signifi cant advantage secondary 

  Fig. 18.3    AP and lateral 
images from antegrade 
pyelogram show tight 
narrowing at the UPJ. The 
Whittaker test showed an 
opening pressure of 17 cm of 
water. Following 10 min at 
5 cc per minute, the pressure 
was approximately 35 cm of 
water. Following 10 min at 
10 cc per minute, the 
pressure fell to 22 cm of 
water, and did not change at 
15 cc per minute. This 
suggests signifi cant but 
compensated left UPJ 
obstruction       
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to its greater resolution, contrast, and rendering 
of three-dimensional anatomic detail. The pri-
mary disadvantages of MR urography are its 
requirement for extensive post-processing and its 
susceptibility to motion, often requiring con-
scious sedation or even general anesthesia in the 
pediatric population in order to minimize the 
motion artifact. High costs and limited availabil-

ity are other current disadvantages of MR utiliza-
tion. However, its advantages still far exceed its 
limitations, and MRU utilization will likely con-
tinue to because of its unique combination of 
functional imaging and high-resolution detail 
without any ionizing radiation [ 14 – 17 ] (Fig.  18.4  
is MR urogram for same infant discussed in 
Figs.  18.1 ,  18.2 , and  18.3 ).

a

c

b

  Fig. 18.4    Coronal T2 ( a ) and 3D ( b ) reconstructions show detail available on MRU. Thin slice lateral views of the left 
kidney show the narrowing of the ureter as it enters the pelvis, similar to the antegrade pyelogram ( c )       
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         Basic Techniques of Renal Access 
with Emphasis on the Child and 
Infant 

 The basic technique for renal access is the same 
in adults and children. In fact, it is much easier to 
visualize the infant kidney by US than in adults, 
because there is very little intervening soft tissue. 
Still, kidney sizes are very small, ranging from 
25 mm in a premature infant to 50 mm in a full- 
term infant. Even a hydronephrotic collecting 
system may be only a cm or two in diameter. In 
addition, the kidneys are very mobile in the infant 
and young child, tending to move away from the 
needle or especially the dilator or catheter if you 
are not careful [ 18 ]. 

 Just as in adults, it is not necessary for the 
patient to be completely asleep for a nephros-
tomy, just adequately sedated. Unlike adults who 
can cooperate if only partially asleep, most chil-
dren and infants become frightened, agitated, and 
uncooperative when they are lightly sedated. As a 
result, moderate to deep sedation is required, and 
many anesthesiologists feel it is safer to incubate 
small children who are moderately sedated.  

    Needle Placement and Antegrade 
Pyelography 

 Once the patient is adequately sedated, they are 
positioned either prone (for bilateral nephrosto-
mies) or partially on their side with the kidney 
needing access somewhat above the spine [ 19 ]. A 
preliminary US is helpful to locate the kidney 
and identify a safe access point and mark it on the 
skin. After standard sterile prep and drape, with 
the US in a sterile probe cover, after local anes-
thesia, an echo tip 22 G needle is advanced under 
US guidance into the kidney (Figs.  18.5  and 
 18.6 ). Like adults, use of a mid or upper pole 
calyx is recommended if ureteral access is 
planned. Generally, the needle can be well seen 
by US all the way into the kidney and calyx. If 
hydronephrosis is present, urine usually drips 
from the needle when the stylet is removed. A 
small amount of contrast is injected to demon-
strate the collecting system and the position of 

the needle in the kidney. If necessary, the needle 
can be repositioned using US or fl uoroscopy, or 
both [ 20 ]. Although an antegrade pyelogram can 
be performed with a needle only, we usually pre-
fer to place a small catheter or dilator to provide 
more fl exible and secure access.

        Nephrostomy Tube Placement 

 Once the needle is in place, a 60 cm 0.018 in. 
guidewire can then be advanced into the renal 
pelvis and ideally down the ureter. Generally, a 
stainless steel mandril or nitinol wire can be posi-
tioned, with the stainless steel wire offering the 
greatest stiffness for subsequent dilation and 
catheter placement. Occasionally, a 0.018 in. 
hydrophilic guidewire (Glidewire) may be needed 
to either coil in the renal pelvis or maneuver into 
the ureter, but this wire is both too long (150–
180 cm) and too fl exible to easily allow advance-
ment of dilators and the catheter. We routinely cut 
a Glidewire shorter, but this can leave a burr on 
the end making it harder to advance a dilator or 
catheter over the wire. Especially in infants, 
sequential dilation starting with a 4 Fr dilator is 
suggested, followed by a 5 or 6 Fr dilator or a 
“micropuncture” access kit allowing placement 
of a larger wire if needed, but larger wires are 
rarely helpful in small patients (Fig.  18.7 ).

  Fig. 18.5    Percutaneous access with needle to lower pole 
calyx is obtained       
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   For infant nephrostomies, a 5 or 6 Fr drainage 
catheter is suffi cient. Because the renal pelvis is 
small in an infant or child, use of a smaller loop 
catheter such as the Cook Dawson Mueller cath-
eter is preferred. Hopefully, the renal pelvis is 
large enough to allow the catheter to form, but 
this can be problematic, especially if the wire 
cannot be advanced down the ureter or coiled in 
the renal pelvis [ 21 ]. This is where a Glidewire 
can help because it will usually coil more easily 
in the renal pelvis. Use caution if you use a 
Glidewire with the small drainage catheters 
because the plastic coating can be torn by the 
internal metal stiffener, making deploying the 
catheter diffi cult or impossible. The 5 Fr drain 
and stiffener requires a 0.018 in wire, the 6 Fr a 

0.025in wire, and the 7 Fr a 0.032in wire. 
Generally, the 5 and 6 Fr catheters can be 
advanced over the 0.018in wire, while the 7 Fr 
will track better with a larger wire. This is where 
it becomes necessary to use a micropuncture 
access set to allow a larger wire. Still, we gener-
ally use only 5 or 6 Fr catheters in smaller patients. 

 The infant kidney can be pushed off the end of 
the guidewire by the dilator or catheter, espe-
cially if the guidewire could not be advanced 
down the ureter. Use of US to confi rm that the 
dilators and catheter are inside the collecting sys-
tem is frequently helpful because injecting con-
trast into a drain that is external to the collecting 
system makes it even harder to regain access 
[ 22 ]. In that situation, repuncture of the now 

  Fig. 18.7    Using Seldinger 
technique, dilator is passed 
over guidewire that was 
inserted through access 
needle       

  Fig. 18.6    Prone position of 
patient at time of percutane-
ous access is demonstrated. 
Ultrasound-guided access to 
kidney using micropuncture 
needle is obtained       
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decompressed collecting system under US is 
challenging but usually possible. Once the cath-
eter is in place, the catheter is secured with one or 
two nylon sutures and a secure dressing and 
drainage bag applied.  

    Nephroureteral Stent Placement 

 Although infant-sized “double J” stents are now 
available, it is sometimes easier or desirable to 
place a nephroureteral stent. This allows external 
drainage for a time to treat infection or renal fail-
ure. Once infection or renal failure has improved, 
the external portion of the catheter can be capped 
to allow internal drainage. This has the advantage 
of relatively easy placement at the time of initial 
nephrostomy as compared to the antegrade place-
ment of double J stents. In addition, it allows easy 
access for follow-up antegrade pyelograms to 
check ureteral stenosis or leak. Finally, it is easy 
to exchange these catheters should they become 
clogged, and it is usually easy to remove them at 
the completion of therapy. 

 Once renal access has been achieved, a guide-
wire is advanced down the ureter and hopefully 
into the bladder. If a UPJ or UVJ obstruction is 
present, or if there is marked ureteral tortuosity, 
use of an angiographic catheter and various 
guidewires may be needed. Once the wire is in 
the bladder, the UVJ, UPJ, or stricture can be 
dilated by angiographic catheter directly, or a 
coronary balloon advanced into position. Once 
the stricture is dilated as desired, the length of the 
ureter is measured by guidewire from the bladder 
to the renal pelvis. A standard drainage catheter 
is then modifi ed with additional side holes mea-
sured so that they are within the kidney and ure-
ter. This allows precise placement of the catheter 
so that excess catheter length in the bladder or 
kidney is not an issue. The modifi ed catheter is 
then advanced over the wire into the bladder. 
Careful contrast injection to make sure all of the 
side holes are in the renal pelvis is essential. The 
catheter is secured in place and a drainage bag 
attached. Once external drainage is completed, 
the catheter is capped. If the patient exhibits signs 
of infection or obstruction after discharge from 
the hospital, the family can reopen the drain to 

external drainage at home. This allows trials of 
capping on an outpatient basis. 

 When removal is needed, it is preferred to 
remove catheters under fl uoroscopy. Advance a 
guidewire down the catheter into the bladder to 
straighten the loop, and then remove the catheter 
and apply a dressing.  

    Antegrade Ureteral Stent 
Placement 

 Placement of a conventional double J (JJ) ure-
teral stent from above is also possible, although 
deployment of the catheter can be technically 
challenging, especially in a relatively non-dilated 
upper tract. Preferably, renal access is achieved 
into a mid or upper pole calyx. Placement of a 
small peel-away sheath helps to stabilize access 
to the kidney. A guidewire and catheter are 
advanced down the ureter and the ureteral length 
estimated with a guidewire. The conventional JJ 
stent can then be pushed down the guidewire into 
the bladder. Getting the proximal J to deploy 
properly can be challenging, and withdrawing 
the catheter back into the renal pelvis diffi cult, 
although the peel-away sheath allows the proxi-
mal string on the catheter to be withdrawn 
(Fig.  18.8 ). It is important to make sure the prox-

  Fig. 18.8    Successful antegrade placement of double J 
stent via percutaneous renal access       
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imal end of the stent is not left in the renal paren-
chyma because pain and bleeding may occur. 
The nephrostomy tube can be left in for a day or 
two, especially in an infected system. Removal 
of the stent can be done from above, but is usu-
ally done from the bladder. Reliable estimation 
of a JJ stent length is often obtained by utilizing 
the formula of 10 + age of patient = length of JJ 
stent in cm [ 23 ].

       Endopyelotomy/UPJ Balloon 
Dilation 

 Balloon dilation of the ureteropelvic junction in 
adults was fi rst described in 1982 and is now well 
established and commonly performed using a ret-
rograde approach by urologists. When retrograde 
catheterization of the ureter proves diffi cult, an 
antegrade approach via nephrostomy is employed. 
The complication rate of the procedure is low, 
and success rates up to 85 % have been reported 
[ 24 ]. Diagnosis of ureteropelvic junction obstruc-
tion in children is now frequently suspected on 
fetal ultrasound, but it may also remain unde-
tected until infection is detected. Later presenta-
tions may include pain, hematuria, or stone 
formation. DTPA renal scan with furosemide 
assesses the degree of impairment of renal func-
tion. It can then be treated by surgical pyelo-
plasty. However, a minimally invasive technique 
by balloon dilation may be used to treat as well, 
either retrograde via nephrostomy or antegrade 
via cystoscopy. This technique is also commonly 
used to treat restenosis after pyeloplasty, espe-
cially when there has been more than one attempt 
at surgical correction [ 24 ].  

    Percutaneous Nephrolithotomy 

 The incidence of urolithiasis in pediatrics varies 
worldwide with geography and socioeconomic 
factors, but stones occur in children of all ages 
without gender predominance. Overall incidence 
of appears to be increasing globally, likely 
refl ecting westernized lifestyle and dietary 
changes, including higher salt intake in processed 

food and decreased water consumption [ 25 ]. 
Anatomic abnormalities, urinary tract infections, 
and metabolic disturbances increase the risk for 
stone development, with hypercalciuria and 
hypocitraturia as most common metabolic risk 
factors [ 26 ]. 

 Renal calculi in neonates and younger chil-
dren are often diagnosed with ultrasound. 
Although location and presence of hydronephro-
sis can be accurately assess with this, 40 % of 
stones may be missed on ultrasound. Though 
computed tomography (CT) is more sensitive 
compared to ultrasound, concerns regarding radi-
ation exposure limit its use in young children. 
Typically, asymptomatic calculi incidentally 
found are followed with serial US or plain fi lms 
to minimize exposure. CT noncontrast is the 
diagnostic choice in older children, or younger 
children symptomatic with stone in which plain 
fi lms or US are nondiagnostic [ 27 ]. 

 Stones are treated conservatively, as long as 
pain is well controlled, the patient is tolerating 
liquids, and stone size is consistent with high 
chance of spontaneous passage. In cases of uri-
nary tract infection, signifi cant hydronephrosis 
with renal colic, or uncontrolled nausea and vom-
iting, a ureteral stent or nephrostomy may be 
placed to decompress the urinary system and 
allow resolution of edema before endourologic 
management is undertaken, usually 1–2 weeks 
later. 

 Percutaneous nephrolithotomy (PCNL) is 
indicated in children whose therapy with shock 
wave lithotripsy or ureteroscopy has failed and in 
those with anatomic abnormalities that impair 
urinary drainage and stone clearance, such as 
ureteropelvic junction obstruction, ureteroenteric 
anastomosis, previous ureterovesical surgery, 
infundibular stenosis, and caliceal diverticulae 
[ 28 ]. Special considerations in children include 
preserving renal development and function, limi-
tation of radiation exposure, and minimizing 
need for retreatment and, if the latter does become 
necessary in the future, to not limit or preclude 
any possible treatment options [ 29 ]. 

 The fi rst PCNL series was reported in 1985 
by Woodside et al. and included seven children 
with a mean age of 14 years, treated using instru-
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ments for adults with no signifi cant complica-
tions [ 30 ]. Unsal et al. compared the morbidity 
and success differences in use of adult versus 
pediatric-sized devices for PCNL for two groups 
of children, those less than 7 and greater than 
7 years old. Pediatric instruments were used in 
preschool children and children without dilated 
collecting systems and small stone burden, and 
adult instruments and techniques in older chil-
dren with dilated collecting systems achieved 
equal results. There was less postoperative 
bleeding if the degree of dilation was less. Small 
instrument size did not increase the operative 
time and resulted in the same success rates as 
adult-sized devices [ 31 ]. 

 Over time, many standardized adult stone 
treatment options have proven effi cacious and 
safe in treating children. With age no longer a 
limiting risk factor, recent reports have shown 
that almost any version of PCNL can be applied 
safely in children as well. The Clinical Research 
Offi ce of the Endourological Society (CROES) 
presented retrospective data review of 24 centers 
treating children under age of 14 years old, dem-
onstrating the differences between pediatric age 
groups (<1 year old infants, 1–4 years old pre-
school children and 5–14 years old school age 
children) and adults in the indications, complica-
tions, and outcomes of treatment with PCNL. 
The preferred method for determining postopera-
tive stone-free status was ultrasound in preschool 
children over KUB abdominal x-ray in school 
age children and adults (>15 years old). Although 
there were no signifi cant differences between the 
age subgroups for operative details, the mean 
sheath size and nephrostomy tube size were 
larger in school age children compared to younger 
subgroups [ 32 ]. 

 PCNL procedure is performed under general 
anesthesia, with antibiotic prophylaxis after pre-
operative urinary cultures demonstrate sterile 
urine. The patient is initially placed in the lithot-
omy position for stent or catheter placement, and 
a retrograde pyelogram is performed to outline 
the collecting system. The patient is then reposi-
tioned in the prone position. The desire calyx is 
the selected, either by ultrasound guidance or 
under fl uoroscopy using biplane orientation—the 

ideal tract provides the shortest most direct access 
to the stone. After access is confi rmed, a fl exible 
guidewire is then placed into the collecting sys-
tem and directed down the ureter into the bladder. 
A small skin incision is made with a No. 11 
blade, and then coaxial dilators, 8F and 10F, are 
passed into the collecting system. Next an 
Amplatz Super Stiff guidewire is placed as the 
working wire, the previous wire clamped to the 
drape and saved as safety wire. Serial dilators, a 
balloon dilator, or a small peel-away sheath and 
trocar are placed over the wire into the calyx 
under fl uoroscopic guidance (Figs.  18.9  and 
 18.10 ). Once adequate dilation has been achieved, 
depending on the size of the sheath, rigid or fl ex-
ible nephroureteroscopes can be employed to 
identify the stone, and working ports within the 
scopes are used to pass either lasers or litho-
tripters to break up the stones. Fragments are 
then removed by irrigation or stone basketing. 
The outer diameter of nephroscopes range from 
17 to 26F, and fl exible nephroscopes are 15F with 
6F working channel. Offset cystoscopes 7 and 8F 
with 5F working ports can also be used. Flexible 
ureteroscopes 7–9F can be used through 11 F 
sheath, with enough clearance to allow low- 
pressure irrigation. Electrohydraulic, ultrasonic, 
and pneumatic lithotripsy, as well as holmium 

  Fig. 18.9    Percutaneous access, in preparation for percu-
taneous nephrolithotomy ( PCNL ) is obtained into upper 
pole calyx with antegrade pyelography. A 1.5 cm renal 
pelvis stone is seen (More visible in Fig.  18.10 )       
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laser lithotripsy, is effective for stone fragmenta-
tion. Finally, after the stone has been adequately 
treated, postoperative drainage of collecting sys-
tem with stenting (“tubeless”) or placement of a 
nephrostomy tube will be performed, with imag-
ing assessment to follow [ 30 ].

    Mini-perc is a novel percutaneous renal access 
technique developed using an 11F peel-away vas-
cular access sheath, the system passed over a 
single wire. This was developed in an effort to 
decrease the morbidity of percutaneous nephroli-
thotomy, hoping to minimize blood loss and 
damage to nephrons. In the Jackman study, seven 
renal units underwent the “mini-perc” procedure, 
with three take backs for second look resulting in 
overall stone-free rate of 85 %. No transfusion or 
urosepsis complications were reported. 7F rigid 
pediatric cystoscope or 9F fl exible ureteroscope 
was used in most cases, and stones fragmented 
with electrohydraulic lithotripsy probes [ 33 ]. 

 Residual stone fragments are associated with 
adverse clinical outcome, and every attempt 
should be made to achieve a stone-free status. 
In effort to reduce the number of tracts and 
associated morbidity, some centers choose to 
follow primary PCNL with adjunctive shock 

wave lithotripsy (SWL) to clear residual frag-
ments. After SWL sandwich therapy, the stone-
free rate increases to 100 % [ 29 ]. Second-look 
nephroscopy through the original tract to ensure 
stone- free status is another alternative, done at 
the same hospital admission rather than another 
admission and procedure.  

    Percutaneous Cystostomy 

 Direct percutaneous bladder drainage is rarely 
needed in children. Bladder outlet obstruction is 
usually due to congenital urethral obstruction 
from posterior, or less commonly anterior, ure-
thral valves. This is generally managed by cysto-
scopic fulguration of the valves. If the bladder 
needs short-term drainage, a Foley catheter is 
used. For longer-term decompression, cystos-
tomy can be performed. The technique is similar 
to nephrostomy placement or abscess drainage 
from an anterior suprapubic approach.  

    Retroperitoneal Interventions 

    Renal and Perirenal Abscesses 
and Fluid Collections 

 Perirenal fl uid collections usually resolve sponta-
neously, but when they become infected or are 
producing signifi cant mass effect, percutaneous 
drainage can be helpful. Guidance is almost 
always by US, although CT can be helpful in 
larger patients. The basic technique is the same as 
the nephrostomy tube placement and is generally 
easier since the collection is usually larger than 
the collecting system and the point of needle 
access less critical. Care needs to be taken to 
avoid adjoining bowel (usually the ascending or 
descending colon). Once the needle is in place, a 
sample of the fl uid is obtained before contrast 
injection if possible. A guidewire is passed into 
the collection and the tract dilated. Finally, a 
suitable- size drainage catheter is placed. If the 
fl uid is simple, such as a urinoma or lymphocele, 
a relatively small catheter is appropriate. If it is 
infected or hemorrhagic, catheters of at least 10 
Fr should be placed (Fig.  18.11 ). An attempt to 

  Fig. 18.10    A 1.5 cm renal stone is seen in position of 
renal pelvis while successful access to upper poly calyx 
already accomplished as in Fig.  18.9        
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aspirate as much of the fl uid as possible should 
be performed, confi rming placement of catheter 
with US and fl uoroscopy. Occasionally, it is nec-
essary to maneuver the catheter into a better posi-
tion to assure complete drainage. The catheter is 
sutured in place and a drainage system applied. 
Postoperative lymphoceles may require sclero-
therapy to prevent recurrence. Agents such as 
doxycycline or absolute alcohol can be used. If a 
perinephric urine collection continues to drain, 
placement of a nephrostomy or stent may be 
needed to control the leak from the renal collect-
ing system. In infected spaces, drainage catheters 
are usually left in place until the drainage is clear 
and less than 10–20 cc/day. Irrigation of catheters 
left in infected spaces to assure patency with 
5–10 cc of normal saline 2–4 times daily is 
recommended.

       Percutaneous Drainage of a Renal, 
Retro-, or Intraperitoneal Abscess 

 Percutaneous image-guided drainage of retro- or 
intraperitoneal abscesses or fl uid collections can 
be considered a fi rst-line treatment for infected or 
symptomatic fl uid collections that are causing 
pressure, pain, or obstruction. Treatments of fl uid 
collections with percutaneous drainage in chil-
dren are comparable to adults, with a success rate 
of 85–90 % even though the etiology of the fl uid 
collection may differ slightly. Appendiceal 
abscess is the most common etiology of fl uid col-
lections, but pyelonephritis, infl ammatory bowel 
disease or adjoining osteomyelitis in the spine or 
pelvis are other known causes. Again, the tech-
nique is similar to nephrostomy access, with US 
with subsequent fl uoroscopy preferred but CT 
when the collection cannot be visualized by US. 
Once the needle is in place, a guidewire is passed, 
the tract is dilated, and a drainage catheter is 
placed. Simple fl uid collections can be drained 
by 7 or 8 Fr catheters, but more complex fl uid 
should be drained by a 10–14 Fr catheter, even in 
small patients. Although manufacturers supply 
the drainage catheters with internal trocars to 
allow single step direct puncture of fl uid collec-
tions, it is generally much more controlled to use 
the Seldinger technique with a needle followed 
by guidewire, tract dilation, and fi nal catheter 
placement. Percutaneous drainage of fl uid collec-
tions is a safe and effective treatment with com-
plications occurring in less than 5 % of pediatric 
patients and major complications, including sep-
sis and fi stula formation, occurring in less than 
1 % of cases [ 34 – 36 ].   

    Biopsy of Retroperitoneal Mass 

 Most intraabdominal tumors are biopsied surgi-
cally, perhaps because of concerns that the tissue 
samples are inadequate for accurate diagnosis, 
that no safe access will be possible, or that a sec-
ond procedure and anesthesia would be required 
if the biopsy yields inconclusive results. However, 
with improvements in imaging and new molecu-
lar diagnostic techniques, several studies have 
demonstrated that retroperitoneal percutaneous 

  Fig. 18.11    This child underwent ureteroureterostomy 
following ureteral transection during exploratory laparot-
omy which subsequently developed an anastomotic leak. 
After percutaneous access was obtained to the right lower 
pole calyx ( top white arrow ), ultrasound show a bilobed 
collection at the right fl ank within the retroperitoneum. 
Under ultrasound guidance, a 21 gauge needle was 
advanced into the collection and urine immediately 
drained. Over a 0.018 wire, serial exchanges were per-
formed to 7 Fr. A 7 Fr pigtail catheter was placed and 5 cc 
of diluted contrast injected to confi rm its placement 
( lower black arrow )       
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biopsy is a safe and effective means by which to 
obtain an accurate histopathologic diagnosis and 
staging of many types of tumors [ 37 – 42 ]. It is 
especially useful for those masses that would 
benefi t from neoadjuvant chemotherapy or radia-
tion and when the masses are not easily resect-
able, such as advanced stages of neuroblastoma 
or Wilms’ tumor. Other tumors can also be biop-
sied if a safe access route is available. Consultation 
with oncologists and surgeons to be sure that a 
biopsy will not result in “upstaging” a tumor by 
violating tissue planes or the peritoneum, and 
with a pathologist to be sure that tissue volume 
will be suffi cient to allow a confi dent diagnosis is 
certainly recommended before embarking on a 
biopsy. 

 Pre-biopsy imaging will demonstrate the 
tumor margins and the degree of vascularity and 
necrosis of the lesion. Once the patient is posi-
tioned, repeat imaging with CT or US is needed 
to confi rm the position of the lesion and surround-
ing structures. Children under the age of 7–10 
will typically require general anesthesia for the 
procedure. After skin marking, sterile draping, 
local anesthesia administration, and skin incision 
is made, the tip of the guiding needle is posi-
tioned at the proximal margin of the lesion under 
US or CT guidance. Needle size will vary by the 
size and location of the lesion and its proximity 
to vital structures, but generally a coaxial tech-
nique with a 16 or 17 gauge thin-walled guiding 
needle with an 18 or 19 gauge cutting- edge core 
biopsy needle can be utilized without signifi cant 
complications compared to smaller needles, such 
as those used in FNA, while increasing the tissue 
sample size and, therefore, its diagnostic capa-
bilities. The biopsy needle is then inserted, and 
the stylet and the probe notch are released. If 
CT guidance is used, the lesion is localized with 
contiguous 5–10 mm thick slices. 3–6 passes or 
more of the biopsy needle are typical, but will 
depend on the size of the lesion. Needle angula-
tion and rotation can be slightly varied to obtain 
the repeat biopsy samples. Gelfoam pledgets or 
a microfi brillar collagen solution can be injected 
into the coaxial needle track as the needle is 
withdrawn to prevent tumor seeding or bleed-
ing. Advantages of the coaxial technique are that 

precise needle placement is required only once, 
which reduces the potential for complications, 
the light-weight guidance needle is easier to han-
dle than the biopsy needle itself, and it offers a 
large amount of tissue for histopathology. FNA 
should only be considered if the pathologist is 
confi dent that they can make a diagnosis off of 
cytology alone. Contraindications to performing 
a percutaneous retroperitoneal biopsy include an 
uncorrectable coagulopathy, no safe access route, 
or if the pathologist is not confi dent that needle 
biopsy will be suffi cient [ 38 ,  39 ]. Complications 
are minor and include bleeding from the biopsy 
site, retroperitoneal hematomas, transient pain at 
the puncture site, and infection. 

 Percutaneous retroperitoneal biopsies are a 
useful tool in the diagnostic work-up of pediatric 
malignancies that can replace some surgical 
biopsies. It is minimally invasive with a low rate 
of complications and can be highly accurate. It 
also can decrease treatment costs, length of stay, 
and delays in initiation of therapy waiting for sur-
gical incisions to heal. It is especially useful in 
advanced stage disease when systemic chemo-
therapy and/or radiation will be utilized to reduce 
tumor bulk prior to defi nitive surgical treatment 
and in the treatment of lymphoma or metastasis 
of solid tumors (e.g., germ cell tumors) resection 
[ 37 – 42 ].  

    Renal Biopsy 

 At most institutions, renal biopsies are performed 
by nephrologists. Therefore, the role of the inter-
ventional radiologist or pediatric urologist is typ-
ically reserved for special circumstances. 
Nephrologists at our institution prefer the radiol-
ogists to perform biopsies in intraabdominal 
transplants because the kidney is not stabilized by 
the retroperitoneum, patients with hydronephro-
sis or cysts, or if CT guidance is needed. Pediatric 
urologists may be tasked with performing a lapa-
roscopic renal biopsy in cases where coagulopa-
thy or renal anatomy—such as horseshoe or 
ectopia—precludes percutaneous access alone. 

 Minor hematuria and a small hematoma are 
common complications following a renal biopsy 
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and usually resolve without need of further inter-
vention. In less than 1 % of patients, signifi cant 
complications can occur including hemorrhage 
requiring transfusion, a large subcapsular hema-
toma that could produce sizeable clots that leads 
to urinary obstruction, or a symptomatic arterio-
venous fi stula (gross hematuria and elevated 
blood pressure) where percutaneous emboliza-
tion may be indicated. There is also a small pos-
sibility it can upstage an isolated mass contained 
to the kidney, since the biopsy violates Gerota’s 
fascia and the soft tissues of the back. Overall, 
renal biopsy is a safe, accurate, and reliable pro-
cedure that is a useful option for managing inde-
terminate and suspicious lesions, or generalized 
renal disease that often guides or changes clinical 
management [ 42 ,  43 ]. 

 Biopsy of a native kidney can be painful and 
requires good patient cooperation, often necessi-
tating general anesthesia in younger children. 
The patient should be positioned in the prone or 
ipsilateral side down decubitus position to limit 
the respiratory motion of the kidney. The coaxial 
technique can then be employed using a 17 gauge 
guidance needle—which allows the passage of an 
18 gauge or smaller biopsy needle—which is 
advanced into the lesion or beneath the capsule 
for a non-focal biopsy in generalized parenchy-
mal disease (Fig.  18.12 ). Biopsy of the capsule 
instead of the cortex may increase the risk of 
hemorrhage. Typically, 2–3 samples are obtained 
with an 18 gauge cutting core biopsy needle 
depending on the size of the lesion. If a cystic 

component is present, a 21 or 22 gauge needle 
can be used to obtain fl uid for cytology, followed 
by biopsy. The advantage of using a coaxial tech-
nique is that it limits the number of times that the 
renal capsule is punctured, which decreases the 
bleeding risk [ 42 ,  43 ]. Gelfoam pledgets can 
sometimes be deployed to further reduce the risk 
of bleeding.

       Renal Angiography 
and Embolization 

 Conventional catheter angiography (CA) was 
once the only way to image the arterial and venous 
anatomy of the body, but it has largely been 
replaced by CT angiography and MR angiogra-
phy for basic diagnostic needs. While invasive, 
CA still offers the greatest spatial resolution 
(below 200 μm) as compared to CTA (perhaps 
500 μm) or MRA (1–2 mm in a body coil). CA 
also offers the best temporal resolution with frame 
rates as high as 30–60 frames per second if 
needed, as compared to MRA or CTA (about 5 s). 
So CA remains the gold standard for imaging the 
renal arteries of a hypertensive child because the 
incidence of treatable renal artery stenosis is much 
higher and the incidence of essential hypertension 
relatively lower than in an adult. Still, MRA and 
CTA remain suffi cient to screen for main renal 
artery stenosis and both modalities may ade-
quately demonstrate the fi rst-order branches [ 44 , 
 45 ]. But if hypertension is signifi cant, CA is still 

  Fig. 18.12    A coaxial needle 
system is used to obtain 
percutaneous renal biopsy of 
transplant kidney. The 
coaxial system limits the 
need for multiple passages to 
obtain biopsy cores and can 
substantially increase the 
number of glomeruli 
obtained       
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indicated to search for treatable renal artery steno-
sis. Modern coronary balloons make it possible to 
treat stenosis in even 2nd- or 3rd-order branches 
with excellent results. 

 Bookstein and Goldstein fi rst described 
renal artery embolization (RAE) in 1973 for 
control of a post-biopsy arteriovenous fi stula. 
Although iatrogenic hemorrhaging post-percu-
taneous renal procedures, such as nephrolithot-
omy, endopyelotomy, or a renal biopsy, remain 
the most common indications for RAE, they 
can be useful in other situations, including 
trauma or treatment of an isolated renal artery 
aneurysm. Patients with tuberous sclerosis 
develop angiomyolipomas as they reach ado-
lescence. These tumors can cause severe hema-
turia and/or a retroperitoneal hemorrhage. As a 
result, many authors advocate prophylactic 
embolization of these tumors when they reach 
5 cm in size. 

 RAE is almost always performed from a fem-
oral approach. Using digital subtraction angiog-
raphy, selective arteriography can be 
accomplished by advancing a 4 or 5F Cobra, 
Simmons, or double renal curve catheter into the 
renal artery. The catheter is then advanced over a 
nontraumatic guidewire to as close proximity 
with the lesion as possible. Although emboliza-
tion can be performed through the larger guiding 
catheter, a microcatheter is more often advanced 
more peripherally into the kidney. There are sev-
eral embolization agents that can be used without 
a signifi cant advantage of one material over 
another. For post-biopsy fi stulas, microcoils are 
relatively inexpensive and can be easily deployed 
to block only a single feeding vessel, although a 
Gelfoam pledget can also be deployed. Tumor 
embolization uses more permanent agents such 
as polyvinyl alcohol particles or acrylic micro-
spheres. Trauma embolization most commonly 
can be treated with a temporary agent such as 
Gelfoam. Angiographic nephrectomy or inten-
tional partial nephrectomy of a portion of a kid-
ney is usually accomplished with absolute 
ethanol. Once the embolization material has been 
injected, the catheter is withdrawn into the main 
renal artery, and an angiogram is obtained to con-
fi rm that the embolized segment has absent fl ow 
and to evaluate the remaining vessels (Figs.  18.13  
and  18.14 ).

  Fig. 18.13    A 21 gauge needle was advanced into the right 
common femoral artery. The needle was exchanged over a 
wire a 4 Fr vascular sheath through which a 4 Fr catheter 
was advanced into the left renal artery. Selective left renal 
arteriogram demonstrates a large area of tumor vascularity 
arising off of the second-order branch supplying the lower 
pole and confi rmed by subselective arteriography       

  Fig. 18.14    For same patient demonstrated in Fig.  18.13 , 
the tumor vascularity branch was catheterized and embo-
lized using 700 and 900 μm particles. Post-completion 
arteriogram demonstrates reduction of arterial fl ow within 
the mass and preserved fl ow to the kidney       
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    Improvement in embolic materials and deliv-
ery systems, as well as imaging capabilities, has 
led to more effective treatments with fewer com-
plications since its inception in 1973. The most 
common complication is the post-infarct syn-
drome consisting of nausea, fever, transient leu-
kocytosis, and fl ank pain that typically resolves 
in a few days. Other short-term complications 
include incomplete embolization, coil or par-
ticle migration, and groin hematomas. Delayed 
morbidity can present with renal failure and 
hypertension. 

 The effi cacy of therapeutic renal embolization 
has been shown to be between 82 and 100 % in 
numerous studies [ 44 ,  45 ], demonstrating that 
RAE warrants an attempt in a hemodynamically 
stable patient with signifi cant renal hemorrhage 
before submitting them to the morbidity associ-
ated with a laparotomy and possible nephrec-
tomy. RAE is a highly effective procedure with 
excellent renal preservation and minimal short 
and long term morbidity.  

    Genital Interventions 

    Varicocele Ablation 

 A varicocele is an abnormal dilation of the 
pampiniform venous plexus secondary to either 
an incompetent valve with venous refl ux into the 
internal spermatic vein, or aberrantly fed vessels 
with the left side being the most commonly 
affected. Symptoms range from scrotal swelling 
to discomfort and dysuria. The importance of 
early treatment in children is to prevent testicular 
atrophy and male infertility. 

 Typically, varicocele ablation is performed by 
accessing the right common femoral vein, but the 
right internal jugular vein can also be used for 
equivalent access. A 4–5Fr hydrophilic catheter 
is advanced over a hydrophilic guidewire to just 
beyond the spermatic vein ostium in the left renal 
vein. A left renal venogram is preformed while 
having the patient perform the Valsalva maneuver 
(if the patient is awake) to illicit refl ux down the 
spermatic vein. The catheter is then advanced 
into the spermatic vein and contrast is again 
injected during Valsalva to induce retrograde 
fl ow toward the testes and visualize the size of the 

vein and positioning of all parallel collaterals. 
There are several techniques for embolization, 
with two of the more common ones being coil 
embolization and sclerotherapy. Coil emboliza-
tion is completed using metallic coils that are 
appropriately sized for the desired occlusion level 
within the spermatic vein (usually 0.035 in. or 
0.038 in., but smaller are available if necessary). 
All coils are placed with the patient performing 
Valsalva to cause maximum expansion of the 
coils, reducing the risk of migration. Four levels 
of coils are placed with the fi rst being near the 
superior pubic ramus or just below the level of 
the lowest draining collateral. Two other levels of 
coils are placed at the level of the upper third of 
the pelvis, and the fourth is placed 2–3 cm from 
the junction of the internal spermatic vein with 
the left renal vein. Contrast is injected after the 
occlusion to assess for new collaterals with higher 
pressure now in the occluded spermatic vein. 
Since persistent collaterals could result in failure 
of the procedure, they have to be occluded. This 
can be done either directly if the collateral is large 
enough, or at its origin with the spermatic vein. 
Coils should now be placed every 3–5 cm along 
the length of the spermatic vein with the last coil 
placed in the most cephalad portion of the sper-
matic vein, exercising care to prevent extension 
into the renal vein (Figs.  18.15  and  18.16 ).

    Sclerotherapy causes embolization of the 
spermatic vein by producing a local thrombo-
phlebitis that leads to thrombosis. Examples of 
sclerosants that can be used are Aethoxysklerol 
and Na tetradecyl sulfate, usually opacifi ed with 
contrast to make it visible fl uoroscopically. The 
catheter is advanced with tip positioned at the 
lower edge of the ischiopubic ramus. A rubber 
band is applied at the highest level of the scro-
tum, and contrast is injected during Valsalva to 
check that there is no refl ux in the pampiniform 
plexus below the rubber band. The sclerosant is 
injected in the anterior pampiniform plexus dur-
ing Valsalva while having the patient in reverse 
Trendelenburg. Elastic compression of the scro-
tum is continued for 1 min and then released to 
prevent posterior pampiniform phlebitis. If the 
sclerosant remains in the anterior pampiniform 
plexus, the procedure is complete; otherwise, 
sclerotherapy is repeated at 10-min intervals until 
sclerosis is achieved. 
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 Complications of varicocele embolization 
include coil migration into the central venous cir-
culation, venous perforation, migration of the 
sclerosant centrally, and hemoglobinuria with 
higher levels (>15 ml) of sclerosant. The results 
of varicocele embolization are comparable to sur-
gical ligation while avoiding general anesthesia 
and postoperative surgical morbidity with a 
return to normal activity the following day 
[ 46 – 51 ].  

    Scrotal and Testicular Biopsy 

 Ultrasound is considered the imaging modality of 
choice for the scrotum. However, despite its high 
sensitivity, it has a low specifi city for scrotal and 
testicular lesions with a high rate of false posi-
tives. Although percutaneous biopsy is possible, 
it is rarely performed in children. In adults, the 
advantages are that it can be performed on an 

 outpatient basis, requires only local anesthesia, 
and is minimally invasive. Complications are 
minimal, mainly consisting of minor hemorrhage 
and pain. There has been no convincing evidence 
that violation of the scrotum leads to tumor seed-
ing secondary to the differential lymphatic drain-
age of the testes and scrotal skin. Percutaneous 
scrotal and testicular biopsy is, again, a safe, 
accurate, and cost-effective means to diagnose 
indeterminate lesions on imaging to appropri-
ately guide subsequent management [ 52 – 56 ].   

    Conclusion 

 Percutaneous access to the kidney revolution-
ized pediatric urology by obviating exclu-
sive reliance on open surgery to treat upper 
urinary tract obstruction or infection. Even 
as miniaturization of fi beroptic technology 
allows more versatility in approaching the 
kidney and proximal ureter from the bladder, 
a pediatric interventionalist remains a criti-
cal ally to the urologist for providing imaging 
interpretation and minimally invasive access 

  Fig. 18.15    For embolization of left varicocele, the IVC 
was accessed through the right femoral vein initially using 
a 21 gauge micropuncture needle. The sheath was 
advanced into the left renal vein, and the left gonadal vein 
was accessed via a 2.8 Fr microcatheter. Gonadal venog-
raphy showed cutoff of the left gonadal vein in the region 
of surgical clips ( block arrow ). Small collateral veins 
opacifi ed the multiple gonadal vein tributaries with refl ux 
identifi ed to the level of the scrotum       

  Fig, 18.16    For same patient in Fig.  18.15 , access was 
gained to the dilate veins distally as described, and 3 
6 mm embolization coils deployed distal to the clips 
( white arrow ). An additional 6 mm coil and a 7 mm coil 
were deployed just proximal to the clips       
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to the kidney, ureter, and retroperitoneum in 
many circumstances. US and fl uoroscopy are 
the mainstays of imaging guidance, and MRI 
may someday supplant CT in cases requiring 
comprehensive imaging and functional esti-
mations. Consideration of radiation exposure 
during imaging will increasingly drive radio-
logical exams, and something radiologists 
and urologists will necessarily contend with. 
Percutaneous surgery conjoined the special-
ties of interventional radiology and pediatric 
urology—and that relationship must remain 
the cornerstone of comprehensive urological 
health care into the future.     
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     Abbreviations 

   EEC    Exstrophy-epispadias complex   
  CBE    Classic bladder exstrophy   
  CE    Cloacal exstrophy   
  OEIS     Omphalocele-exstrophy-imperforate 

anus-spinal defects   
  PBS    Prune-belly syndrome   
  CT    Computed tomography   
  MRI    Magnetic resonance imaging   
  VUR    Vesicoureteral refl ux   
  VCUG    Voiding cystourethrography   
  PUV    Posterior urethral valves   
  MAG-3    Tc-99 m mercaptoacetyltriglycine   
  DMSA    Dimercaptosuccinic acid   
  CIC    Clean intermittent catheterization   

          Introduction 

 Radiologic imaging for the initial diagnosis, 
treatment planning, and follow-up is essential 
in the complex conditions of pediatric urology 
including classic bladder exstrophy (CBE), cloa-
cal exstrophy (CE), prune-belly syndrome (PBS), 
and in patients requiring bladder augmentation. 
Many of the indications and protocols for imag-
ing in these disease processes are based upon 
anecdotal evidence, small series, and individual 
clinical scenarios. The authors seek to review 
and establish guidelines for imaging in each 
diagnosis. 

 Imaging modalities applied in these condi-
tions include plain fi lm radiography, fl uoroscopy, 
ultrasonography, computed tomography (CT), 
magnetic resonance imaging (MRI), and nuclear 
scintigraphy. Each has associated pros and cons, 
as well as variable relative cost (Table  19.1 ).

   Latex sensitization and latex allergy are con-
cerns for all patients undergoing many diagnos-
tic tests and surgical procedures due to increased 
exposure to the latex antigen. The patients 
described in this chapter fi t these criteria. All 
patients in this category should be treated with 
full latex precautions from the beginning of their 
care [ 1 ]. 

 Genital ambiguity is present in some patients 
discussed in this chapter, particularly those 
in the exstrophy-epispadias complex (EEC). 
Radiologists are often called upon to assist in 
establishing gender in the fragile neonate through 
the use of portable ultrasound to detect pelvic 
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organs (e.g., uterus) and characterize the gonads. 
Early gender assignment helps parents cope with 
their child’s diagnosis and bond with the child.  

    Exstrophy-Epispadias Complex 

    Clinical Overview 

 EEC comprises a spectrum of congenital genito-
urinary abnormalities ranging in severity from 
epispadias to CBE to CE. These conditions all 
affect the genitalia, infraumbilical abdomen, and 
pelvic ring. EEC is a multisystem birth defect 
involving the genitourinary tract, musculoskele-
tal system, pelvic fl oor, bony pelvis, and anus.  

    Epidemiology of EEC 

 CBE is the most common form of EEC. The inci-
dence is estimated to be between 1 in 10,000–
50,000 live births [ 2 ], while the International 
Clearinghouse for Birth Defects estimates 3.3 per 
100,000 live births [ 3 ]. CE is the rarest manifes-
tation of EEC with incidence approximated at 1 
per 200,000 live births. EEC is most common in 
Caucasians, and the male to female ratio ranges 
from 2.3:1 to 6:1 [ 3 ]. It is also more common in 
infants born to younger mothers and multiparous 
women. Maternal tobacco exposure is associated 
with more severe forms (e.g., CE). There is 

 evidence to suggest an increased incidence of this 
complex of abnormalities in pregnancies utiliz-
ing assisted reproductive technologies [ 4 ].  

    Epispadias 

 Epispadias affects the genitalia and pubic sym-
physis. The pubic symphysis is diastatic with 
divergent distal rectus abdominis muscles. In 
males, the phallus is short and broad with a dorsal 
chordee. The glans is open along the dorsal sur-
face and shaped like a spade. The dorsal foreskin 
is absent. The urethral meatus is located along 
the dorsal penile shaft, between the peno-pubic 
angle and the proximal glans. In females, the cli-
toris is bifi d with superiorly divergent labia, and 
the distal dorsal aspect of the urethra is open with 
a patulous bladder neck (Figs.  19.1 and 19.2 ). 
Prolapse of bladder mucosa can sometimes occur.

       Classic Bladder Exstrophy 

 CBE presents with an open bladder exposed 
through a triangular-shaped fascial defect on the 
infraumbilical abdomen (Fig.  19.3 ). The umbili-
cus is low set and located on the upper edge of 
the bladder plate. In both sexes, the distance 
between the umbilicus and anus is shortened. The 
anatomy of the levator ani and puborectalis mus-
cles is distorted, leading to varying degrees of 

   Table 19.1    Summary of imaging modalities   

 Modality  Pro  Con  Relative expense 

 Radiography  Universally available  Small radiation dose  $ 
 Fluoroscopy  Physiologic, dynamic 

visualization of anatomy 
 Higher radiation dose  $$ 

 Ultrasound  No radiation, dynamic 
visualization of anatomy 

 Operator dependent  $$$ 

 CT  Anatomy easily understood  High radiation dose  $$$ 
 MRI  High level of anatomic detail; 

exam can be protocolled to 
target-specifi c questions; 
comprehensive evaluation of 
multiple systems including CNS 

 Poor imaging of bone, 
calcifi cations; general anesthesia 
required for young children/long 
exams (more detailed protocols), 
not universally available 

 $$$$ 

 Nuclear imaging  Small radiation dose; physiologic, 
dynamic imaging 

 Not universally available  $$$$ (particularly when 
radiotracer is not made at 
institution) 
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fecal incontinence and rectal prolapse. The pubic 
symphysis is widely diastatic with distally diver-
gent rectus abdominis muscles, which is the 
result of outward rotation of the innominate 

bones. There is outward and downward rotation 
of the anterior pelvic ring ultimately resulting in 
the classic waddling gait [ 5 – 7 ]. Indirect inguinal 
hernias are common secondary to wide inguinal 
rings and short inguinal canals [ 8 ,  9 ].

   In males, genital features of epispadias are 
also present as described above. The urethral and 
bladder plates are in continuity along the lower 
abdominal wall and onto the dorsal surface of the 
penis. The verumontanum and prostatic ducts are 
present and visible along the prostatic urethral 
plate. Females also have the same genital fea-
tures of epispadias, and the open urethral plate is 
in continuity with the bladder plate. There is 
anterior displacement of the vagina, which is 
short.  

    Cloacal Exstrophy 

 As in CBE, the bladder is widely open on the 
infraumbilical abdominal wall but separated into 
two distinct halves in CE. Cecum is present in 
between both halves of the bladder. Two appendi-
ces may be seen within the cecal plate, and the 
terminal ileum may prolapse between the hemi- 
bladders resulting in the so-called “elephant 
trunk sign”. Most patients with CE have an asso-
ciated omphalocele. 

 The pelvic ring has a similar confi guration to 
CBE. 65 % of these patients can have major defor-
mities of the lower extremity, such as clubfoot. Up 

  Figs. 19.1 and 19.2    Epispadias in a 2-year-old female patient. Note bifi d clitoris and superiorly divergent labia       

  Fig. 19.3    Classic bladder exstrophy in a 1-week-old 
male patient. Note features of epispadias including a 
shortened phallus with dorsal chordee, spade-shaped 
glans, and dorsal meatal opening       
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to 75 % have vertebral anomalies and neural tube 
defects [ 10 ,  11 ]. In males, the phallus is small and 
bifi d, with a hemi-glans caudal to each hemi-blad-
der. Females have a bifi d clitoris and two hemi-
vaginas. The uterus is most commonly bicornuate, 
but there are varying degrees of Müllerian dupli-
cation [ 12 ,  13 ].  

    Embryology of EEC 

 A defi nite cause of EEC has not yet been eluci-
dated. It is hypothesized that early in fetal devel-
opment (approximately during the fourth 
gestational week) there is an abnormal overdevel-
opment of the cloacal membrane, which results in 
failure of the medial migration of mesenchyme 
between the ectodermal and endodermal layers of 
the lower abdominal wall, thus preventing the 
normal development of the lower abdominal wall 
[ 14 ]. This occurrence makes the cloacal mem-
brane unstable and prone to early rupture (before 
it migrates into its normal caudal location during 
gestational weeks 6–8). The stage of develop-
ment when this premature rupture occurs will 
determine the severity along the EEC spectrum. 
When rupture occurs after complete separation of 
the genitourinary and gastrointestinal tracts via 
descent of the urorectal septum, CBE results. 
When rupture occurs prior to this event, external-
ization of the lower urinary tract and distal gas-
trointestinal tract occurs, resulting in CE [ 15 ].  

    Prenatal Imaging of EEC 

 Transabdominal ultrasonography is the mainstay 
of prenatal imaging. Although not utilized rou-
tinely, there is a role for fetal MRI, which pro-
vides more anatomic detail, particularly when 
anomalies are detected but not fully elucidated 
on ultrasonography. 

    CBE: Prenatal Imaging 
 Prenatal ultrasonographic fi ndings suggestive of 
CBE include the repeated failure to visualize the 
fi lled bladder, a lower abdominal wall echogenic 
mass that increases in size with an increase of the 

intra-abdominal viscera, a low-set umbilicus, 
abnormal or diminutive genitalia, an increased 
pelvic diameter, and widening of the pubic sym-
physis [ 16 – 18 ].  

    CE: Prenatal Imaging 
 Prenatal ultrasonographic fi ndings compatible 
with CE include the above characteristics of 
CBE, as well as a lower abdominal wall defect, 
herniation of bowel between bladder plates (“ele-
phant trunk sign”), limb abnormalities, neural 
tube defects, and vertebral anomalies.   

    Postnatal Imaging Modalities for EEC 

 The diagnosis of EEC is clinical, yet radiographic 
imaging modalities can help detect associated 
anomalies and better defi ne the internal anatomy 
of the patient. 

    Pelvic Radiography 
 Pubic diastasis is noted in patients with EEC, as 
well as outward rotation of the innominate bones 
and squaring of the iliac notch (Figs.  19.4  and 
 19.5 ). Hip dysplasia is not typically seen as part 
of this complex.

        Cross-Sectional Imaging 
 Postnatal MRI has been increasingly used to 
understand the pelvic anatomy in patients with 

  Fig. 19.4    AP plain radiograph of the pelvis in a newborn 
male with classic bladder exstrophy. Note diastasis of the 
symphysis pubis. Soft tissue density over the pelvis repre-
sents the bladder plate and the scrotum. The umbilical 
cord stump passes to the patient’s left       
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EEC. These patients have a wider pelvic diameter 
with pubic diastasis, externally rotated sacroiliac 
joints, a fl atter pelvic fl oor with a more laterally 
placed levator ani complex, an anteriorly dis-
placed anus, and shorter anterior corporal bodies 
[ 19 ]. Given its myriad of protocol possibilities, 
imaging of the spine can also be included in the 
same examination (Figs.  19.6 ,  19.7 , and  19.8 ). 
MRI, however, has the constraint of requiring 
general anesthesia for obtaining quality images, 
as well as being time consuming (especially with 
more complex protocols).

     Bony and soft tissue pelvic anatomy can also 
be studied utilizing CT (Fig.  19.9 ).

       Cystourethrography 
 Post-closure gravity cystography is performed in 
the operating suite under general anesthesia in 

patients with CBE and CE to look for vesicoure-
teral refl ux (VUR), which is present in nearly all 
patients after closure, due to the anatomy of the 

  Fig. 19.5    AP plain radiograph of the abdomen and pelvis 
in a newborn male patient with cloacal exstrophy. Soft tis-
sue density overlies the lower abdomen and pelvis, repre-
senting omphalocele. Splayed pelvic bones and dysplastic 
sacrum are present, but nearly obscured, as is often the 
case       

  Fig. 19.6    T2-weighted midline sagittal MRI of the pelvis 
and spinal cord in a 5-day-old male with cloacal exstro-
phy. Soft tissue plate on the anterior abdominal wall rep-
resents bladder; lipomeningocele is seen at L5/S1       

  Fig. 19.7    Midline sagittal T2-weighted abdomen and 
pelvis MR of a 4-day-old male with cloacal exstrophy 
demonstrates large omphalocele. Included spine suggests 
anomalies, but these are better demonstrated on dedicated 
spine MR obtained in the same session       
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ureterovesical junction (Figs.  19.10 and 19.11 ). 
This imaging modality is also used to assess 
bladder capacity in preparation for bladder neck 
reconstruction and continence surgery.

   Additionally, voiding cystourethrography 
(VCUG) using fl uoroscopy in the radiology suite 
is useful to evaluate the bladder neck and proxi-
mal urethra in patients with epispadias.  

    Renal Ultrasonography 
 Baseline renal ultrasonography should be 
obtained when the clinical diagnosis along the 
spectrum of EEC has been made. Associated 
congenital anomalies of the upper urinary tract 
are rare with epispadias and CBE but are more 
common in patients with CE. These can include 
renal agenesis, renal ptosis, and multicystic dys-
plastic kidney. 

 Virtually all patients will develop VUR after 
bladder closure. Increased intravesical pressure 

after closure can lead to hydroureteronephrosis 
with upper urinary tract pressure transmission 
and subsequent upper tract deterioration. 
Therefore, baseline knowledge of existing hydro-
nephrosis is helpful in following these patients 
postoperatively.  

    Imaging of the Spine 
 Spinal ultrasonography should be performed in 
all neonates with cloacal exstrophy, as spinal 
dysraphism must be diagnosed when present. 

 Spinal MRI can be performed in patients with 
cloacal exstrophy to detect occult spinal cord 
anomalies that could lead to tethering of the cord 
with growth of the child (Figs.  19.6  and  19.8 ).   

    Differential Diagnosis of EEC 

 The differential diagnosis of EEC includes pat-
ent urachus, omphalocele, gastroschisis, persis-
tent cloaca and cloacal malformation, as well 
as the common variants of EEC. These include 
superior vesical fi ssure, pseudoexstrophy, dupli-
cate exstrophy, covered exstrophy, and the 
omphalocele- exstrophy-imperforate anus-spinal 
defects (OEIS) complex. 

 Exstrophy variants all have a widely diastatic 
pubic symphysis with distally divergent rectus 
abdominis muscles. A low-set umbilicus is com-
mon. There may be a small bladder opening or 

  Fig. 19.8    Sagittal T2-weighted spine MR in same patient 
shows mid-thoracic dyssegmentation and kyphosis, short 
sacrum, and low cord with spinal canal lipoma       

  Fig. 19.9    Axial non-contrast CT image through the pel-
vis in a 19-month-old male with CE. The pubic bones are 
outwardly rotated and the open anterior bladder plate is 
shown. The cartilaginous tip of the coccyx is displaced 
anteriorly and to the right. The left slip of the pubococ-
cygeus muscle is visible; the right is displaced by a loop 
of pelvic bowel       
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patch of isolated bladder mucosa as seen in supe-
rior vesical fi ssure. 

 The OEIS complex is the most severe form 
of EEC and is characterized by an omphalocele, 
imperforate anus or anal atresia, spinal dysra-
phism with incomplete development of the lum-
bosacral vertebrae, and exstrophy of a common 
cloaca that receives ureters, ileum, and a rudi-
mentary hindgut. There is also failure of fusion 
of the genital tubercles and pubic rami, epispa-
dias in males and Müllerian duct anomalies in 
females. There is a wide spectrum of urinary 
tract malformations, including supernumerary 
kidney [ 20 ].  

    Treatment of EEC 

 Patients undergo surgical correction, urinary 
diversion, or urinary augmentation as treatment 
of CBE. Planning for surgical correction can be 
complex and is tailored to the individual 
patient. 

 Surgical correction can be performed by the 
modern staged repair, which involves primary 

bladder closure with or without pelvic osteotomy 
within 72 h of birth, epispadias repair between 6 
and 12 months of age, and bladder neck recon-
struction at 4–5 years of age. Epispadias repair 
allows for increase in bladder outlet resistance 
and subsequent increase in bladder capacity. 
Ureteral reimplantation for VUR is almost uni-
versally indicated at the time of bladder neck 
reconstruction. 

 Complete primary repair, an alternative 
approach, encompasses primary bladder clo-
sure and genital reconstruction in one operation 
[ 21 – 23 ]. Because of the advantage of early 
bladder cycling, some patients have not 
required additional bladder neck reconstruction 
to achieve early continence, yet some evidence 
suggests an increased number of surgical pro-
cedures and complications in these patients 
[ 24 ,  25 ]. 

 Some EEC patients have a bladder plate that is 
too small for closure or do not develop adequate 
bladder capacity (>85 mL). These patients may 
be treated with bladder augmentation with a con-
tinent catheterizable stoma (e.g., Mitrofanoff, 
Monti) or urinary diversion [ 12 ,  26 ].  

  Figs. 19.10 and 19.11    Cystogram in a 4-month-old 
male patient with skin covered exstrophy variant. Fig. 
19.10: AP pelvis radiograph shows Grade V vesicoureteral 

refl ux into the right collecting system. Fig. 19.11: Post-
emptying AP abdominal radiograph demonstrates persis-
tence of refl ux in the right collecting system and ureter       
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    Follow-Up Imaging in EEC 

 All EEC patients that have been reconstructed or 
diverted should be monitored with periodic renal 
and bladder ultrasonography to assess for evi-
dence of obstruction, upper tract deterioration, or 
calculus formation.   

    Prune-Belly Syndrome 

 Prune-belly syndrome (PBS) is characterized by 
defi cient or absent abdominal wall musculature, 
dilation of the urinary tract, and intra-abdominal 
testes [ 27 ]. It has a number of other names, 
including Eagle-Barrett syndrome, triad syn-
drome, mesenchymal dysplasia syndrome, and 
abdominal musculature defi ciency syndrome, to 
mention a few. PBS is the most commonly used 
name, given its evocative nature. 

 These patients have a wrinkled abdomen 
(like a prune), secondary to the lack of abdomi-
nal musculature, and males have an empty scro-
tum due to undescended testes (Fig.  19.12 ). The 
incidence ranges from 1:35,000 to 50,000 live 
births [ 28 ]. This is increased in twins, blacks, 
and patients born to younger mothers. PBS 
rarely occurs in females [ 29 ], but its clinical 
manifestation in these patients includes the 
abdominal wall defi ciency and urinary tract 
dysmorphism without any gonadal abnormality 
[ 30 ,  31 ].

   There are two dominant theories regarding the 
pathogenesis of PBS yet the exact mechanism is 
unknown. The obstructive theory suggests that 
urethral obstruction—either atresia or transient 
obstruction during a critical period in fetal devel-
opment [ 29 ,  32 ,  33 ]—results in bladder disten-
sion, hydroureteronephrosis, and atrophy of the 
abdominal musculature. The mesodermal defect 
theory proposes a defect in lateral plate meso-
derm development early in embryogenesis and is 
supported by related mesenchymal defects (e.g., 
prostatic hypoplasia in PBS) [ 34 ,  35 ]. 

 Similar to EEC discussed earlier, there is a 
spectrum of severity associated with PBS. PBS 
can be categorized into three main groupings, 
fi rst classifi ed by Woodard in 1978 [ 36 ]. Category 
I patients have urethral obstruction, pulmonary 
hypoplasia, oligohydramnios, renal dysplasia, 
and Potter’s facies. These patients are among the 
most seriously affected group and usually suffer 
an early death from pulmonary hypoplasia. 
Category II patients have mild renal dysfunction 
or dysplasia and hydroureteronephrosis. These 
patients may go on to develop progressive renal 
failure [ 37 ]. Category III patients have normal 
renal function and a mild degree of uropathy. The 
single most predictive factor in survival of the 
patient with PBS is the severity of renal 
dysplasia. 

 Histologically, the proximal ureters are more 
normal than their distal portions, containing more 
smooth muscle proximally and more fi brous con-
nective tissue distally [ 38 ,  39 ]. This contributes 
to the poor ureteral peristalsis seen in PBS 
patients [ 40 ]. Similar to the ureters, the bladder 
tends to have a higher collagen to smooth muscle 
ratio [ 41 ]. The trigone is widened and the ureteral 
orifi ces are displaced laterally, potentially con-
tributing to VUR. 

 Extragenitourinary manifestations of PBS 
affect the cardiac, pulmonary, gastrointestinal, 
and musculoskeletal systems, necessitating more 
extensive multisystem imaging (such as MRI). 
Ten percent of patients can have cardiac anoma-
lies, such as patent ductus arteriosus, ventricular 
and atrial septal defect, and tetralogy of Fallot. 
These are often more pressing in the newborn 
period than the genitourinary manifestations.   Fig. 19.12    Newborn male with prune-belly syndrome       
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    Prenatal Imaging 

 PBS is most commonly diagnosed in the second 
trimester with prenatal transabdominal ultra-
sonography [ 42 ]. Diagnostic features of PBS 
on prenatal imaging include bilateral hydroure-
teronephrosis, a distended, thin-walled bladder, 
and oligohydramnios [ 43 ]. Lung volume can 
be estimated, and cardiac anomalies, if sus-
pected, can be characterized more fully with 
echocardiography. 

 Differential diagnosis of PBS on prenatal 
imaging includes any cause of bladder outlet 
obstruction, including posterior urethral valves 
(PUV) as well as megacystis microcolon intesti-
nal hypoperistalsis syndrome [ 44 ]. 

 The potential therapeutic role for antenatal 
intervention with vesicoamniotic shunting has 
yet to be clarifi ed. Numerous case reports have 
demonstrated survival of fetuses treated with 
vesicoamniotic shunting for lower urinary tract 
obstruction, but whether or not that was truly 
the result of intervention is yet to be revealed 
[ 45 ,  46 ]. The results of the PLUTO trial (per-
cutaneous shunting for lower urinary tract 
obstruction: a randomized controlled trial) will 
hopefully provide guidance in the use of antena-
tal intervention in the PBS patient [ 46 ].  

    Imaging of PBS 

 Chest radiography, renal and bladder ultrasonog-
raphy, VCUG, and renal scintigraphy are critical 
in the evaluation of the patient with PBS. A chest 
radiograph is obtained to evaluate for the associ-
ated conditions of pulmonary hypoplasia, pneu-
mothorax, and pneumomediastinum. Utilizing 
ultrasonography, renal parenchyma can be 
assessed for thickness, echogenicity suggestive 
of renal disease, and cortical cysts consistent 
with renal dysplasia. The ability of the bladder to 
empty can also be assessed. 

 VCUG is a vital imaging modality for the PBS 
patient. Care must be taken to place the patient 
on prophylactic antibiotics before the procedure 
as bacteria introduced into a potentially stagnant 
urinary tract can produce profound sepsis. The 

bladder is capacious and often a urachal diver-
ticulum is visualized (Figs.  19.13 ,  19.14 , and 
 19.15 ). When urethral atresia is present, a patent 
urachus will be found. This allows drainage of 

  Fig. 19.13    AP pelvis radiograph from cystogram in a 
4-year-old male patient with prune-belly syndrome dem-
onstrating severe bilateral vesicoureteral refl ux into 
grossly ectatic ureters. Note the large fl accid bladder       

  Fig. 19.14    Fluoroscopic image from cystogram in a 
16-year-old male patient with prune-belly syndrome with 
capacious, lobulated bladder       
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the urinary tracts, without which bilateral renal 
atresia results, leading to perinatal fetal demise. 
The prostatic urethra is wide and appears to taper 
as the membranous urethra traverses the urogeni-
tal diaphragm. Anterior urethral abnormalities 
are common in PBS, particularly mild dilation 
(70 %) and megalourethra [ 36 ,  47 ,  48 ]. VUR is 
present in 75 % of patients with PBS [ 49 ].

     Nuclear renal imaging using Tc-99 m mercap-
toacetyltriglycine (MAG-3) and furosemide is 
necessary to evaluate the differential renal func-
tion and assess for adequate upper tract drainage. 
Although there is commonly severe hydroure-
teronephrosis in PBS, upper tract drainage is usu-
ally adequate. Additionally, a dimercaptosuccinic 
acid (DMSA) scan can evaluate for renal paren-
chymal scarring.  

    Treatment of Genitourinary 
Manifestations of PBS 

 PBS patients need reconstruction of the urinary 
tract. This can include ureteral reimplantation 
with or without remodeling, reduction cysto-
plasty, and anterior urethral reconstruction. 
Abdominal wall reconstruction and orchido-
pexy are also necessary but can be delayed until 
other issues are resolved. Temporary urinary 
diversion (via nephrostomy or ureterostomy) 
can be performed in the very ill, young, or small 
child.  

    Follow-Up Imaging of PBS 

 Long-term follow-up, including upper tract sur-
veillance with periodic ultrasonography, is 
important in PBS patients. The functional urody-
namics of their bladders may change over time, 
causing deterioration of their upper tracts, neces-
sitating further intervention.   

    Bladder Augmentation 

 Bladder augmentation is the surgical process of 
supplementing the bladder volume using a native 
structure such as a segment of bowel or redundant 
ureter. It is a treatment option for patients with 
noncompliant, low-capacity bladders. Neurogenic 
bladder is a common cause in the pediatric uro-
logic population, as well as EEC discussed earlier. 

 Augmentation is performed by isolation of a 
chosen segment of bowel, detubularizing the seg-
ment, and anastomosing it to the bladder. The 
bladder is drained in the immediate postoperative 
period, and irrigation via a catheter with normal 
saline is performed to remove mucus. Bladder 
augmentation necessitates clean intermittent cath-
eterization (CIC) to allow for adequate emptying. 

    Imaging of the Augmented Bladder 
and Its Complications 

 Routine surveillance of the upper urinary tract 
with ultrasonography is performed at 6 weeks 
postoperatively, 6 months postoperatively, and 
yearly thereafter, looking for hydronephrosis, 
increased post-void residual volume, and calculi. 
Cystoscopy is recommended yearly beginning 
5 years postoperatively particularly in immuno-
suppressed patients (transplant recipients) or 
EEC/CBE patients managed with bladder aug-
mentation because of an increased risk of malig-
nancy along the anastomotic line between bladder 
and bowel [ 50 ,  51 ]. Imaging via ultrasonography, 
CT of the pelvis, or MRI of the pelvis may detect 
a lesion in the bladder, but does not replace direct 
visualization with cystoscopy. 

 Calculi in the augmented bladder may form as 
a result of inadequate irrigation of mucus and 

  Fig. 19.15    Sagittal midline bladder sonogram image of 
the same patient as Fig.  19.14  demonstrating large amount 
of intravesical debris, consistent with cystitis       
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incomplete emptying. Mucus acts as a nidus for 
calculus formation, allowing for heterogeneous 
nucleation and calcifi cation. Additionally, they 
may form as a result of urine stagnation and sub-
sequent infection. Calculi may be visualized on 
plain radiograph, ultrasound, and non-contrast 
CT (Figs.  19.16  and  19.17 ).

   Perforation of an augmented bladder can 
occur acutely (anastomotic leak) or in delayed 

fashion. The latter is thought to be a result of 
inadequate emptying with subsequent pressure 
necrosis of the augmented bowel. Perforation is a 
clinical diagnosis, which can be confi rmed with 
conventional or CT cystography [ 52 – 54 ] show-
ing leakage of contrast from the bladder. 
Ultrasonography can also be utilized, which can 
demonstrate free fl uid in the abdomen and pelvis. 
This is a surgical emergency.   

  Figs. 19.16 and 19.17    A 
15-year-old boy with classic 
bladder exstrophy who 
underwent augmentation 
cystoplasty at age 6 years. 
He developed recurrent 
urinary tract infections and 
some diffi culty in performing 
intermittent catheterization. 
A bladder sonogram ( left ) 
demonstrated debris in the 
bladder with hyperechoic 
areas at the base that shadow, 
consistent with stones. A 
KUB ( right ) better demon-
strates the stone burden as 
there are several radiopaque 
stones in the pelvis       
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    Summary 

 Radiologic imaging is crucial in EEC, PBS, and 
in the patient with an augmented bladder as sum-
marized in Table  19.2 . There are numerous imag-
ing modalities useful in these diagnoses, 
including ultrasonography (prenatal and postna-
tal), plain fi lm radiography, CT, MRI (fetal and 
postnatal), cystourethrography, and nuclear renal 
scintigraphy. These diagnoses are clinical, yet 
these imaging modalities allow for assessment of 
anatomy and aide in the diagnosis and treatment 
planning.

       Key Points 

•     Plain fi lm radiography, ultrasonography (pre-
natal and postnatal), CT, MRI (fetal and post-
natal), cystourethrography, and nuclear renal 
scintigraphy can be utilized in assessing EEC 
patients, PBS patients, and those with bladder 
augmentation.  

•   The patient’s clinical scenario will dictate the 
necessity for particular imaging modalities, 
with one of the important goals being to detect 
other anomalies (e.g., spinal in CE) and evalu-
ate the genitourinary tract for evidence of 
VUR or obstruction.  

•   EEC is a spectrum of anomalies affecting the 
bony pelvis, pelvic musculature, and genito-
urinary tract with severity increasing as one 
moves from epispadias to CBE to CE.  

•   PBS patients may present with multiple anom-
alies affecting the musculoskeletal, pulmo-
nary, and cardiac systems.  

•   Patients that have been treated with bladder 
augmentation need surveillance for develop-
ment of hydronephrosis and calculi, as well as 
to evaluate for adequate emptying.        
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     Abbreviations 

   MVA    Motor vehicle accident   
  AAST    American Association for Surgery of 

Trauma   
  RBC    Red blood cells   
  UA    Urinalysis   
  US    Ultrasonography   
  UPJ    Ureteropelvic junction   
  IVP    Intravenous pyelogram   
  RGP    Retrograde pyelogram   
  IP    Intraperitoneal   
  EP    Extraperitoneal   
  RUG    Retrograde urethrogram   

         Introduction 

 Trauma-related injuries are the leading cause of 
death in children older than 1 year old. Injuries 
are responsible for approximately 20,000 deaths 
in children each year in the United States [ 1 ]. 
Pediatric trauma is twice as prevalent in boys 
than girls across all ages [ 2 ]. Pediatric injuries 

typically occur from falls and bicycle and motor 
vehicle accidents. These types of injuries usually 
result in a blunt trauma, which account for 
80–90 % of all pediatric traumas. Incidence of 
penetrating trauma secondary to assault increases 
in teenage boys [ 2 ]. 

 Trauma to the urogenital system is present in 
approximately 3 % of all signifi cant pediatric 
injuries evaluated at pediatric trauma centers [ 1 ]. 
Imaging is used to evaluate the extent of the 
 injuries and to direct their management. The 
armamentarium of radiographic modalities is 
available for imaging the traumatized genitouri-
nary tract, but interestingly, specifi c modalities 
are best suited for specifi c types of injuries. CT 
scanning is the cornerstone and most compre-
hensive imaging modality for evaluation for 
abdominal trauma in children. Angiography is 
performed selectively to diagnose and treat 
active bleeding. Ultrasound is the imaging 
modality of choice for evaluation of scrotal 
trauma and is used selectively in follow- up of 
renal injuries. Retrograde urethrogram is mainly 
used in children with meatal hematuria to evalu-
ate for urethral injury. The vast majority of uro-
genital trauma is managed conservatively with 
only active observation. The challenge is to 
promptly diagnose the few injuries requiring 
emergent intervention to save life or to preserve 
organ function. 

 Radiographic imaging is essential for diag-
nosing, staging, and management of urogenital 
trauma. The focus of this chapter is imaging eval-
uation of pediatric urogenital trauma. Traumatic 
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injuries of the adrenal, kidney, ureter, bladder, 
urethra, and testicle will be reviewed in system-
atic fashion enhanced with clinically relevant 
radiographic images. The relative indications for 
imaging injuries to the urogenital system and 
common radiographic fi ndings will be discussed 
as well as general clinical management.  

   Adrenal 

 Adrenal trauma is uncommon with reported inci-
dence of between 0.5 and 3.0 % of all pediatric 
traumas and is almost always the result of blunt 
force trauma [ 3 ]. This correlates well with the 
low incidence of adult adrenal trauma [ 4 – 6 ]. The 
most common etiology is motor vehicle acci-
dents (MVA) followed by pedestrian versus auto-
mobile and falls. Adrenal injuries are typically 
the result of a major trauma (Fig.  20.1 ). Nearly 
90 % of pediatric patients suffering from adrenal 
trauma have severe associated injuries, typically 
to other abdominal organs, head or brain, and 
long bones [ 3 ]. In both pediatric and adult 
patients, the right adrenal gland is injured greater 
than 75 % of time, while bilateral injuries occur 
in less than 5 % of patients [ 3 ,  4 ].

   Adrenal injuries are believed to be a result of 
direct compression and increase in venous pres-
sure caused by compression of the inferior vena 
cava (IVC). The vascular anatomy of the adrenal 

gland causes any increase in pressure in the adre-
nal vein to be immediately transferred to small 
venules, which cannot accommodate the rapid 
pressure increase resulting in rupture. It is hypoth-
esized that the short right adrenal vein poorly 
accommodates (compared to the left adrenal vein) 
a rapid rise in pressure caused by traumatic 
 compression of the IVC, thus resulting in the pre-
dominance of right-sided adrenal injuries [ 3 ,  4 ]. 

 Adrenal injuries are almost exclusively diag-
nosed by CT scan [ 3 ]. The most common fi nding 
is an oval or rounded enlarged adrenal gland 
(Fig.  20.1 ). Other fi ndings on CT include hema-
toma that obscures the adrenal outline, stranding 
of the periadrenal fat, and hemorrhage in adja-
cent retroperitoneum [ 3 ,  4 ,  7 ]. A unilateral adre-
nal injury is typically of minimal clinical 
signifi cance. In a series of 41 pediatric patients, 
none required endovascular or surgical interven-
tion for their adrenal [ 3 ]. Even the pediatric 
patients with isolated adrenal injuries (no other 
injuries identifi ed during trauma evaluation) did 
not require intervention. Rarely is adrenal 
replacement required, but clinicians should main-
tain high suspicion in patients with bilateral adre-
nal injuries. 

 Neonatal adrenal hemorrhage may result from 
birth trauma and increased abdominal pressure 
and is associated with ischemia and septicemia 
(Fig.  20.2 ). The incidence of neonatal adrenal 
hemorrhage is 0.2–3 % of live births [ 8 ]. The 

*

*
*

a b

  Fig. 20.1    Right adrenal hematoma and right Grade II 
renal injury in an 8-year-old boy pedestrian in a car struck 
by a train. CT scan of the abdomen ( a ) demonstrates shat-

tered spleen, right adrenal hematoma ( arrowhead ), and 
( b ) superfi cial laceration of the right kidney. In addition 
there was large hemoperitoneum (*)       
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typical presentation is the presence of an abdomi-
nal mass and anemia and/or jaundice due to reab-
sorption of the hematoma, although many 
children are asymptomatic and there are rare 
cases complicated with hypovolemic shock due 
to anemia. Diagnosis is primarily made by ultra-
sound, which shows a well-defi ned complex cys-
tic enlargement of the adrenal. The other main 
possible diagnosis is neuroblastoma. Follow-up 
imaging is indicated to confi rm its involution.

      Kidney 

 The kidney is the most frequently injured genito-
urinary organ, typically as a result of blunt trauma 
and present in 2–3 % of all pediatric trauma- 
related injuries. The pediatric kidney is at 

increased susceptibility to trauma secondary to 
multiple anatomic protective factors: softer rib 
cage, less mature torso musculature, proportion-
ally larger kidneys extending below the protec-
tion of the rib cage, and less cushioning 
perinephric fat [ 9 ]. There has been a steady shift 
over the past 30 years toward conservative ther-
apy for renal trauma, with intervention reserved 
only for selected patients. Multiorgan trauma is 
common and present in 50–80 % of patients with 
any renal injury [ 10 ,  11 ]. 

 Congenitally abnormal kidneys are more sus-
ceptible to trauma. Unrecognized renal anoma-
lies are far more common in children and are 
present in approximately 10 % of children with 
renal injuries (Figs.  20.3  and  20.4 ). The most 
common congenital abnormalities associated 
with trauma are hydronephrosis, horseshoe 

a

c

b

  Fig. 20.2    Neonatal adrenal hemorrhage in a large for 
gestational age term infant post vacuum-assisted vaginal 
delivery who presented with jaundice, anemia, and suspi-
cion of right renal mass on physical examination. ( a ) 
Longitudinal Doppler US demonstrates avascular supra-
renal mass with a maximal diameter of 4.4 cm ( b ). The 

mass is better delineated on high-resolution linear trans-
ducer and demonstrates a well-defi ned rounded shape 
with complex fl uid. ( c ) Follow-up US demonstrates 
marked decrease of the suprarenal mass with a maximal 
diameter of 2.4 cm, compatible with evolving adrenal 
hemorrhage       
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kidney, and renal ectopia [ 12 – 14 ]. Despite mak-
ing the kidney more prone to injury, there does 
not appear to be an increase in morbidity or mor-
tality [ 15 ,  16 ].

    Since the late 1980s CT scan has become the 
imaging modality of choice for the initial evalua-
tion of suspected renal trauma. CT allows for 
assessment of injury to the renal parenchyma and 
hilum, extent of renal hemorrhage, extravasation 
of urine, as well as associated injuries to other 
abdominal organs and vasculature structures. 

 The American Association for the Surgery of 
Trauma (AAST) has developed a universally 
accepted grading scale (I–V) to quantify the sever-
ity of renal trauma and the likelihood of surgical 
intervention (Fig.  20.5 ). There is no consensus on 
an imaging algorithm for the evaluation of the 
pediatric trauma patients [ 17 ]. The most compre-
hensive and most algorithm was proposed by 
McAninch in 2004 and based on observation and 
management of 374 pediatric patients [ 18 ]. This 
algorithm utilizes the etiology of blunt or penetrat-
ing trauma, stability of patient, coupled with the 
number of red blood cells (RBCs) found on 
 urinalysis (UA) to determine if abdominal CT scan 
is warranted. They concluded that Abdominal CT 
scan should be performed in all stable patients 
with penetrating trauma who have greater than fi ve 

RBCs on UA and selectively in stable patients 
with blunt abdominal trauma greater than 50 RBC 
on UA. The selection criteria to obtain a abdo-
minal CT scan in patients with blunt abdominal 
trauma, include positive clinical fi ndings of renal 
trauma (e.g., fl ank pain, ecchymosis) and rapid 

  Fig. 20.3    A Grade III renal injury in a 7-year-old boy 
with a horseshoe kidney who had handlebar injury from a 
bike. Coronal post-early IV contrast CT scan demon-
strates the laceration ( arrow ) and perirenal hematoma ( H )       

a

b

  Fig. 20.4    A right Grade IV renal injury in a 14-year-old 
who had football injury. ( a ) Coronal post-early IV con-
trast discovered bilateral polycystic renal disease with 
laceration in the lower pole and hematoma in a right lower 
pole cyst ( arrow ). ( b ) Axial post-delayed IV contrast 
demonstrates contrast extravasation ( arrow )       
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deceleration injury. Management of unstable 
patients depends on the expertise of the medical 
center. In level 1 trauma center more patients are 
treated with conservative or minimally invasive 
procedures (e.g., angiographic embolization, 
nephrostomy, ureteral stent) as compared to 
abdominal exploration and nephrectomy. This 
approach results in a sensitivity for detecting 
Grade II or greater injuries in over 98 % of blunt 
trauma and greater than 95 % of penetrating 
trauma [ 18 ]. However, the yield of abdominal CT 
scan in pediatric patients with microscopic hema-
turia is very small, and its use should be consid-
ered carefully in these patients [ 19 ].

   Some groups have raised concerns that this 
approach (CT scan for microscopic hematuria 
>5 RBC/hpf) results in the performance of 

many unnecessary CT scans which have no 
impact on clinical course. These groups support 
the use of established adult trauma criteria for 
CT scan in the pediatric population; i.e., CT 
scan is reserved for patients with gross hematu-
ria or are that are clinically unstable [ 19 ,  20 ]. A 
study simulating this approach in 27 children 
with microscopic hematuria after blunt trauma 
showed that only one patient had a Grade IV 
injury; the kidney was found to be uninjured at 
surgery [ 11 ] and in retrospect misdiagnosed by 
CT scan. 

 Ultrasonography (US) evaluation for renal inju-
ries is enticing, as it does not require radiation and 
can be performed at the bedside, but it lacks sensi-
tivity for detecting solid-organ and vascular inju-
ries. However, if the decision is made to limit CT 

Grade I

Grade IV Grade V

Grade II Grade III

  Fig. 20.5    American    Association for the Surgery of Trauma ( AAST ) organ injury scaling for kidney injury, Grade I–V 
(From Vanni and Wessells [ 51 ],   www.acssurgery.com    . Reprinted with permission. Copyright Decker Publishing)       
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scanning only to children with gross hematuria, 
major trauma, or clinical instability, then one may 
consider use of Doppler US for screening patients 
with blunt abdominal trauma and microscopic 
hematuria [ 19 ]. At our institution we mainly use 
US for long-term follow-up of renal injuries.  

   CT Protocol for Trauma 

 A single portal venous phase IV contrasts abdom-
inal and pelvis study is performed for any abdom-
inal trauma including for renal trauma. If any 
renal injury is detected, 5 min delayed CT scan is 
performed to evaluate for contrast extravasation. 
To reduce the radiation dose, a split-bolus CT 
urographic technique has been introduced [ 21 ]. It 
is possible to use three split contrast boluses and 
scan only once and get all three phases which is 
our current preference for evaluating vascular, 
parenchymal, and collecting system injuries 
(Fig.  20.6 ) and for follow-up. We use three con-
trast phases in a single CT scan (Fig.  20.7 ).

       Grading 

 Grade I injuries are defi ned as hematuria with a 
normal CT, renal parenchymal contusion, or non-
expanding subcapsular hematoma without paren-
chymal laceration. This is the least severe renal 
injury and accounts for approximately 80 % of all 
renal injuries [ 18 ]. Typical CT fi ndings consist of 
ill-defi ned or discrete areas of decreased contrast 
enhancement or with subcapsular hematoma. A 
subcapsular hematoma is found between the 
renal capsule and the parenchyma and demon-
strates a crescent or elliptical shape, often 
deforming the parenchyma beneath. A large sub-
capsular hematoma may cause severe enough 
compression to impair renal perfusion, resulting 
in hypertension and a “Page” kidney. Patients 
with Grade I renal injuries may be observed but 
frequently do not require admission, bed rest, or 
any serial laboratory investigations. No follow-
 up imaging is typically necessary [ 22 – 24 ]. 

 More severe renal injuries occur when the 
parenchyma tears or splits and include both 

Grade II and III injuries, determined by depth of 
laceration. A Grade II injury is defi ned as either 
a nonexpanding perirenal hematoma or renal 
cortical laceration that extends less than one cm 
(Fig.  20.1 ). A parenchymal laceration appears 
as a linear or wedge-shaped defect in the renal 
enhancement. On CT scan Grade III lacerations 
extend greater than 1 cm into the renal cortex 
but do not extend into the collecting system. A 
perinephric hematoma appears on CT as an ill- 
defi ned, high-density fl uid collection between 
renal parenchyma and Gerota’s fascia, rarely 
deforming the renal contour (Figs.  20.3 ,  20.8 , 
and  20.9 ). Throughout multiple series Grade I–III 
injuries account for over 90 % of all renal injuries 
and are without question managed conservatively, 
e.g., bed rest and serial laboratory investigations, 
and do not often necessitate  follow- up imaging 
nor intervention [ 22 – 24 ].

    Grade IV renal injuries extend through the 
renal cortex, through the medulla, and into the 
collecting system, possibly resulting in urinary 
extravasation. CT delayed phase may show 
extravasation of urine into the perirenal space 
(Figs.  20.4 ,  20.6 , and  20.10 ). Urinary extravasa-
tion does not necessitate surgical intervention as 
over 80 % spontaneously resolve. Follow-up by 
US can be performed to evaluate change in the 
extrarenal fl uid collection (Fig.  20.9 ). An injury 
to the hilum, either venous or arterial, is also con-
sidered a Grade IV renal injury. Grade IV injuries 
including thrombosis, dissection, or injury to the 
renal vasculature result in segmental infarcts. CT 
scan may demonstrate active arterial extravasa-
tion, which can be managed with angiographic 
embolization (Fig.  20.10 ). Infarcts appear as 
well- circumcised linear or wedge-shaped areas 
without enhancement.

      Grade IV renal injuries involve any injury 
to collecting system, including the renal pelvis. 
Ureteropelvic junction (UPJ) disruption is more 
commonly seen in pediatric patients, typically 
resulting from a deceleration injury. A complete 
UPJ avulsion is diagnosed by lack of contrast in 
the distal ureter, but a partial UPJ avulsion may 
demonstrate ureteral contrast. Contrast-laden 
urine located medial to the renal pelvis and UPJ 
is often seen in injury to UPJ or the renal pelvis. 
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 Treatment of nonvascular Grade IV renal 
injury varies, but most can be managed conserva-
tively and will not require intervention. Urinomas 
may require a ureteral stent or percutaneous 

drainage in approximately 15 %, while only 10 % 
require open surgical exploration. One study has 
shown that medial urinary extravasation on initial 
CT scan increases risk for necessitating urologic 

a b

c

  Fig. 20.6    Right    Grade IV renal injury in a 5-year-old 
boy who fell landing on his right fl ank. He later developed 
hematuria. Initial CT scan demonstrated Grade IV right 
renal laceration. A follow-up post-IV contrast CT scan was 
performed with three-phase technique ( arterial, parenchy-
mal, and excretion) in one scan. Volume  rendering ( a ) and 

axial view demonstrate good opacifi cation of the aorta 
and major branches including the renal arteries. ( b ) In the 
right kidney there is inferior pole triangular-shaped lac-
eration with contrast extravasation ( arrows ). A 7-month 
follow-up ultrasound ( c ) demonstrates lower pole scarring 
( arrows ) and atrophy       

2nd bolus1st bolus 3rd bolus

Scan
7 minutes

60 sec 25 sec

  Fig. 20.7     Protocol.  Contrast volume = 2 mL/kg body weight 
 1st bolus = 0 s, 20 % contrast volume 
 2nd bolus = 420 s after the start of the 1st bolus, 35 % of contrast volume 
 3rd bolus = 60 s after the start of the 2nd bolus, 45 % of contrast volume 
 Scan after 25 s from the start of the 3rd bolus       
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intervention. This same study suggested that lack 
of fi lling of the ipsilateral ureter is concerning for 
UPJ disruption, which likely will require surgical 
intervention. 

 Grade V injuries denote a shattered or devas-
cularized kidney or complete avulsion of the 
renal hilum resulting in devascularization of the 
kidney. Radiographic appearance of a shattered 
kidney demonstrates multiple Grade IV injuries, 
with infarcted, devitalized areas coupled with 
urinary extravasation secondary to trauma to the 
collecting system (Fig.  20.11 ).

   Injuries to the renal hilum may not result in 
hematuria but are almost always associated with 
signifi cant injuries to other organs. The most 
common hilar injury is renal artery occlusion 
secondary to acute stretching of the renal artery 
causing intimal tearing, arterial dissection, and 
vessel occlusion. CT will demonstrate a well-
defi ned segment or global absence of renal 
enhancement but reniform contour is maintained 
(Figs.  20.12  and  20.13 ). Right renal artery 
 injuries may also demonstrate retrograde fi lling 
of the right renal vein from the inferior vena 
cava. Collateral perfusion may result in enhance-
ment to the capsule and subcapsular areas, also 

known as the cortical rim sign, but several hours 
are required for the appearance of this sign. 
Isolated renal vein injuries are particularly 
uncommon, and renal vein thrombosis is often 
seen in concert with arterial or parenchymal 
injuries. CT will show renal enlargement, 
decreased early nephrogram, and prolonged cor-
ticomedullary nephrogram with delayed or 
absent opacifi cation of the collecting system. 
Laceration of the renal vein demonstrates medial 
or circumferential subcapsular or perinephric 
hematoma.

    The management of a Grade V renal injury is 
complex and should be tailored to each patient, as 
each individual represents a unique injury. 
Conservative management is possible in Grade V 
renal injuries, but often an interventional radiol-
ogy or surgical intervention is necessary. 
Follow-up imaging is necessary to assess for 
expanding hematoma or urinoma. Findings on 
early  follow-up imaging may necessitate percuta-
neous drains, percutaneous nephrostomy tubes, 
or ureteral stents for further management. 
Nephrectomy may be required for unstable 
patients or unsalvageable renal injuries; however, 
renorrhaphy should always be attempted prior to 
nephrectomy. 

 Vascular injuries seen in Grade IV and Grade 
V renal trauma may necessitate renal angiogra-
phy (Fig.  20.10 ). CT scan remains the initial 
study of choice, unless the patient is too unstable 
and requires immediate operative intervention. 
Vascular extravasation may be detected on CT 
scan; however, it is less sensitive compared to 
angiography. Angiography with transcatheter 
embolization may be required in patients with 
arteriovenous fi stula, pseudoaneurysm, or an 
active arterial bleeding [ 25 ]. 

 Currently no consensus exists regarding sub-
sequent imaging after initial CT scan in this pop-
ulation, and a follow-up CT scan may be 
necessary during hospitalization for Grade IV 
and V injuries. In the past a repeat CT scan was 
routinnely obtained at 48 h to assess for persis-
tent urinary extravasation [ 26 ]. This practice is 
evolving and at our institution we use renal US 
for routine follow-up to evaluate for change in 

  Fig. 20.8    Right Grade III renal injury in a 15-year-old 
boy stabbed with crooked hook accidentally while playing 
with his sister at home. Delayed post-contrast CT scan of 
the abdomen demonstrates a laceration in the right kidney 
( arrow ) with small perirenal hematoma ( arrowhead ). 
There is no contrast extravasation       
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perirenal hematoma and urinoma (Fig.  20.10 ). 
Repeat CT scans are used selectively in the pres-
ence of persistent ileus, fever, worsening fl ank 
pain, hemodynamic instability, increasing pain, 
fever, leukocytosis, decreasing hematocrit, 
enlarging hematoma as urinoma or increasing 
blood transfusion requirements [ 24 ]. 

 Long-term follow-up imaging after Grade IV 
or V renal injuries with a renal ultrasound is 
often necessary to determine resolution of 
hematoma or urinoma. No defi nitive follow-up 
protocol exists, but we typically repeat ultra-
sounds every few months until complete or near 
resolution of renal defect, hematoma, or uri-
noma. Patients should undergo routine blood 
pressure evaluation for hypertension screening. 
A nuclear renogram should be obtained if a 
devascularization injury occurred to determine 
residual renal function or if post-trauma hyper-
tension is present [ 27 ,  28 ]. 

 Unstable trauma patients that require immedi-
ate surgical exploration should undergo an intra-
operative intravenous pyelogram (IVP) to assess 
for presence of enhanced kidneys and collecting 
system. It can help determine if renal or ureteral 
intervention is necessary. Intraoperative IVP is 
performed by intravenous injection of 1.5–
2.0 mL/kg dose of intravenous contrast and 
abdominal X-ray at 10–15 min.  

   Ureter 

 Isolated traumatic pediatric ureteral injuries are 
exceedingly rare and are often the result of pen-
etrating injury or severe blunt trauma where there 
is signifi cant deceleration injury. The ureter is 
well protected by the psoas muscle and bony pel-
vis throughout its course in the retroperitoneum. 
The upper ureter is susceptible to injury despite 
the ureter being protected by the vertebral  column 
and paraspinal muscles. The ureter is small, fl ex-
ible, and mobile making injury more likely by 
penetrating trauma than blunt trauma. Blunt ure-
teral trauma from severe deceleration injuries 
may result in avulsion of the ureter from the renal 
pelvis secondary to extreme hyperextension. 
Hematuria is a poor predictor of ureteral injury; 
one study showed less than 20 % of patients with 
ureteric injury had hematuria[ 29 ]. 

 An opacifi ed ureter on delayed post-contrast 
CT scan makes a ureteral injury unlikely. 
Findings of ureteral injury include contrast 
extravasation and large fl uid collection in the 
perinephric space without contrast in the ureter 
(Fig.  20.14 ). Unstable patients requiring emer-
gent operative intervention can be evaluated with 
an intraoperative single-shot IVP [ 25 ]. No pub-
lished evidence supports the use of US in evalua-
tion for acute ureteric trauma [ 30 ].

a b

  Fig. 20.9    Left Grade III renal injury in a 15-year-old boy 
with a history of factor IX defi ciency who was hit on the 
left fl ank during football practice and subsequently began 
having increased abdominal pain. ( a ) Initial and ( b ) 

delayed post- contrast IV contrast CT scans demonstrated 
left renal laceration ( arrow ) with perirenal hematoma 
( arrowhead ). ( b ) Delayed CT scan did not demonstrate 
contrast extravasation       
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  Fig. 20.10    Right    Grade IV renal injury in a 15-year-old 
boy that was crashing into a tree while mountain biking. 
( a ) Post-IV contrast CT scan demonstrates laceration of 
the lower pole of the right kidney with massive retroperi-
toneal leak of contrast (contrast in the renal system was 
secondary to prior outside CT scan). Hemoglobin drop in 
the second day of admission led to renal angiography 
study. ( b ) Selective catheterization of a second-order 
branch of the lower pole demonstrated small extravasa-

tion from terminal arteries ( arrow ). ( c ) Three terminal 
branches were successfully embolized with microcoils. 
( d ) Two-week follow-up ultrasound demonstrated right 
renal hydronephrosis with moderate dilation of the renal 
pelvis ( P ), lower pole laceration ( arrowhead ), and large 
(an  arrow  with  two arrowheads ) urinoma. ( e ) 
Nephrostomy ( arrow ,  N ) and pigtail drainage to the uri-
noma ( arrow ,  U ) were placed       
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   Cystoscopy and retrograde pyelogram (RGP) 
should be performed when CT urogram is incon-
clusive. The diagnosis of a ureteral injury is made 

by extravasation of contrast (RGP). Direct visual-
ization of the ureter at laparotomy and retrograde 
pyelogram are most defi nitive in diagnosing a ure-
teral injury. Ureteral injuries are often missed on 
initial trauma evaluation possibly secondary to 
late presentation from devascularization or subop-
timal CT scan without delayed post-contrast 
phase. The surgeon must remain vigilant in the 
pediatric patients with high-risk penetrating inju-
ries or severe blunt trauma [ 30 ,  31 ]. 

 CT imaging, antegrade nephrostogram, and 
RGP are useful to evaluate for a ureteral injury. 
CT scan may demonstrate ascites, localized fl uid 
collections or urinomas, hydronephrosis, and 
contrast extravasation. Antegrade nephrostogram 
and RGP will show extravasation of contrast with 
instillation of ureteral contrast. 

 Ureteral injuries range from simple contu-
sions to complex lacerations or avulsions, all 
necessitating variable interventions depending 
upon the location of the injury. These surgical 
decisions are heavily impacted by the location of 
injury, amount of ureteral tissue loss, and stabil-
ity of the patient. Regardless, these complex ure-
teral injuries will require internal ureteral stenting 
and bladder drainage [ 30 ]. Initially, percutaneous 
drainage via nephrostomy tubes or percutaneous 
drainage of the associated urinoma may suffi ce 
for certain injuries. For contusions and minor lac-
erations, ureteral stenting and primary repair are 
paramount, but large ureteral tissue loss may 
require a ureteral reimplantation, psoas bladder 
hitch, Boari fl ap, nephropexy, or a combination 
of the above. In extensive ureteral injury, com-
plete ureteral replacement with intestine may be 
necessary. 

 In adults iatrogenic ureteral injuries occur 
more frequently then traumatic injuries; how-
ever, in the pediatric population the reverse is 
true [ 32 ]. Iatrogenic injuries most frequently 
occur during pelvic surgery. Intraoperative 
injury identifi cation and repair is ideal. However, 
if one suspects a ureteral injury, an intraopera-
tive retrograde pyelogram can assess for ure-
teral injury. If presentation is delayed, a CT 
urogram may be useful to diagnosis ureteral 
injury, but RGP remans the gold standard [ 30 , 
 32 ,  33 ].  

  Fig. 20.11    Right Grade V renal injury to the upper pole 
in a 10-year-old girl who fell from a dresser. Axial post- 
contrast CT scan shows shattered right upper pole ( arrow ) 
with a large ( arrowheads ) retroperitoneal hematoma       

*
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  Fig. 20.12    Right Grade V renal trauma, pancreatic and liver 
lacerations, and severe brain contusion in an 11-year- old boy 
who had motor vehicle accident. Coronal post- contrast CT 
scan demonstrates devascularization of the right kidney with 
active extravasation at the renal pelvis ( arrows ) and moderate 
perirenal hematoma ( arrowhead ). There is large hemoperito-
neum (*) and the spleen is devascularized ( S )       
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   Bladder 

 Pediatric bladder injuries are rare and often the 
result of blunt trauma. The adult bladder resides 
deep in the pelvis and is well protected by the 
bony pelvis and rectus musculature. Anatomically 
the pediatric bladder has a larger portion lying 
within the abdominal cavity, making it more sus-

ceptible to blunt trauma, particularly when it is 
full [ 34 ]. Traumatic bladder injuries should be 
suspected in the pediatric patient with signifi cant 
lower abdominal blunt trauma, gross hematuria, 
and pelvic fracture [ 34 ]. 

 Trauma X-ray series include frontal radio-
graph of the pelvis which is useful to identify pel-
vic fractures which are associated with a bladder 

U

L

H

a

c

b

  Fig. 20.13    Right Grade V renal accident to the lower pole 
in a 7-year-old girl who had sledding accident. ( a ) Delayed 
coronal post-contrast CT scan demonstrates devasculariza-
tion of the lower pole of the right kidney ( arrow ,  L ) and 
large perirenal hematoma ( arrowheads ). The upper pole 
( arrow ,  U ) is obstructed with delayed nephrographic 
phase. ( b ) Axial delayed post-contrast CT scan at the level 

of the lower abdomen demonstrates the perirenal hema-
toma ( H ) and a central retroperitoneal dense material com-
patible with contrast extravasation from the collecting 
system. ( c ) Nephrostogram was performed using Seldinger 
technique with 22 gauge Chiba needle ( white arrow ) and 
fl uoroscopic guidance. An 8.5 French locking drain ( black 
arrow ) was placed in the renal pelvis       
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rupture [ 35 ]. Ultrasound is capable of showing 
hematomas or free fl uid but unable to identify 
bladder injury. 

 Suspected bladder trauma should be evaluated 
by cystography via contrast fi lling of the bladder 

through either a suprapubic or urethral catheter. 
We recommend urethral evaluation prior to ure-
thral catheterization in any patient with a severe 
pelvic fracture, given the frequent association 
with urethral injuries in this population. Imaging 

U
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  Fig. 20.14    Left ureteral injury at the ureteropelvic junc-
tion ( UPJ ) and Grade IV renal injury in an 11-year-old 
girl that was knocked by a dog. ( a ) Delayed post-contrast 
CT scan demonstrates extravasation of contrast at the UPJ 
( arrow ) and in the lower abdomen ( b ) enhanced right ure-
ter ( arrow - U ) and left extravasated retroperitoneal con-

trast ( arrow - E ). The left ureter was not enhanced. ( c ) 
US-guided percutaneous left nephrostomy to the posterior 
lower calyx was performed. Contrast injected while the 
patient in prone position demonstrates disruption of the 
UPJ with contrast extravasation. ( d ) Nephroureteral stent 
was successfully placed over a wire       
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can be done with conventional retrograde cystog-
raphy or CT cystography [ 16 ,  36 – 38 ]. In conven-
tional retrograde cystography, the bladder needs 
to be imaged both fully distended, obliquely, and 
emptied to maximize sensitivity and specifi city. 
We use 5 % diluted iodinated contrast solution 
hung 24 in. above table level. In children older 
than 10 years, we administer contrast until 
amount reaches 350 ml or fl ow stops [ 39 ]. If the 
child is younger than age 10, we use a maximal 
volume per patent’s age as follows: volume of 
contrast in milliliters = (age + 2) × 30. 

 Bladder injuries include either contusion or 
rupture. Bladder contusions represent damage to 
bladder mucosa or detrusor muscle, resulting in 
hematuria without any urinary extravasation on 
imaging. The management approach is conserva-
tive with urinary catheter drainage until hematu-
ria resolves, and no follow-up imaging is required 
if the patient voids normally. Traumatic bladder 
ruptures are classifi ed as either intraperitoneal 
(IP) or extraperitoneal (EP). On cystogram an IP 
bladder rupture is diagnosed by contrast within 
the peritoneal cavity and outlining loops of bowel 
(Fig.  20.15 ). EP bladder ruptures are thought to 
have a high association with pelvic fracture and 
appear as contrast extravasation into the perivesi-
cal soft tissue in a fl ame pattern (Fig.  20.16 ).

    Patients with IP bladder rupture will typically 
have abnormal serum chemistries, including 

 elevated creatinine and potassium from peritoneal 
absorption of urine. Treatment of IP rupture is 
immediate surgical exploration and repair of the 
bladder defect, coupled with maximal urinary 
drainage. Treatment of EP bladder rupture is typi-
cally conservative with catheter drainage of bladder 
via either urethra or suprapubic catheter. Operative 
intervention is warranted for EP bladder injuries, 
when bony fragments are in the bladder, injury to 
the bladder trigone, severe hematuria resulting in 
obstruction of the urethral catheter, or plan for oper-
ative intervention for other injuries (e.g., vaginal or 
rectal injury). A follow-up cystogram should be 
performed after 7–14 days of catheter drainage or 
operative repair, and prior to removal of catheter. 

 Patients with bladder augmentation or surgi-
cally created urinary reservoir represent a unique 
population and risk group for bladder trauma. 
Many of these patients have spinal dysraphism or 
other neurologic defi cits resulting in abnormal 
sensation and thus may not present with abdomi-
nal pain. A high index of suspicion for bladder 
perforation in this population should be main-
tained and CT cystogram performed with any 
abdominal blunt trauma. Bladder perforations in 
this population are always intraperitoneal and 
require immediate surgical exploration and 
repair. To reduce the risk of trauma these children 
should be instructed to empty their bladder/reser-
voir prior to any participation in sports [ 40 ,  41 ].  

a b

  Fig. 20.15    Intraperitoneal bladder rupture in a 16-year-
old girl who was in a backseat in a motor vehicle accident. 
( a ) Post-contrast CT scan of the pelvis demonstrates fl uid 

( arrowheads ) in the pelvis around the bladder. ( b ) CT cys-
tography demonstrated large bladder leak ( arrowheads ) to 
the peritoneum       
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   Urethra 

 Pediatric urethral injuries occur in about 3 % of 
all genitourinary traumas [ 34 ]. Urethral injury 
should be suspected in the presence of pelvic 
fractures, straddle injuries or penetrating perineal 
trauma. Clinical symptoms include blood at the 
urethral meatus, inability to void, high-riding 
prostate, and perineal, scrotal, or labial hemato-
mas. A “butterfl y” hematoma is classic for ure-
thral injury distal to the urogenital diaphragm 
[ 42 ] (Fig.  20.17 ).

   Plain fi lms and CT scan of the abdomen and 
pelvis may show a pelvic fracture which may 
suggest urethral injury. An elevated contrast- 
fi lled bladder can be a sign of urethral disruption 
and accumulating hematoma and/or urinoma. 

 Retrograde urethrogram (RUG) is the imag-
ing modality of choice. Depending on the age, 
6 or 12 French Foley catheter is placed with the 
 balloon portion in the fossa navicularis and con-
trast injected. In young children we secure the 
catheter with a tape along the dorsal  surface of 
the penis, and we gently pinch the distal penis 
at the fossa navicularis with the thumb and 
index fi nger. In older children we infl ate the 
balloon with 1–1.5 mL of water. Commonly 
there is a spasm of the external sphincter, which 
can be  overcome by a constant mild pressure. 
Radiographs are taken when any extravasation 
is detected, or the bladder is fi lled with contrast. 
The child is  positioned obliquely with the penis 
stretched laterally to visualize the entire urethra 
including the bladder neck. 

 Stretching of the posterior urethra represents 
the mildest injury to the urethra (Fig.  20.16 ). 
More severe injuries to the urethra result in con-
trast extravasation. Depending on the level of 
injury, contrast extravasation can either below or 
above the urogenital membrane (Fig.  20.18 ). It is 
important to see retrograde opacifi cation of the 
bladder to ensure complete visualization of the 
entire urethra and exclude injury above the pros-
tatic urethra [ 42 ].

   Radiographic evaluation of the female urethra 
is diffi cult given its short length. CT scan and 
cystogram may suggest a urethral injury, e.g., 
soft tissue injuries or bone fragments. Diagnosis 

is usually confi rmed via cystoscopy and should 
be considered in any bladder trigonal injury or 
vaginal injury [ 43 ]. 

 Male urethral injuries are typically classifi ed 
as either bulbar or posterior urethral with differ-
ent etiologies and management. Bulbar urethral 
injuries usually caused by isolated straddle inju-
ries that most commonly cause edema and 
infl ammation and rarely result in urethral lacera-
tions or disruption. These injuries can typically 
be managed with urethral catheterization. 
However, posterior urethral injuries are more 
severe injuries, often characterized by loss of 
urethral continuity [ 44 ]. The adult male posterior 
urethra is protected by mature, well-developed 
prostate; the pediatric prostate provides little sup-
port resulting in more frequent partial or com-
plete avulsion of the posterior urethra [ 44 ]. 

 Management of posterior urethral injury is 
dependent upon location, severity of the injury, 
and physician preference. Urethral realignment 
should be attempted for partial urethral injury but 
requires cystoscopy and suprapubic tube place-
ment to facilitate drainage of the bladder. More 
signifi cant proximal urethral disruption will usu-
ally be managed by proximal diversion with a 
suprapubic tube and delayed reconstruction.  

   Testes 

 Scrotal trauma represents less than 1 % of all 
trauma-related injuries and is usually the result of 
blunt trauma secondary to sport injury or motor 
vehicle accident [ 45 ]. The testicles are protected 
by their mobility and elasticity of the scrotal skin. 
Testicular rupture or fractured testicle refers to a 
disruption of the tunica albuginea and extrusion 
of testicular content. Testicular rupture results 
from a direct blow to the testicle when the testicle 
is trapped between the pubic bone and a crushing 
force. In blunt trauma unilateral testicular injury 
is common, whereas penetrating trauma often 
injures both testicles [ 46 ]. 

 On physical exam, the involved hemiscro-
tum is edematous, swollen, and tender and may 
show the following signs of trauma: laceration, 
ecchymosis, abrasions, or avulsions of scrotal 
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skin. Physical examination is limited in evalu-
ation of testicular injury. Severe testicular 
injury may be suspected when the testicle have 
lost its normal smooth contour. Concomitant 

testicular torsion is more common in children 
and should be suspected when there is abnor-
mal lie of the testicle and absence of cremas-
teric refl ex [ 47 ]. 

 Scrotal US is the gold standard for evaluation 
of scrotal trauma and guides whether conservative 
or surgical management is appropriate. Scrotal 
US can diagnose intra- and extratesticular hema-
toma, a defect in the tunica albuginea, testicular 
rupture, and testicular contusion (Figs.  20.19 , 
 20.20 , and  20.21 ). Color Doppler US allow evalu-
ation of testicular perfusion and diagnose an asso-
ciated testicular torsion [ 48 ].

     Management depends on the mechanism and 
severity of injury. Penetrating scrotal trauma 
requires immediate scrotal exploration, due to 
high proportion of testicular injury and testicular 
salvage surgeries [ 49 ,  50 ]. Blunt trauma can be 
managed conservatively if US and exam do not 
show any evidence of testicular fracture; however 
if testicular fracture is suspected, exploration 
should be performed [ 45 ].     

  Fig. 20.16    Urethral injury with retroperitoneal bladder 
leak in a 12-year-old boy who had a motor vehicle accident 
in which his pelvis was crushed. Retrograde urethrography 
shows multiple pubic fractures (arrowheads), a stretched 
posterior urethra ( arrow U ), pear-shaped bladder, and 
extraperitoneal extravasation of contrast ( arrow ,  E )       

  Fig. 20.17    “Butterfl y hematoma” in an 8-year-old boy 
after sustaining a straddle injury; patient had a negative 
retrograde urethrogram       

  Fig. 20.18    Urethral injury with intact urogenital dia-
phragm in a 15-year-old boy driver of an ATV that rolled 
over. He was unable to urinate and had blood in the 
meatus. Retrograde urethrography shows an area of con-
trast extravasation ( arrow ) below the symphysis pubis. 
The bladder is well opacifi ed. This indicates an injury to 
the posterior urethra with an intact urogenital diaphragm       
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  Fig. 20.19    Right testicular 
fracture in a 17-year-old boy 
who was a pedestrian struck 
by a car. Longitudinal view of 
the right testis shows a 
midtransverse linear 
hypodensity compatible with a 
fractured testis       
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  Fig. 20.20    Right testicular fracture and hematoma in a 
15-year-old boy who was injured in a basketball game. 
Longitudinal view of the right testis shows a midtesticular 
fracture ( arrowheads ). In the lower pole there are 
hypoechoic areas representing hematoma ( H )       

  Fig. 20.21    Right testicular rupture with testicular hema-
toma and hematocele in a 17-year-old boy who had a stick 
injury to the right scrotum. Longitudinal ultrasound of the 
right testis demonstrates budging, swelling heterogenic-
ity, and changes in the upper pole contour suggestive of a 
rupture. In addition there is a moderate hematocele ( H )       
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     Abbreviations 

   CAH    Congenital adrenal hyperplasia   
  CAIS    Congenital androgen insensitivity 

syndrome   
  CT    Computed tomography   
  DSD    Disorders of sexual differentiation   
  MRI    Magnetic resonance imaging   
  MRKH    Mayer-Rokitansky-Kuster-Hauser 

syndrome   
  PET    Positron emission tomography   
  US    Ultrasound   
  VACTERL    Vertebral abnormalities anal 

atresia, cardiac abnormalities, 
tracheoesophageal fi stula, renal 
abnormalities, and limb defects   

  VCUG    Voiding cystourethrogram   

         Introduction 

 An effective approach to abnormalities of the 
female genital tract, intersex conditions, and ano-
rectal malformations requires a clear understand-
ing of the embryology of the genital, urinary, and 
gastrointestinal systems. Paired Müllerian, or 
paramesonephric, ducts develop laterally to the 
mesonephric ducts, which form the trigone, ure-
ters, renal pelvis, and calyces. In the female, 
Müllerian ducts fuse medially to form the fallo-
pian tubes, uterus, and proximal 1/3 of the vagina. 
The close proximity of these two duct systems 
explains the common association of parameso-
nephric abnormalities and ipsilateral renal anom-
alies. The urogenital sinus canalizes in a 
caudal-to-cranial direction to form the distal 2/3 
of the vagina. In the male, the utricle is the distal 
remnant of the Müllerian ducts and a homologue 
of the vagina. It is a small, midline diverticulum 
in the ventral prostatic urethra and is usually 
asymptomatic. Rarely, it can be quite large and 
associated with urinary tract infections, stone for-
mation, abnormal voiding, and infertility.  

   General Concepts in Imaging 
for Patients with Gynecological, 
Disorders of Sexual Differentiation, 
and Anorectal Abnormalities 

 Imaging modalities for patients with gynecolog-
ical, disorders of sexual differentiation, and ano-
rectal abnormalities are chosen to allow proper 
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diagnosis, guide treatment, and detect possible 
associated anomalies in other organ systems. 
Not surprisingly, they are often individualized to 
the particular clinical scenario. Ultrasound (US) 
is the primary imaging modality for evaluation 
of internal genital anatomy and abnormalities. 
Genitography and voiding cystourethrography 
(VCUG) have a role in evaluation of the vagina, 
cervical impression, urethra, urethrovaginal con-
fl uence, and fi stulas. Magnetic resonance imag-
ing (MRI) is used in select cases to better 
delineate anatomy and pathology. It has a larger 
fi eld of view and better contrast resolution, 
which may improve the identifi cation of internal 
gonads and Müllerian structures [ 1 – 3 ]. 
Additional information can be gained by exami-
nation under anesthesia, cystoscopy, vaginos-
copy, hysteroscopy, and laparoscopy. 

   Ultrasonography 

 US is the primary modality for identifying and 
characterization of gonads and Müllerian struc-
tures, as well as any associated upper urinary 
tract anomalies. US has the advantage of being a 
readily available study that does not involve ion-
izing radiation or injection of contrast material 
and is performed without the need for sedation. A 
pelvic US examination should include screening 
of the kidneys and adrenals [ 1 – 3 ]. The normal 
adrenal limb is less than 4 mm in width in a new-
born [ 4 ]. In patients with ambiguous genitalia, 
the groins need to be evaluated for undescended 
or herniated gonads. Identifying only one ovary, 
or being unable to identify either ovary, with US 
may not represent a pathology. In 40 % of 
patients, only one ovary is detected, while neither 
ovary is seen in 16 % [ 5 ]. A perineal approach 
should be used for evaluation of vaginal masses.  

   Genitography 

 Genitography is mainly used to evaluate the 
urethra, Müllerian remnants, or vagina in 
patients with ambiguous genitalia [ 1 – 3 ]. In 
patients with a urogenital sinus or a cloacal 

malformation, we typically place separate 8-Fr 
feeding tubes in the bladder, vagina, and rec-
tum. Contrast material is then injected in a ret-
rograde direction. Another method involves 
retrograde fi lling via an 8-Fr Foley catheter, 
with the balloon infl ated outside the common 
opening. This method is most useful when it is 
not possible to selectively place separate cath-
eters in each anatomical location. Optimally, 
the location of the common orifi ce is delineated 
with a metallic marker. 

 Genitography can assess the degree of urethral 
virilization by its length, the presence of a veru-
montanum, and a distinct separation between 
anterior and posterior urethra [ 1 – 3 ]. In a normal 
male, this ratio is approximately 3:2 [ 2 ]. In 
patients with a cloacal malformation or a urogen-
ital sinus, the level of the confl uence (where the 
urethra and the vagina join) should be evaluated. 
Presence of a cervical impression should be 
noted as it is typically identifi ed in the vagina 
while it is absent in a Müllerian remnant in males 
[ 1 – 3 ].  

   MRI 

 MRI sequences, with their multiplanar capability 
and superior tissue characterization, can provide 
detailed anatomic information. In addition to 
axial and sagittal planes, we also perform coronal 
oblique planes following the main axis of the 
uterus [ 6 ,  7 ]. MRI is more sensitive than US in 
the detection of Müllerian duct structures and 
gonads [ 8 ]. Streak gonads are diffi cult to detect 
with any imaging modality, including MRI, and 
are typically identifi ed laparoscopically. Foci of 
high signal intensity in streak gonads at 
T2-weighted imaging are suggestive of malig-
nant changes [ 7 ]. MRI does not expose patients 
to radiation and is considered the “gold standard” 
for determining internal pelvic anatomy, particu-
larly the presence of a cervix and functioning 
endometrium [ 9 – 11 ]. 

 Both MRI and computed tomography (CT) 
scans have a role in evaluation and staging of 
gonadal tumors secondary to disorders of sex 
development [ 12 ].   

K.M. Szymanski et al.



451

   Gynecological Anomalies 

   Interlabial Masses 

 The differential diagnosis for a girl with an inter-
labial mass is broad. It includes labial adhesions, 
introital cysts, hymenal disorders, a prolapsed 
urethra, a prolapsed ureterocele, a urethral polyp, 
and botryoides rhabdomyosarcoma. Particularly 
if a lesion appears to involve the urethra, workup 
should always include a renal bladder US. 
Several of the lesions described below deserve 
particular radiological attention. 

   Introital Cysts 
 Introital cysts in the newborn can represent a 
mesonephric ductal remnant (Gartner’s duct cyst), 
a paraurethral cyst (Skene’s duct cyst), or a cov-
ered ectopic ureter. Mesonephric ductal cysts can 
be found along the anteromedial wall of the vagina 
[ 13 ]. Paraurethral glands are located just inside 
the urethral meatus and are homologues of the 
male prostatic gland. The two largest glands are 
known as Skene’s glands. In the newborn, para-
urethral ducts can become obstructed with mucus 
produced in response to maternal estrogen stimu-
lation, forming cysts. Paraurethral cysts typically 
displace the urethral meatus, causing an eccentric 
urinary stream. If the urethral meatus is com-
pletely separate from the mass, radiologic evalua-
tion may not be needed to confi rm diagnosis [ 14 ]. 
Paraurethral cysts usually rupture spontaneously, 
but can be drained by a small needle at the bed-
side. Prenatally, an ectopic ureter (usually from 
the upper pole of a duplicated system) can insert 
into the mesonephric system and spontaneously 
rupture, draining into the vagina. If, on the other 
hand, the surface epithelium does not rupture, a 
urine-fi lled cyst will remain in the vaginal wall. 

 A retrograde injection of contrast into the cys-
tic structure can be diagnostic (Figs.  21.1  and 
 21.2 ). Transvaginal incision relieves the obstruc-
tion, but the dysplastic renal moiety may continue 
to produce urine. A nephrectomy (single system) 
or upper pole heminephrectomy or ureteropyelos-
tomy (duplicated system) may be indicated if 
urine production from the dysplastic segment 
leads to incontinence or there is infection.

       Imperforate Hymen 
 Imperforate hymen is likely the most common 
congenital obstructive anomaly in the female 
reproductive tract. The diagnosis of hydrometro-
colpos, or accumulation of fl uid in the vagina and 
uterus, is typically made shortly after birth. The 
distended hymen presents as a whitish bulge in 
the posterior introitus and/or a suprapubic mass 
may be palpable. Whitish vaginal secretions 
build up in the vagina secondary to maternal 
estradiol stimulation of the child’s cervical 
glands. If the diagnosis is delayed after the new-
born period, the mucus might be reabsorbed and 
the bulging hymen no longer evident. If a patient 
presents in adolescence, it is often with primary 
amenorrhea, possible cyclic abdominal pain, or a 
bluish bulging hymen. 

 Abdominal and pelvic US allows for visual-
ization of the vagina and uterus, as well as the 
upper urinary tract, which can be obstructed by a 
dilated vagina (Fig.  21.3 ). Reimaging is needed 
to confi rm upper tract decompression after an 
incision of the hymen.

   Repair in the newborn consists of a transverse 
incision of the hymenal tissue. A longitudinal 
incision would risk injury to the urethra and 

  Fig. 21.1    Introital cyst. A 10-month-old girl with a persis-
tent vaginal cyst. Intraoperative injection of contrast dem-
onstrated the vaginal cyst ( arrow ). The cyst was unroofed       

 

21 Disorders of Sexual Differentiation, Gynecological, and Anorectal Abnormalities



452

 rectum. Simple aspiration is inadequate as 
incompletely evacuated material may become 
infected. In pubertal girls, a hymenectomy of 
excess tissue may be needed. This condition 
does not appear to predispose to primary infertil-
ity or fetal loss.  

   Prolapsed Ureterocele 
 A ureterocele is a cystic dilation of the distal 
ureter. It is classifi ed as ectopic when it extends 
distal the bladder neck. If it is large enough, an 

ectopic ureterocele can prolapse through the 
urethra, making visualization of the meatus and 
vagina diffi cult. With time, the mucosa prolaps-
ing through the urethral meatus changes from 
pink to congested, dusky purple. In infancy, the 
ureterocele can prolapse during voiding, result-
ing in secondary bladder outlet obstruction, 
urinary retention, and a urological emergency 
[ 15 ]. Management of a prolapsed ureterocele 
involves manual reduction, often under anesthe-
sia and urethral catheterization for several days. 
Treatment consists of needle decompression 
or incision with reduction followed by urethral 
catheterization. Later, defi nitive surgical therapy 
may be required. 

a

b

  Fig. 21.2    Ectopic ureterocele. A 2-week-old girl with an 
ectopic ureterocele presented at delivery as an interlabial 
mass. ( a ) Transperineal transverse ultrasound demon-
strated a cystic mass ( arrow ) at the introitus. The vagina 
was not distended. Both kidneys were normal. ( b ) 
Intraoperative fl uoroscopy with contrast injection to the 
cystic structure demonstrated an ectopic ureterocele 
( arrow ) and a highly tortuous cystic dysplastic atretic ure-
ter ( arrowhead ) likely to represent the ureter of an invo-
luted right upper pole       

a

b

  Fig. 21.3    Imperforate hymen. A 1-day-old girl with 
imperforate hymen presented as a round pink mass pro-
truding through the vagina. ( a ) High-resolution longitudi-
nal ultrasound demonstrated the uterus ( arrow ,  UT ) and a 
distended vagina appearing as a rounded cystic mass 
( mass ) with echogenic debris. ( b ) Transverse perineal 
high-resolution ultrasound demonstrated the distended 
vagina and the hymen bulging through the introitus       
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 About 90 % of ectopic ureteroceles drain the 
upper pole of a duplicated collecting system. A 
renal bladder US in the setting of a prolapsed ure-
terocele is performed to assess for collecting sys-
tem duplication and upper pole hydronephrosis 
(Fig.  21.4 ). Retrograde pyelography can help 
delineate the relevant anatomy. Subsequent eval-
uation of the ureterocele also includes a VCUG 
to rule out concomitant vesicoureteral refl ux and 
bladder abnormalities, as well as a nuclear medi-
cine scan to determine split renal function.

      Botryoides Rhabdomyosarcoma Tumor 
 Rhabdomyosarcoma is the fifth most com-
mon malignancy of childhood, accounting 

for 4–8 % of malignant disease in children 
under 15 years old [ 16 ]. Tumors arise from 
embryonal mesenchyme, a precursor of stri-
ated muscle. Histologic classification includes 
favorable histology, namely, embryonal rhab-
domyosarcoma, with botryoid and spindle 
cell variants, as well as unfavorable histology, 
including alveolar, anaplastic, or undifferen-
tiated [ 17 ]. About 29 % of cases of rhabdo-
myosarcoma are genitourinary in origin and 
most are embryonal [ 17 ]. Its botryoid variant 
has the best prognosis, with a 95 % 5-year 
survival [ 17 ]. Vaginal primary has the best 
 prognosis of all female genital tract primary 
tumors, owing to favorable histology and early 
detection [ 18 ]. 

 These tumors typically occur in children 
younger than 4 years old [ 17 ]. The classic, and 
most common, presentation of sarcoma botryoi-
des is an interlabial, prolapsing mass arising from 
the vagina, bladder, or, rarely, cervix, resembling 
a “bunch of grapes.” Other presentations include 
an abdominal mass, bladder outlet obstruction, 
vaginal discharge, hematuria, bleeding, or pass-
ing of tumor fragments [ 17 ]. 

 Workup involves a thorough history, physi-
cal exam, serum tests, and imaging. Initial 
imaging is performed with a US to confi rm the 
tumor (Fig.  21.5 ). Cross-sectional imaging with 
CT or MRI is recommended to assess the tumor, 
lymph node involvement, and possible metasta-
ses. CT may be superior in assessing abdominal 
lymphadenopathy, although MRI is often rec-
ommended because it lacks ionizing radiation 
[ 19 ]. Limitations of MRI include the following: 
edema after radiotherapy can be misinterpreted 
as residual disease in 20 % of cases [ 20 ], bright 
urine on T2 imaging may obscure bladder wall 
tumors, and, on a delayed post-intravascular 
contrast scan, gadolinium can confuse interpre-
tation when it layers in the bladder. Therefore, 
we perform multiphase post-contrast MRI in 
the evaluation of pelvic masses, which include 
an arterial, venous, and delayed phase [ 21 ]. 
Importantly, the same modality needs to be 
used for follow-up after therapy. Contrast cys-
tograms and IVPs are rarely required today. 
Bone marrow biopsy and bone scintigraphy can 

a

b

  Fig. 21.4    Ectopic ureterocele. A 1-week-old girl with a 
prolapsed cecoureterocele of right hydronephrotic upper 
pole kidney. ( a ) Right longitudinal ultrasound demon-
strated distended bladder with ureterocele ( U ) at the blad-
der base. ( b ) VCUG demonstrated a partially everted right 
ureterocele ( arrow ) that has prolapsed through the bladder 
neck to the urethra ( arrowhead )       
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assess distant spread. PET is not considered a 
standard staging modality for rhabdomyosar-
coma [ 22 ].

   Diagnosis requires adequate biopsy, prefera-
bly by endoscopy, which is less invasive than 
percutaneous biopsy and avoids needle tract 
seeding. If endoscopic biopsy is not possible, 
percutaneous core biopsy with a Tru-Cut needle 
or surgical biopsy can also be considered. Fine- 
needle biopsy is often inadequate. Treatment is 
multimodal, involving multi-agent chemother-
apy, surgical excision, and possible adjuvant 
radiation. Therapy is aimed at preserving func-
tion, especially of the bladder, without affecting 
survival.   

   Internal Gynecological Abnormalities 

   Vaginal Agenesis, or Mayer-Rokitansky- 
Kuster-Hauser (MRKH) Syndrome 
 Vaginal, or Müllerian, agenesis is a congenital 
absence of the proximal vagina in a phenotypi-
cally, chromosomally, and hormonally normal 
female. It is also known as the Mayer-Rokitansky- 
Kuster-Hauser (MRKH) syndrome. Etiology 
involves Müllerian aplasia secondary to failure of 
the sinovaginal bulb to develop and form a vagi-
nal plate. On physical exam, external genitalia 
are normal. A small vaginal pouch and hymenal 
fringe are usually present, as they are derived 
from the urogenital sinus which develops nor-
mally. Patients often present with primary amen-
orrhea, usually without pain. 

 Vaginal agenesis is associated with variable 
absence or hypoplasia of the cervix, uterus, and 
fallopian tubes. An obstructed, normal, or rudi-
mentary uterus with functional endometrium is 
found in only 10 % of patients [ 23 ,  24 ]. The 
majority of girls have a solid rudimentary uterus 
and rudimentary fallopian tubes. Although occa-
sionally cystic, the ovaries are almost always 
present and functional [ 25 ]. 

 Two types of MRKH have been described. In 
typical (Type A) MRKH, patients have symmet-
ric uterine remnants and normal fallopian tubes, 
without abnormalities in other body systems. 
Atypical (Type B) MRKH is characterized with an 
asymmetric uterus and abnormal fallopian tubes. 
The atypical form is associated with renal anom-
alies, such as agenesis or ectopia, and skeletal 
abnormalities, including scoliosis, cervical verte-
brae, and hand and facial abnormalities including 
scoliosis, cervical vertebral fusion (Klippel-Feil 
syndrome) as well as hand and fascial abnormali-
ties [ 26 ]. The anomalies are part of the Müllerian 
duct aplasia, renal aplasia, and cervical somite 
dysplasia (MURCS) association. Unlike cloacal 
anomalies, vaginal agenesis is not associated with 
lumbosacral spinal disorders [ 26 ]. 

 Surgical management has traditionally 
included vaginal dimple invagination and skin 
graft neovagina. Today, vaginal dilation is typi-
cally the fi rst line of management, prior to con-
sidering surgery. Modern techniques involve 

a

b

  Fig. 21.5    Rhabdomyosarcoma. A 2-year-old girl with a 
botryoid rhabdomyosarcoma of the vagina presented with 
a mass protruding from the vagina. ( a )  US . Longitudinal 
ultrasound demonstrated a distended vagina ( arrow V ) 
with a heterogeneous hypoechogenic solid mass with mild 
vascularity. The uterus ( arrow U ) is normal. ( b )  CT . Post- 
contrast CT scan demonstrated the vaginal mass ( arrow ). 
There was no evidence for lymphadenopathy       
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vaginal substitution using intestine, made of 
either sigmoid or ileum [ 27 ,  28 ].  

   Abnormalities of Vertical Fusion 
  Transverse vaginal septum  is caused by a failure 
of fusion and/or canalization of the urogenital 
sinus and Müllerian ducts. Patients present with 
primary amenorrhea and other symptoms of 
obstruction, such as abdominal discomfort or 
pain. Septa are usually less than 1 cm thick and 
have a small central or eccentric perforation [ 29 ]. 
They most commonly occur in the upper (46 %) 
and middle (40 %) vagina [ 30 ]. Hematometrocolpos 
from retained menses needs to be treated to 
improve symptoms and preserve fertility. Patients 
with a history of transverse vaginal septum have a 
higher risk of spontaneous abortions, endometrio-
sis, and infertility [ 31 ]. Rarely is the etiology of 
hydrometrocolpos, as seen on US, not obstructive. 
In our experience, severe vaginal voiding with 
distension of the vagina with accumulated urine 
can mimic hydrometrocolpos, with the character-
istic resolution once the distended vagina drains 
by changing body position [ 32 ] (Fig.  21.6 ).

   Transperineal, transrectal, and abdominal US 
and MRI may help establish the diagnosis and 
delineate the thickness and location of the sep-
tum [ 9 ,  10 ]. In addition, MRI can help determine 
whether a cervix is present, to differentiate a 
high septum from a congenital absence of the 
cervix. 

 Surgical treatment includes simple incision 
or excision of the septum with approximation of 
upper and lower mucosal edges [ 31 ] and 
Z-plasties [ 33 ]. Skin grafts to enlarge the vagina 
carry a higher risk of subsequent vaginal steno-
sis [ 34 ]. 

  Vaginal atresia  occurs when the urogenital 
sinus fails to contribute to the formation of the 
lower (distal) portion of the vagina. This condi-
tion differs from vaginal agenesis or androgen 
insensitivity syndrome in that the upper vagina, 
uterus, fallopian tubes, and ovaries are normal. A 
shallow dimple caudad to the urethral meatus and 
a distended vagina and uterus may be noted on 
physical examination. Patients present with pri-
mary amenorrhea and pain or a mass secondary 
to retained menses. 

 US and/or MRI evaluation is needed to 
delineate the Müllerian anatomy. Surgical 
treatment involves a transverse incision at the 
level of the hymenal ring. After drainage of 
retained menstrual blood, the vaginal mucosa 
is identifi ed and a vaginal pull-through per-
formed to bring the distended vagina to the 
introitus, with possible use of skin fl aps and 
vaginal mobilization.  

   Abnormalities of Lateral Fusion 
 Failure of Mullerian duct lateral fusion leads to a 
spectrum of anomalies of duplicated reproduc-
tive structures. True uterine duplication is rare 
and the two uteri more often present as uterine 
horns. They range from complete uterine and 
cervical duplication ( didelphys uterus ) with or 
without a longitudinal vaginal septum leading to 
two vaginas (Figs.  21.7 ,  21.8 , and  21.9 ), through 
two uterine horns and one cervix ( bicornuate 
uterus ) (Fig.  21.10 ), to a single uterus with a 
midline septum and a single cervix ( septate 
uterus ).

      Most patients are asymptomatic, with the 
exception of uterus didelphys with unilateral 
vaginal obstruction. Although the patient might 
experience cyclic or chronic abdominal pain, she 
does not present with primary amenorrhea 
because the contralateral vagina is not obstructed. 
Abdominal US and MRI are excellent modalities 
to outline these anatomical variants. Renal anom-
alies, particularly renal agenesis followed by 
ectopia, are common on the ipsilateral side of the 
obstructed or maldeveloped system [ 35 ] 
(Fig.  21.8d ). Treatment involves a wide trans-
vaginal marsupialization of the vaginal septum to 
release trapped menstrual blood.    

   Anomalies in Disorders of Sexual 
Differentiation 

 Disorders of sexual differentiation (DSD) require 
a multidisciplinary approach. A thorough and 
timely workup allows for appropriate diagnosis, 
management of any acute medical problems, 
parental counseling, and gender assignment. It 
includes the physical exam, imaging,  karyotyping, 

21 Disorders of Sexual Differentiation, Gynecological, and Anorectal Abnormalities



456

a

c

b

  Fig. 21.6    Vesicovaginal refl ux. A 6-year-old girl with a 
UTI and refl ux of urine to the vagina mimicking hydro-
colpos. Longitudinal ( a ) and transverse ( b ) ultrasound 
demonstrated distension of the vagina ( V ). The bladder 

( B ) is nearly empty. ( c ) Repeated post-void ultrasound 
demonstrated that the vagina ( arrow V ) was completely 
emptied (B-bladder)       
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biochemical and hormonal testing, as well as 
possible laparotomy or laparoscopy with tissue 
biopsy. 

 Gonads in individuals with DSD and a Y chro-
mosome are at an elevated risk of developing 
gonadoblastoma and dysgerminoma. Management 
involves either a gonadectomy or, with appropri-
ate counseling in children raised male, an orchido-
pexy. This allows for an early detection of possible 
malignant transformation (Fig.  21.11 ).

     Complete Androgen Insensitivity 
Syndrome 

 Complete androgen insensitivity syndrome 
(CAIS), formerly known as testicular feminiza-
tion syndrome, is characterized as a phenotypic 
female with a 46XY karyotype. Patients pres-
ent in infancy either with an inguinal hernia or 
a palpable gonad which turns out to be a testi-
cle or in adolescence with primary amenorrhea. 
Pubic hair is sparse or absent and the vagina is 
short and blind-ending without a cervix. Internal 
female organs are absent. The testes are located 
along the tract of testicular descent, being intra- 
abdominal, inguinal or in the labia majora. 

 The absence of internal female organs can 
be confi rmed with US. Detection of  epididymal 

cysts on an abdominal-pelvic MRI can help in 
localization and characterization of the gonads 
(Fig.  21.12 ). Given a predisposition to gonadal 
tumors (Fig.  21.13 ), follow up imaging (US or 
MRI) is advocated. Other option is surgical explo-
ration offers the benefi t of diagnosis with a pos-
sible simultaneous prophylactic orchiectomy.

       Ovotesticular Disorder of Sexual 
Differentiation 

 Individuals with ovotesticular disorders of sex-
ual differentiation, traditionally known as true 
hermaphrodites, have both testicular tissue with 
well-developed seminiferous tubules and ovar-
ian tissue with primordial follicles. Dysgenetic 
 testicular tissue lacks spermatogonia, the ovarian 
tissue is typically normal. Most commonly, a nor-
mal gonad presents on one side and an ovotesticle 
on the other (Fig.  21.14 ), but gonads can take the 
form of one ovary and one testis or two ovotestes 
[ 36 ]. Patients present before puberty with abnor-
mal external genitalia [ 37 ], but some present later 
in life with normal, or almost normal, male or 
female phenotype [ 38 ]. Undescended gonads and 
inguinal hernias are common.

   In general, laparoscopy, rather than imaging, 
is recommended to delineate gonadal anatomy. 
Gonadal biopsy, either by laparotomy or laparo-
scopically, allows for tissue diagnosis, but should 
be performed only if the fi ndings would infl u-
ence the gender of rearing. A deep incision 
should be made in the gonad, since the ovarian 
component of the ovotesticle may completely 
surround the testicular component or be found at 
the poles [ 39 ]. 

 Treatment and sex assignment depends on the 
age at diagnosis and anatomical considerations. 
Male sex assignment is considered when there is 
good phallic size with a correctable hypospadias 
and suffi cient testicular tissue which can be 
brought down to the scrotum. Testicular tissue 
preservation may allow spontaneous puberty, but 
not fertility. Female sex assignment is considered 
if internal female organs are present, particularly 
if ovarian tissue can be preserved. These patients 
are potentially fertile.  

  Fig. 21.7    Didelphys uterus. A 1-day-old girl with soli-
tary right kidney and didelphys uterus. Transverse ultra-
sound demonstrated two separate cervices ( arrow )       
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  Fig. 21.8    Didielphys uterus and hydrometrocolpos. A 
15-year-old girl with uterus didelphys and left hydrome-
trocolpos due to distal vaginal agenesis. She presented 
with abdominal mass and painful menses. ( a ) Right longi-
tudinal ultrasound demonstrated normal right uterus 

( arrow ,  U ) and bladder ( B ). ( b ) Left longitudinal ultra-
sound demonstrated hydrometrocolpos. ( c ) Left sagittal 
T2 MRI demonstrated left hydrometrocolpos ( U ) and a 
large endometrioma cyst ( E ). ( d ) Coronal T2 MRI shows 
a solitary right kidney ( arrow )       
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   Urogenital Sinus 

 In urogenital sinus anomalies, the vagina and the 
urinary tract communicate and exit on the 
perineum as a single channel. Although the com-
munication can occur in any location between the 
bladder neck and the urethral meatus, most cases 
involve the distal two thirds of the urethra. Rather 
than the length of the common channel, the most 
important clinical variable in surgical manage-
ment is the location of the confl uence of the uri-
nary and genital tracts in relation to the bladder 

neck [ 40 ]. A urogenital sinus is found in genital 
ambiguity states (most commonly in CAH), in 
pure urogenital sinus (with normal external geni-
talia), in cloacal anomalies (with additional rectal 
involvement), and in female exstrophy. 

  Urogenital sinus in genital ambiguity  deserves 
special mention. These DSD states are most often 
secondary to CAH. The most common enzymatic 
defect in CAH is 21-hydroxylase defi ciency, with 
67–75 % of these patients having signifi cant salt 
wasting [ 41 ,  42 ]. On the other hand, children 
with an 11β-hydroxylase defi ciency can be 
hypertensive. Initial management involves fl uid 
and electrolyte monitoring, karyotype, hormonal 
levels for CAH to allow for an accurate diagno-

a b

  Fig. 21.9    Didelphys uterus. A 6-month-old girl with didelphys uterus and VACTERL association. Longitudinal ( a ) and 
transverse ( b ) ultrasound demonstrated 2 uteri ( U ,  ut )       

  Fig. 21.10    Bicornucate uterus. A 1-day-old girl with 
bicornuate uterus, imperforate anus, cloacal malforma-
tion, and solitary right kidney. Transverse ultrasound 
demonstrated the bicornuate ( Rt  and  Lt , right and left, 
respectively) uterus       

  Fig. 21.11    Mixed gonadal dysgenesis with testicular 
lesion. A 14-year-old child with mixed gonadal dysgene-
sis and 46XY/45XO mosaicism was raised male and 
developed intratubular germ cell neoplasm in the right 
testis. Longitudinal ultrasound of the right testis demon-
strated a hypoechogenic mass ( arrow )       
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sis, and proper gender evaluation. Medical man-
agement involves oral steroids with possible salt 
supplementation. Surgical treatment is individu-
alized and may involve clitoroplasty, urethro-
plasty, vaginoplasty, and labiaplasty. 

 Mixed, or asymmetric, gonadal dysgenesis is 
a less frequent condition associated with urogeni-
tal sinus. This syndrome is characterized by an 
abnormal testis on one side and a rudimentary 
gonad, streak, or no gonad on the other. The most 
common karyotype is 46XY/45XO mosaicism, 
with ambiguous or asymmetric external genital 

and persistent Müllerian structures. Development 
of the genital tract follows gonadal differentia-
tion, and Müllerian ducts are present on the side 
of the streak gonad. A contralateral vas deferens 
may develop. 

 Children with a urogenital sinus may present 
with an abdominal/suprapubic mass. This mass 
may represent a distended bladder, hydrometro-

a

b

  Fig. 21.12    Androgen insensitivity syndrome. An 
18-year-old child with androgen insensitivity syndrome 
and female rearing with multiple epididymal cysts. ( a  and 
 b ) Coronal T2 fat suppression MRI demonstrated the right 
testis with multiple epididymal cysts ( arrows )       

  Fig. 21.13    Androgen insensitivity syndrome. An 
11-year-old child with androgen insensitivity syndrome 
and female rearing developed Sertoli cell nodular hyper-
plasia of the left testis. Longitudinal ultrasound of the left 
groin demonstrated markedly heterogeneous testis with 
multiple nodules ( arrowheads ) and an epididymal cyst 
( c ). Epididymal cysts are commonly seen in patients with 
AIS       

  Fig. 21.14    Ovotesticular disorder of sexual differentia-
tion (DSD). A 2-month-old child with ovotesticular DSD, 
46XY karyotype, uterus, vagina, and non-palpable 
gonads. Sagittal ultrasound demonstrated a right pelvic 
gonad ( arrow ) behind the bladder ( B ). Both gonads were 
confi rmed to be an ovotesticles on laparoscopic biopsy 
and subsequently removed because the biopsy also 
revealed gonadoblastoma (Courtesy of Mohamed El 
Sherbini, Division of Urology, Montreal Children’s 
Hospital, McGill University, Montreal, Quebec, Canada)       
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colpos, or both. Hydrometrocolpos is a common 
initial sign and possibly the only fi nding in pure 
urogenital sinus abnormalities. A genital exam 
should be performed, particularly to determine if 
palpable gonads are present. Girls with CAH 
present with varying degrees of virilization, clito-
romegaly, and labial fusion. The location of the 
anus is usually normal, but it can be anteriorly 
displaced. It is absent in a cloacal anomaly. The 
lower back should be examined for any evidence 
of spinal cord abnormalities, which can be seen 
in children with pure urogenital sinus or cloacal 
abnormalities. Findings may include a sacral 
dimple, hair patch, abnormal pigmentation, 

asymmetrical buttock crease, or fl attened but-
tocks, as a result of sacral agenesis. 

 A genitogram and endoscopic evaluation is 
used to delineate the length of the common uro-
genital sinus, the location of the vaginal confl u-
ence, the distance to the bladder neck, the size 
and number of vaginas, the presence of cervix, 
and the anatomy of the urethra and bladder [ 40 , 
 43 ,  44 ]. A genitogram is performed by fi lling the 
entire bladder, urethra, vagina, and sinus with 
contrast (Figs.  21.15  and  21.16 ). A Foley catheter 
balloon is used to occlude the perineal meatus 
prior to injecting contrast. If a catheter can be 
passed into the bladder, it is useful to perform a 
VCUG. A cervical impression at the vaginal 
dome suggests that internal female organs are 
normal.

    A US of the abdomen and pelvis is mandatory, 
to assess the location of kidneys, ovaries, and 
uterus. Vaginal, bladder, or intestinal distension 
should be noted (Fig.  21.17 ). A cribriform 
appearance with bilateral enlargement of the 
adrenals suggests CAH (see “The Adrenal 
Gland” chapter) (Fig.  21.18 ).

        Anorectal Anomalies 

   Imperforate Anus 

 Imperforate anus is associated with a congenital 
rectourethral fi stula in the male (Fig.  21.19 ) or a 
rectovaginal fi stula in the female (Fig.  21.20 ). It 
can be diagnosed on a VCUG or a fi stulogram 
through the mucocutaneous fi stula via a diverting 
colostomy. In addition, it can be visualized endo-
scopically and studied in a retrograde fashion. 
Calcifi cations on plain abdominal fi lm form by 
the mixing of urine with meconium (Fig.  21.21 ).

        Cloaca 

 Cloacal anomalies involve urinary, vaginal, and 
rectal communication, with a single perineal ori-
fi ce. It affects 1 in 40,000–50,000 patients [ 45 ]. 
They represent 14 % of the anorectal malforma-
tions and are the most challenging ones to  manage 

  Fig. 21.15    Mixed gonadal dysgenesis. A 2-day-old child 
with mixed gonadal dysgenesis, 46XY/45XO mosaicism, 
male rearing, left cryptorchidism, normal right testicle, 
and perineal hypospadias. He had a normal uterus and 
vagina, as well as a urogenital sinus. Genitogram was per-
formed with balloon occlusion ( arrow ) of the urogenital 
sinus, demonstrating a female-shaped urethra with distal 
confl uence of a normal-appearing vagina to the distal uro-
genital sinus       
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[ 46 ]. Children can present with a spectrum of 
physical fi ndings, ranging from a nearly normal 
female appearance, to genital transposition, a 
phallic structure or blank-appearing, or doll-like, 
perineum. Even with a phallic structure, children 
with cloacal malformations have a 46XX karyo-
type and ovaries [ 47 ]. 

 In cloacal anomalies, abdominal distension 
may be severe due to hydrometrocolpos, a dis-
tended bladder or bowel. Hydrometrocolpos is 
caused by a preferential fl ow of voided urine into 
the vagina, or vaginas, and subsequent poor 
drainage. Cervical glands produce mucus due to 
maternal estrogen stimulation, further contribut-
ing to the distension. Intestinal distension sec-
ondary to urinary fl ow into the rectum can cause 

edematous, cyanotic lower extremities, respira-
tory distress, and metabolic acidosis [ 48 ]. 
Endoscopy should be performed early as a sepa-
rate procedure in order to decompress the vagina 
and help defi ne anatomy. 

 Cloacal anomalies carry a high risk of con-
comitant anomalies in other organ systems. Many 
have the VACTERL association: vertebral abnor-
malities, anal atresia, cardiac abnormalities, tra-
cheoesophageal fi stula with or without esophageal 
atresia, renal agenesis and dysplasia, and limb 
defects. Echocardiography needs to be per-
formed. Sacral anomalies are present in half of 
the cases. Spinal cord abnormalities are com-
monly associated with cloacal anomalies and 
detected in 35–48 % of patients [ 43 ,  49 ]. An MRI 

a c

b

  Fig. 21.16    Mixed gonadal dysgenesis. A 2-day-old child 
with mixed gonadal dysgenesis, 46XY/45XO mosaicism, 
and female rearing. ( a ) Pelvic ultrasound demonstrated a 
normal uterus ( arrow U ), vagina ( arrow V ), and bladder 
( B ). ( b ) Inguinal ultrasound demonstrated an undescended 

right testis ( arrow ) in the inguinal canal. ( c ) Genitogram 
demonstrated the confl uence ( arrow ) of the vagina to the 
urogenital sinus and the common opening at the perineum 
( arrowhead )       
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allows the evaluation of the lumbosacral spine, 
anatomy, and musculature. 

 Cloacal anomalies have been detected on 
antenatal US as early as 19 weeks’ gestation. 
Antenatal fi ndings include bilateral hydrone-
phrosis, oligohydramnios, transient fetal ascites, 
and a solitary, bilobed, or trilobed pelvic cystic 
mass between the rectum and bladder, represent-
ing the distended vagina or vaginas [ 50 ]. 

 Postnatal evaluation includes a chest radio-
graph and a plain abdominal fi lm. The abdominal 
fi lm can reveal a pelvic mass, linear calcifi cations 
from urinary ascites, and granular calcifi cation 
along the rectum as a result of meconium calci-
fi ed by coming into contact with urine [ 43 ]. 

 Abdominal and pelvic US helps detect disten-
sion of the bladder, vagina, or rectum while 

delineating pelvic and renal anatomy. It may 
show hydronephrosis, possibly either due to 
bladder outlet, or even ureteral, obstruction by 

a

b

  Fig. 21.17    Urogenital sinus. A 1-day-old girl with uro-
genital sinus and hydrocolpos. ( a ) Transverse pelvis ultra-
sound demonstrated midline cystic mass. The bladder is 
empty. ( b ) Sagittal ultrasound demonstrated distended 
vagina ( V ), cervix ( arrowhead ), and uterus ( U )       

a

b

  Fig. 21.18    Urogenital sinus in congenital adrenal hyperplasia 
(CAH). A One-day-old girl with CAH due to17- hydroxylase 
defi ciency. ( a ) Longitudinal high-resolution ultrasound dem-
onstrated marked thickening (9 mm) of the left adrenal limb 
( double head arrow ). ( b ) Voiding cystourethrogram during 
voiding phase demonstrated refl ux to the vagina and the con-
fl uence ( arrow ) at the urogenital sinus. The common opening 
at the perineum has been marked ( arrowhead )       
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  Fig. 21.19    Male imperforate anus. A 3-day-old boy with 
imperforate anus and meconium in the urine, without any 
other anomalies. Voiding cystourethrogram demonstrated 
a rectourethral fi stula ( arrowhead ) ( R : rectum,  B : 
bladder)       

  Fig. 21.20    Female imperforate anus. A 3-week-old girl 
with imperforate anus and rectovaginal fi stula. Her mother 
noted stool coming from the vagina. She had diverting 
colostomy. Antegrade enema study through the colonic 
mucous fi stula demonstrated a short perineal fi stula 
( arrowhead ) and contrast in the vagina.  Arrow  indicates 
cervix impression on the vagina vault       

a b

  Fig. 21.21    Male imperforate anus. A 1-day-old boy with 
imperforate anus, vesicorectal fi stula, and VACTERL asso-
ciation. ( a ) Plain abdominal radiograph shows punctuated 

calcifi cations along the colon suggesting rectourethral fi s-
tula which was confi rmed in a voiding cystourethrogram 
study ( b ). The fi stula is indicated by the arrow ( R -rectum)       
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hydrometrocolpos. Renal anomalies have been 
reported in 33–83 % of patients and include dys-
plasia, fusion anomalies, ectopia, ureteropelvic 
junction, and duplication [ 51 ]. 

 A genitogram can help further defi ne cloacal 
anatomy (Figs.  21.22  and  21.23 ). Just as with a 
urogenital sinus, the confl uence between the ure-
thra and vagina needs to be evaluated, with the 
addition of assessing the rectal confl uence. 
Vaginal duplication is quite common, although 
solitary or absent vagina are also reported. 
Vaginal anatomy varies, with most vaginas enter-
ing side by side with a single opening into the 
cloaca, although they may also enter by separate 
openings. A cervix is typically present with the 
vagina. Uterine anatomy typically parallels vagi-
nal anatomy, although a uterus may be present in 
the setting of an absent vagina.

    The rectal confl uence is most commonly 
located at the level of the vaginal confl uence, 
within the septum of the duplicated vagina [ 52 ]. 
The rectal opening can vary in size and can even 
enter the vagina or bladder without direct com-
munication to the cloaca. 

 Prior to considering surgical treatment, 
a child born with a cloacal anomaly needs to 
be medically stabilized. Distended abdominal 
organs need to be decompressed by a variety 
of methods, including clean intermittent cath-
eterizations, a vaginostomy, a vesicostomy, and 
a diverting colostomy. Management involves 
four steps: gastrointestinal tract decompres-
sion, genitourinary tract decompression, repair 
of associated other pathology, as well as a 
defi nitive cloacal malformation repair. A defi ni-
tive repair of the cloaca should address all its 
aspects. An isolated rectal pull-through with-
out vaginal reconstruction should be always 
avoided.   

  Fig. 21.22    Cloacal malformation. A 5-day-old girl with 
cloacal malformation and VACTERL association includ-
ing single right kidney, tracheoesophageal fi stula, tethered 
cord, and imperforate anus. Genitogram demonstrated the 
bladder ( arrow B ) which was opacifi ed using a suprapubic 
catheter, dilated vagina ( V ), with high confl uence ( arrow-
head ) to the common channel. The bowel was not visual-
ized on this study       

  Fig. 21.23    Cloacal malformation. A 1-day-old girl with 
cloacal malformation. Genitogram demonstrated the blad-
der ( B ), vagina ( V ), and colon ( C ) with the confl uence to 
the cloacal opening ( arrowhead )       
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   Key Points to Remember 

 –     Ultrasound (US) is the primary imaging 
modality for evaluating internal genital anat-
omy and abnormalities. Genitography and 
voiding cystourethrography have a role in the 
evaluation of the vagina, urethra, urethrovagi-
nal confl uence, and fi stulas. Magnetic reso-
nance imaging (MRI) is used in selected cases 
to better delineate internal pelvic anatomy and 
pathology, particularly Müllerian duct struc-
tures and gonads.  

 –   If an interlabial mass involves the urethra, 
workup should always include a renal blad-
der US. Sarcoma botryoides (rhabdomyosar-
coma) needs to be ruled out with all interlabial 
masses and has a characteristic appearance of 
an interlabial “bunch of grapes” prolapsing 
from the vagina or urethral meatus.  

 –   Gynecological abnormalities of vertical fusion 
most frequently lead to an obstructed vagina 
and patients presenting with hydrometrocol-
pos and primary amenorrhea. Abnormalities 
of lateral fusion consist of varying degrees of 
uterine, cervical, and vaginal duplication. 
These patients occasionally present with uni-
lateral obstruction, but possibly without amen-
orrhea, since one of the vaginas is not 
obstructed. Both can benefi t from US and 
MRI evaluation.  

 –   Anomalies in disorders of sexual differentia-
tion require a multidisciplinary approach. 
US can help screen for Müllerian duct struc-
tures, intra-abdominal gonads, and hyper-
plastic adrenal glands. MRI can help 
delineate internal pelvic anatomy. 
Genitography is particularly useful in a uro-
genital sinus or a cloacal anomaly, helping 
to delineate the length of the common chan-
nel, urethra, and vagina as well as location 
of the confl uence.  

 –   Radiographic investigation of a particular 
anomaly must include imaging evaluation of 
associated malformations. Depending on the 
anomaly, and particularly in cloacal malfor-
mation, this may include spinal cord, anal, 
cardiac, tracheoesophageal, genitourinary, 
and skeletal anomalies.        
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