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SER IES 

As urology enters the 21st century, it is appropriate that the Atlas of 

Clinical Urology series captures and explains the major areas of 

modern urologic practice using a unique combination of images, 

schematics, tables, and algorithms. It does so in a compelling 

fashion, by combining a multilevel approach that includes the indi

vidual volumes and the internet. Urology is a specialty of great 

breadth, and visual images provide much of the backbone of 

urologic diagnosis and endoscopy and are key to surgical tech

nique. The increasingly complex diagnostic and treatment paths are 

best depicted and understood as visual algorithms. 

The editors of this five-volume series have not only contributed 

their world-renowned expertise to the chapters but have also 

assembled an outstanding group of individual chapter authors. 

Together, they provide each volume with completeness, depth, 

and-most important in this age of rapidly expanding science and 

technology-current urologic thinking. 

In Volume I, Tom Lue and his contributors cover the expanding 

area of impotence from anatomic considerations through many of 

the new treatment modalities. As our population ages, urologists 

are evaluating and treating an expanding number of impotent 

patients. This section provides an excellent understanding and 

practical approach. In the second half of Volume I, Marc Goldstein 

and his expert colleagues provide a beautiful series of images that 

depict the important aspects of reproductive anatomy and 

endocrinology, as well as detailed surgical schematics demon

strating the ever-evolving "standard" surgery for infertility in addi

tion to new assisted-reproduction techniques. 

It would be fair to say that the 1990s are the decade of the 

prostate, and Volume II captures the paradigm changes that 

occurred in the management of both prostate cancer and benign 

disease. Management of prostate cancer is challenging, and the 

section by Peter Scardino provides a clear, concise, factual back

ground for understanding prostate cancer and the myriad of treat

ment options. John McConnell's section on noncancerous diseases 

provides the background for understanding the new treatment 

modalities available for benign prostatic hyperplasia (BPH). The 

choices of pharmacologic management and device therapies 

continue to challenge even the most seasoned urologist, and the 

diagnostic and treatment schematics provided in the section have 

been constructed by leaders in the field. 

Renal carcinoma is covered in Volume Ill by section editor 

Andrew Novick. Radiologic images play an increasing role in our 

diagnosis and management of renal cancer, and the visual image 

format of the Atlas is ideal. The challenges of nephron sparing and 
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vena caval surgery are clearly illustrated and are combined with 

an understanding of the appropriate patient populations for these 

procedures. This section also includes the management of benign 

and malignant adrenal disorders. Michael Marberger has assem

bled an extremely diverse and important set of noncancerous 

diseases of the kidney. Nephrolithiasis management is covered 

from medical therapy to endoscopy to incisional surgery. The 

important role that laparoscopy has established in both excisional 

and reconstructive renal surgery is visually depicted and 

explained. The evolution of the techniques illustrated in this 

section will likely provide the basis for renal intervention in the 

21st century. 

Volume IV covers the diversity of pediatric urology under the 

editorship of Dix Pappas and Alan Retik. This volume provides 

images illustrating the most important diseases that confront the 

pediatric urologist. In addition, the changes in management and 

thinking in classic conditions such as vesicoureteral reflux and 

neurogenic vesical dysfunction are illustrated. This volume will 

not only be of great value to the practicing pediatric urologist, 

but also to general urologists as well as pediatricians and pedi

atric nephrologists. 

Bladder diseases cause many patients to seek urologic care. In 

Volume V, Donald Skinner and John Stein have assembled state-of

the-art contributions to the management of bladder and urethral 

cancer. The combination of a better understanding of bladder 

cancer and new options in surgical urinary diversions is changing 

the management of bladder cancer. The role of surgery and 

surgical approaches to bladder cancer are illustrated in this 

volume by the innovative surgeons who contributed chapters to 

the section. Voiding dysfunction and incontinence as well as 

inflammatory and infectious conditions of the bladder are covered 

by Alan Wein's section. The excellent contributions to this section 

provide an illustrated understanding of the neuromuscular func

tion of the lower urinary tract, and the images reproduced in this 

volume allow an easy understanding of the diagnosis and manage

ment of incontinence, inflammatory conditions, and fistulae. 

These section editors and authors deserve tremendous credit for 

this Atlas of Clinical Urology, which was initiated by Abe Krieger, 

President of Current Medicine. We thank Abe, the developmental 

editors, and the excellent illustrators of Current Medicine for their 

outstanding efforts. 

E. Darracott Vaughan, Jr. 
Aaron P. Perlmutter 



PREFACE 

Pediatric urology is an exciting, challenging, and ever-changing 
specialty. New diagnostic tools, surgical modalities, and clinical 

and basic research combine to constantly keep our discipline 

on the cutting edge. This atlas brings the subject matter up to 

date in clear, concise formats highlighted with generous photo

graphic illustrations. 

This fourth volume in the Atlas of Clinical Urology series 

presents the broad spectrum of pediatric urology, from prenatal 
diagnosis through renal tumors. Office urology and medical 
management of urologic diseases, as well as the latest laparo

scopic and other surgical techniques are presented. This atlas 
provides the reader with useful information in a quick reference 

format to assist in the care of pediatric urology patients. Although 

it is written primarily for the pediatric urologist, any healthcare 

vi 

practitioner who deals with pediatric urology conditions should 
find this atlas useful. Students of urology and residents preparing 

for examinations will find this atlas to be a useful study aid. 

A distinguishing characteristic of this volume is its wealth of 

images. Each chapter contains up-to-date images using CT, MRI, or 

ultrasound. There are also detailed drawings of surgical procedures 

and tables containing diagnostic information and decision trees. 

We are deeply indebted to our contributors for their effort and 
cooperation despite their busy professional commitments and 
personal responsibilities. Without their determination, this atlas 

would not have become a reality. 

Dix P. Poppas, MD, FAAP, FACS 
Alan B. Retik, MD 



CONTRIBUTORS 

Laurence S. Baskin, MD 
Assistant Professor 
Department of Pediatric Urology 
University of California at San Francisco Medical School; 
Chief, Pediatric Urology 
University of California at San Francisco Medical Center 
San Francisco, California 

Mark F. Bellinger, MD 
Clinical Professor 
Department of Urology 
University of Pittsburgh School of Medicine; 
Pediatric Urology Associates 
Pittsburgh, Pennsylvania 

Joseph G. Borer, MD 
Instructor in Surgery (Urology) 
Department of Surgery 
Harvard Medical School; 
Assistant in Urology 
Children's Hospital 
Boston, Massachusetts 

Douglas A. Canning, MD 
Assistant Professor 
Department of Urology 
University of Pennsylvania; 
Director 
Department of Pediatric Urology 
Children's Hospital of Philadelphia 
Philadelphia, Pennsylvania 

Michael C. Carr, MD, PhD 
Assistant Professor 
Department of Surgery 
University of Pennsylvania; 
Attending Surgeon 
Children's Hospital of Philadelphia 
Philadelphia, Pennsylvania 

Anthony J. Casale, MD 
Professor 
Department of Urology 
Indiana University School of Medicine; 
Staff Pediatric Urologist 
James Whitcomb Riley Hospital for Children 
Indianapolis, Indiana 

Linda M. Dairiki Shortliffe, MD 
Professor and Chair 
Department of Urology 
Stanford University School of Medicine and Lucile Salter 

Packard Children's Hospital at Stanford 
Stanford, California 

vii 

David A. Diamond, MD 
Associate Professor of Surgery (Urology) 
Department of Surgery 
Harvard Medical School; 
Assistant in Urology 
Children's Hospital 
Boston, Massachusetts 

Steven G. Docimo, MD 
Professor 
Department of Urology 
University of Pittsburgh School of Medicine; 
Director, Pediatric Urology 
Children's Hospital of Pittsburgh 
Pittsburgh, Pennsylvania 

Kenneth I. Glassberg, MD 
Professor 
Department of Urology; 
Director, Division of Pediatric Urology 
State University of New York 
Downstate Medical Center 
Brooklyn, New York 

David B. Joseph, MD, FAAP. FACS 
Professor of Surgery 
University of Alabama at Birmingham; 
Chief, Pediatric Urology 
Children's Hospital 
Birmingham, Alabama 

George W. Kaplan, MD, MS, FACS, FAAP 
Clinical Professor 
Departments of Surgery and Pediatrics 
University of California at San Diego; 
Chief of Urology 
Children's Hospital 
San Diego, California 

Robert Kay, MD 
Section of Pediatric Urology 
Cleveland Clinic Urological Institute 
Cleveland, Ohio 

William A. Kennedy II , MD 
Assistant Professor 
Department of Urology 
Stanford University School of Medicine and Lucile Salter 

Packard Children's Hospital at Stanford 
Stanford, California 

Barry A. Kogan, MD 
Professor 
Departments of Surgery and Pediatrics 
Albany Medical College; 
Chief, Division of Urology 
Albany Medical Center 
Albany, New York 



Clinical Professor of Urology 
Department of Urology 
Weill Medical College of Cornell University 
New York Medical College 
New York, New York; 
Attending pediatric urologist (private practice) 
White Plains, New York 

Assistant Clinical Professor 
Departments of Surgery and Pediatrics; 
Senior Attending (Urology Division) 
Children's Hospital 
San Diego, California 

Chief, Department of Pediatric Surgery 
Ospedale "Maggiore Della Carita" 
Novara, Italy 

Professor 
Department of Urology 
University of Washington School of Medicine; 
Chief, Division of Pediatric Urology 
Children's Hospital and Regional Medical Center 
Seattle, Washington 

Assistant Professor 
Departments of Urology and Pediatrics 
University of California at San Francisco; 
Physician 
University of California at San Francisco Medical Center 
San Francisco, California 

The Richard Rodgers Family Assistant Professor of 
Pediatric Urology; 

Director, Laboratory for Minimally Invasive Urology Surgery 
The New York Hospital-Cornell Medical Center 
New York, New York 

viii 

Professor of Surgery (Urology) 
Department of Surgery 
Harvard Medical School; 
Chief, Department of Urology 
Children's Hospital 
Boston, Massachusetts 

Robert A Garrett Professor of Pediatric Urologic Research 
Department of Urology 
Indiana University School of Medicine; 
Chief, Pediatric Urology 
James Whitcomb Riley Hospital for Children 
Indiana University School of Medicine 
Indianapolis, Indiana 

Head, Section of Pediatric Urology 
Cleveland Clinic Urological Institute 
Cleveland, Ohio 

Physician 
Hudson Valley Urology, PC 
Poughkeepsie, New York 

Clinical Assistant Professor 
Department of Urology 
University of Pittsburgh School of Medicine; 
Pediatric Urology Associates 
Pittsburgh, Pennsylvania 



CONTENTS 

CHAPTER 1 

Office Urology 
George W Kaplan and Irene M. McAleer 

Voiding Dysfunction .......................................................... 6 

Hematuria .......................................................................... 7 
lnterlabial Masses ............................................................... 8 

Penile Lesions .................................................................... 9 

CHAPTER 2 

Prenatal Urology 
Hiep T. Nguyen and Barry A. Kogan 

Prenatal Ultrasonography ................................................. 12 

Prenatal Management of Hydronephrosis ........................ 20 

Postnatal Management of Prenatal Hydronephrosis ......... 20 

CHAPTER 3 

Vesicoureterol Reflux 
joseph C. Borer and David A. Diamond 

Pathophysiology ............................................................... 25 

Diagnosis ......................................................................... 26 

Classification .................................................................... 2 6 

Treatment Options ........................................................... 28 

Indications for Intervention .............................................. 29 

Surgical Correction ofVesicoureteral Reflux .................... 29 

CHAPTER 4 

Ureteral Duplications and Ureteroceles 
Emilio Merlini and Douglas A. Canning 

CHAPTER 5 

Ureteropelvic Junction Obstruction 
David B. joseph 

CHAPTER 6 

Hypospadias 
Laurence S. Baskin 

Classification .................................................................... 53 
Incidence and Associated Anomalies .......... .. .... .. ............. 59 
Normal Anatomy and Embryology ................................... 59 
Neurovascular Anatomy ................................................... 60 
Treatment ......................................................................... 61 

Repeat Hypospadias Repair ............................................. 69 

ix 

CHAPTER 7 

Exstrophy and Epispadias 
Michael E. Mitchell and Michael C. Carr 

Primary Anatomic Repair: Male ...................................... .72 

Primary Anatomic Repair: Female .................................... 77 

CHAPTER 8 

Controversies Regarding Treatment of 
Undescended Testes 

Stanley j. Kogan 

Mechanisms ofTesticular Descent ................................... 81 

Classification .................................................................... 85 

Surgical and Ultrasound Findings .................................... 86 
Diagnosis and Treatment .................................................. 89 

CHAPTER 9 

Urinary Tract Infections 
William A. Kennedy II and Linda M. Dairiki Shortliffe 

Incidence and Epidemiology ............................................ 98 

Classification .................................................................... 98 

Factors .............................................................................. 99 
Diagnosis ....................................................................... 1 00 

Urinary Tract Urodynamics ............................................ 1 02 

Urinalysis ....................................................................... 1 06 

Prophylaxis .................................................................... 1 07 
lmaging .......................................................................... 109 

CHAPTER 10 

Ambiguous Genitalia 
Mark F. Bellinger and Francis X. Schneck 

Patient Evaluation ........................................................... 114 

Surgical Reconstruction ................................................. 117 

CHAPTER 1 1 

Neurogenic Vesical Dysfunction 
Richard C. Rink and Anthony). Casale 

Etiology ............................................... ........................... 122 

Urodynamic Evaluation ................................................. 123 

Medical Management .................................................... 124 

Surgical Management .................................................... 125 



CHAPTER 12 CHAPTER 14 

Steven G. Docimo Michael P. Solliday and Kenneth I. Glassberg 

Laparoscopy for the Undescended Testicle .................... 134 Autosomal Dominant Polycystic Kidney Disease ........... 154 

Laparoscopy for Renal and Ureteral Surgery .................. 137 Autosomal Recessive ("Infantile") Polycystic 

Laparoscopic Reconstructive Surgery ............................. 138 Kidney Disease ........................................................... 1 56 

juvenile Nephronophthisis and Medullary 
CHAPTER 1 3 Cystic Disease Complex ............................................. 158 

Congenital Nephrosis ..................................................... 160 
Robert Kay and jonathan H. Ross Multiple Malformation Syndromes Associated 

Presentation and Evaluation ........................................... 145 With Renal Cysts ......................................................... 161 

Histopathology ............................................................... 146 Medullary Sponge Kidney .............................................. 163 

Other Renal Tumors ....................................................... 149 Sporadic Glomerulocystic Kidney Disease ..................... 164 

Acquired Renal Cystic Disease ...................................... 164 

Multicystic Dysplastic Kidney ........................................ 165 

Simple Renal Cyst .......................................................... 168 

lndex .............................................................................. 173 

Color Plates .................................................................... 181 

X 



Office Urology 

George W Kaplan and 
Irene M. McAleer 

1 
The office practice of pediatric urology is quite different from that of adult 
urology. First, the office setting in pediatric urology must consider the fact 
that patients are always accompanied by a parent (or parents), often by 

siblings as well, and sometimes by an extended family (eg, grandparents). 
Therefore, waiting rooms and examination rooms need to be larger than 

those for adults to accommodate the extra people. One also needs to 
provide diversions (eg, fish tanks, toys) for toddlers and younger children 
who are often impatient, as well as suitable reading material for both older 

children and adults. Examination rooms should be well lit, and the ambient 

temperature should be neither too hot nor too cold. 
Far fewer procedures are performed on children in the office compared 

with adults because endoscopy is neither frequently necessary nor well 

tolerated without anesthesia by most children. However, the office visit is 
the best chance to establish rapport with parents and children and the best 

setting in which to educate parents regarding diagnosis and treatment and 
to enlist their support for the planned management. There should be, at a 
minimum, facilities for the collection of urine specimens and for the perfor
mance of chemical (dipstick) and microscopic urinalysis. The ability to 

perform ultrasound examination of the abdomen and urodynamics are 

desirable adjuncts. Most postoperative care is provided in the office setting. 
It is essential that office personnel be fri endly, helpful, and caring, but 

also efficient. The era of managed care has introduced layers of bureaucracy 
that present roadblocks to care. The office staff should be prepared to assist 
families to obtain needed records, imaging examinations, authorizations for 
treatment, and so on. Schedules must take into account the work habits of 

the physicians so that ample time is provided for counsel ing parents when 
necessary, but schedules should also avoid leaving practitioners idle. 

The most common reasons for urologic consultation include prenatal 
counseling for antenatally diagnosed hydronephrosis; management of 

voiding dysfunction and incontinence; and evaluation of abdominal masses 
and hydronephrosis, hematuria or urinary infection, genital abnormalities 
(eg, hypospadias, epispadias, cryptorchidism, hydroceles, ambiguous geni
talia, labial masses), and abdominal or testicular pain. Discussion of ante
nata l counseling, the management of most genital abnormalities, and 

urinary infection are covered elsewhere in this volume. 



-
Causes of Abdominal 

Pain in Children 

-

Hydronephrosis 
Kidney stones 
V i ouret ral reflux 
Di tended bladd r 

t FIGURE 1-1. Causes of abdominal pain in 
children. Many children present to their primary 
care physicians with acute or chronic abdominal 
pain. It is sometimes suspected that the cause of 
the pain arises from the urinary tract; for that 
reason, urologist consultation is sought. The 
most common diagnoses producing pain that 
urologists encounter in children are shown here. 

Hydronephrosis is usually not painful, but 
patients with ureteropelvic obstruction some
times present with intermittent episodes of acute 

Causes of Testicular Pain 

Tor ion of the permati ord 
Tor ion of the testicular app ndag 
Epid idymitis 
Orchiti 
Acute idiopathic rotal d rna 
Henoch-Schonlein purpura 
Trauma 
Tumor 
Varico e l 
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abdominal pain and vomiting. The pain may be located in the epigastrium rather than in the flank. 
Kidney stone disease is a cause of abdominal pain that is frequently overlooked in children. Calculus 
disease should be considered any time a child presents acutely with abdominal pain and hematuria. 
In our opinion, an intravenous urogram or a noncontrast spiral computed tomography scan at the 
time of acute presentation is the best method for diagnosing such kidney stones. 

Vesicoureteral reflux is not usually thought to be painful; however, some children with reflux do 
complain of flank pain with a full bladder and during voiding. The pain is characteristically relieved 
by voiding. A distended bladder can be painful and is a frequent urologic cause oflower abdominal 
pain in toddlers. Upper abdominal pain produced by constipation is quite common in children and, 
even though it is not a urologic problem, it is a frequent diagnosis in pediatric urologic practice. 

The history of the pain is quite important to diagnosis. Its location, timing, and nature can be 
clues to its cause. Because children do not characterize their pain well, the nature and frequency of 
the pain can be difficult to elicit. Whether nausea and vomiting accompany the episodes of pain is 
important. In addition, a history of incontinence, encopresis, or voiding dysfunction may point to 
constipation or bladder distention (or both) as diagnostic considerations. On physical examination, 
it is important to search for abdominal masses; rectal examination is an important but often omitted 
adjunct to the examination. Urinalysis is important in looking for white blood cells, red blood cells, 
and crystals. Imaging studies are essential and often include an ultrasound examination, a plain film 
of the abdomen, or an intravenous urogram. Intravenous urography is, in our opinion, the single 
best study for identifying urinary stone disease, and ultrasound is the best initial study for evaluating 
masses or hydronephrosis. 

t FIGURE 1-2. Causes of testicular pain. Acute onset of pain in a boy's scrotum is a frequent 
source of consternation and confusion to practitioners. Fortunately, most of the diagnoses are not 
time-related emergencies; however, torsion of the testis is such an emergency. It is essential that a 
tentative diagnosis be obtained quickly to determine if the problem requires a surgical solution. If 
surgery is indicated, it should be accomplished promptly. 
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t FIGURE 1-3. Testicular torsion. Testicular 
torsion is a lesion that presents by one of two 
mechanisms. In newborns, torsion occurs 
external to the tunica vaginalis because the 
tunica vaginalis is only weakly attached to the 
overlying dartos muscle (A). After 6 to 8 weeks 
of extrauterine life, these attachments become 
much stronger and extravaginal torsion is 
exceedingly uncommon. Torsion of the cord in 
an older child occurs because there is a lack of 
the normal attachments between the epididymis 
and the tunica vaginalis or because the mesor
chium is somewhat longer than normal (B and 
C). Under these circumstances, the testis can 
twist on its blood supply within the confines of 
the tunica vaginalis. Although infants may have 
no pain and little if any swelling or erythema, 
older boys usually present with acute onset of 
scrotal pain, swelling, and erythema [I] . 



Paradidymi (organ of Gira Ides) --

Appendi x testis (hyda tid of Morgagni) 

A 

Ill FIGURE 1-4. Testicular appendage torsion. There are five testicular 
appendages [2] (A); only one (ie, the appendix testis) is of miillerian 
origin, and this is the one that most frequently tends to infarct, presum
ably by twisting on its blood supply. However, any of the other four can 
also infarct. The signs and symptoms of torsion of the appendix testis arc 
the same as those for torsion of the spermatic cord but are usually of lesser 
intensity. If seen early in its course, a pathognomonic finding of torsion of 
a testicular appendage is the "blue dot" sign (B and C) in which the 
t\visted and ischemic appendix testis is seen as a bluish area through the 
thin scrotal skin [3]. 

-
Causes of Epididymo-orchitis 

in Children 

Ill FIGURE 1-5. Causes of epididymo-orchitis in children. Epididymitis is seen in children less 
commonly than it is in adults. In most cases, epididymitis is associated with urinary infection in a 
child, bur it also can occur in association with a number of bacterial or viral diseases. In almost all 
instances, it occurs in the course of the acute illness. 
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hick n pox 
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o sackie 
ympho ytic choriomeningitis 

Bat sa livary gland viru 
Lymphopathi venereum 
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t FIGURE 1-7. Henoch-Schonlein purpura. This vasculitis of 
unknown etiology occasionally presents with scrotal pain and at times 
with redness and swelling of the overlying scrotal skin. The character-

t FIGURE 1-6. Acute idiopathic scrotal edema. This is a poorly under
stood lesion seen in younger children that can mimic torsion of the sper
matic cord [4]. However, in this instance, the redness extends beyond the 
scrotal margin and there is edema and tenderness of the scrotal skin, but 
the underlying tissues are perfectly normal. In a cooperative child, the 
testis itself can be felt through the reddened, edematous skin and can be 
noted to be normal and nontender. 

!Stlc skin lesions are best identified on the buttocks (A) and on the 
extensor surfaces of the arms and legs (B). 
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History and physical examination 

F male 
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an 
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t FIGURE 1-8. Evaluation of abdominal masses in children. A 
common cause for presentation to the office is the evaluation of a child 
with. an abdominal mass [5]. Although history and physical examination 
are important, an ultrasound examination is the cornerstone of diagnosis. 
This can establish whether the lesion is urologic or nonurologic. Between 

50% and 75% of abdominal masses arise from the genitourinary system. 
If the lesion is urologic, it can originate from the adrenal glands, the 
kidneys, the bladder, or from the internal genitalia. CT -computed 
tomography; MCKD-multicystic dysplastic kidney; MRI-magnetic 
resonance imaging; VCUG-voiding cystourethrogram. 
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Differential Diagnosis 

of Incontinence 
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P ychog nic dysfunction 
Giggl incontinence 
Vagi nal voiding 

octurnal enuresis 

VOIDING DYSFUNCTION 

t FIGURE 1-9. Differential diagnosis of incontinence. Incontinence and voiding dysfunctions are 
the mainstays of office practice in pediatric urology [6]. (Many of these lesions are discussed else
where in the text.) The overall differential diagnosis flows first from a determination of whether a 
structural cause exists for the incontinence. Admittedly, nonstructural causes account for far more 
cases of incontinence than do structural ones. Treatment of structural causes is much more satisfYing 
than that of nonstructural causes and yet structural causes, in many ways, provide many more diag
nostic and therapeutic challenges. 
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II) FIGURE 1-10. Evaluation of hematuria. 
The evaluation of children with hematuria is 
another important area of pediatric urology 
office practice. History and physical examination 
are sometimes helpful, but often there are no 
clues to be found. Urinalysis is a cornerstone of 
diagnosis in that if red cell casts are present, the 
cause of the hematuria is most certainly from the 
parenchyma. The appropriate evaluation differ
entiates between the various nephritides, discus
sion of which is beyond the scope of this 
chapter. If no casts are present, a urine culture 
should be obtained to rule out urinary infection. 
If the hematuria is only microscopic and if eval
uation as shown here does not yield any concrete 
diagnosis, it is highly unlikely that endoscopy 
will shed any further light on the subject [7]. 
Even if gross hematuria is present, the yield of 
endoscopy is small but a better case can be made 
for endoscopy under such circumstances. 
RBCs-red blood cells; VCUG-voiding 
cystourethrogram. 



INTERLABIAL MASSES 

t FIGURE 1-11. Interlabial masses. Yet another area of office consulta
tion involves the differential diagnosis of interlabial masses in girls. 
Pediatric gynecology is an orphan area of medicine, so the management of 
these lesions often falls to urologists by default [8]. There are six lesions 
that may present as an interlabial mass. These include a prolapsed uretero
cele (A), vaginal inclusion cyst (B), sarcoma botryoides urethral prolapse 
(C), condyloma acuminatum (D), and hydrocolpos (E). Ultrasound 
imaging aids in establishing the diagnosis of ureterocele, sarcoma, and 
hydrocolpos. Vaginal inclusion cysts usually appear in infants in the 
septum between the urethra and vagina and are under hormonal control 
such that they tend to involute as the maternal estrogen effect dissipates. 
Condyloma can sometimes be confused with tumor even though the 
appearance is usually sufficiently different. Urethral prolapse presents 
acutely, especially in blacks. 
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t FIGURE 1-12. Penile lesions. Penile lesions account for a large volume of office urology visits. 
However, the natural history of the foreskin is not well understood by many physicians in this 
country and, for this reason, many children are referred either because the foreskin is not 

retractable or because there are lumps of 
smegma encysted under the foreskin. In reality, 
the inner preputial epithelium and the glans are 
not separated from one another in uncircum
cised boys for many months and sometimes 
years after birth [9] (A). The process of separa
tion occurs by the formation of small cystic 
spaces (B), which sometimes fill with dead cells 
and oil (ie, smegma) that may become manifest 
as lumps under the penile skin. Untreated, 
these dissipate spontaneously (C) as the penis 
matures, and nothing needs to be done to 
hasten their maturation. 

t FIGURE 1-13. Paraphimosis. Children with paraphimosis sometimes 
present to the urologist's office. Most episodes of paraphimosis are caused 
by ill-advised attempts at retraction of the foreskin. The paraphimosis can 
be reduced manually in many instances by grasping the shaft of the penis 
between the second and third fingers of both hands and pulling distally 
while simultaneously pushing the glans proximally with the thumbs of 
both hands. Hyaluronidase injected into the edematous prepuce some
times facilitates this maneuver [I 0 ]. 
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Prenatal Urology 

Hiep T. Nguyen 
and Barry A. Kogan 

2 
Approximately 3 million maternal ultrasound exam inations are performed 
each year in the Unit d Stat s [1] . They are commonly performed as a 

routine examination during pregnancy, permitting the early identification of 
numerous congen ita l anomalies in the developing fetus. Based on large 

population studies, the incidence of congenital anomal ies detected by 
prenatal ultrasound examinations is 1% to 2% [2], with urinary tract malfor
mations being the most frequently detected anomal ies [3]. Di lation of the 
collecting system (ie, hydronephrosis), the hallmark of urinary tract obstruc
tion, represents approximately 50% of al l abnormalities detected by ultra

sound examination [4]. 

The early diagnosis of hydronephrosis has significantly affected the clin
ical presentation and management of patients with urinary tract obstruction. 

Before the advent of routine prenatal sonographic scanning, children with 

urinary tract obstruction commonly presented with abdominal mass s, 
hematuria, pain, calculi, or urinary tract infection. Prenatal ultrasound 

imaging provides the opportunity to diagnose a urinary tract obstruction 
b fore the onset of these complications. With early diagnosis, urologists 
may now institute treatments to protect rer.1al function and to permit normal 

renal growth and development. 
On the other hand, clinical experience has demonstrated that the pres

ence of hydronephrosis does not necessarily indicate the presence of 

obstruction. During normal renal development, the collecting system may 
dilat transiently without much consequence to postnatal renal function. 
The dilemma is in determining which patients with hydronephrosis have 
clinically significant obstruction and, therefore, which patients require 
surgical intervention. This chapter addresses issues associated with prenatal 

ultrasonographic diagnosis of congenital uropathies and the evaluation and 

management of prenatally detected hydronephrosis. 
Maternal ultrasonography has allowed for the detection of genitourinary 

anomal ies in utero, the most common being hydronephrosis. However, 
further research is needed to further refine this test for the determination of 
the clinical significance of these anomalies. To achieve this, we will have to 

further our understanding of the pathophysiology and natural history of 
these diseases, in particular of prenatal hydronephrosis. For now, it should 

be emphasized that prenatal hydronephrosis is not necessarily a normal 

condition but does not always indicate an obstruction. Regardless of the 
management options, careful monitoring is essential. 



PR ENATAL ULTRASONOGRAPHY 

Important Sonographic Timepoints in the 
Development of the Urinary Tract in Humans 
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t FIGURE 2-1. Important sonographic time
points in the development of the urinary tract in 
humans. In humans, the development of the 
urinary tract begins with the formation of the 
ureteric bud at the fifth week of gestation. The 
ureteric bud induces the differentiation of the 
metanephric blastema into mature renal elements; 
in turn, the ureteric bud differentiates into the 
collecting system. By the eighth week, the fetal 
kidneys become functional and produce urine 
[5]. The fetal kidneys and bladder can be visual
ized on maternal ultrasonograms by the fifteenth 
week of gestation [ 6]. The fetal bladder volume is 
approximately 4 to 5 cc, and the fetus typically 
appears to void every 30 to 60 minutes [7]. 
Dilation of the collecting system can be detected 
as early as the twelfth week of gestation but more 
reliably by the sixteenth to eighteenth week [8]. 

Kidney 

t FIGURE 2-2. Utrasound image of a fetus viewed in transverse section. 
Note the lack of amniotic fluid surrounding the fetus. Evaluation of the 
amniotic fluid is important after the sixteenth week of gestation because 

amniotic fluid volume largely depends on fetal urine production at this time 
[9]. The presence of oligohydramnios detected after the sixteenth week of 
gestation suggests problems with urinary production, drainage, or both. 
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t FIGURE 2-3. Fetus at the twentieth week of gestation showing a kidney 
with a distinct normal architecture. By the twentieth week of gestation, the 
internal fetal renal architecture appears distinct on maternal ultrasound images; 

this change is presumably caused by the deposition of fat in the perirenal space 
[lO). Failure to visualize the internal renal architecture suggests abnormal renal 
development and has a poor prognosis for normal postnatal renal function. 

Specific Indications for Maternal Sonography 
to Detect Urinary Tract Anomalies 
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t FIGURE 2-4. Specific indications for 
maternal sonography to detect urinary tract 
anomalies. There is a lack of consensus as to 
whether maternal fetal ultrasonography should 
be performed roud'nely during pregnancy. In 
some areas of the United States, the routine use 
of prenatal ultrasound imaging depends on the 
availability of in-office or nearby center-based 
ultrasound technology, the familiarity of health 
care providers with sonographic techniques and 
its clinical implications, and the willingness of 
insurance companies to pay for these examina
tions. Despite rhis lack of consensus, there are 
specific indications for genitourinary evaluation 
in utero [ 11). 

t FIGURE 2-5. Assessment of prenatal 
hydronephrosis. 

Hydronephrosis is the most common abnor
mality detected prenatally. Dilation of the 
urinary tract may be defined subjectively as in 
the system tor grading the severity of 
hydronephrosis by sonography as adopted by the 
Society of Fetal Urology [12] or, more objec
tively, by accurate measurements of renal pelvic 
anteroposterior (AP) diameter [4, 13]. 
Measurement of pelvic AP diameter should be 
correlated with the age of gestation at diagnosis 
because it has been shown to vary during gesta
tion. It should be noted, however, that when a 
l 0-mm pelvic dilation is used to define 
hydronephrosis, the false-positive rate ranges 
from 9()'b to 50% [14,15]. 



t FIGURE 2-6. Grade of hydronephrosis. A, Grade I hydronephrosis: 
minimal separation of the intrarenal collecting system. B, Grade 2 
hydronephrosis: mild dilation of the renal pelvis; no calyceal dilation. 
C, Grade 3 hydronephrosis: renal pelvic dilation with some calyceal 
dilatation (asterisks) but preservation of renal parenchyma. D, Grade 4 
hydronephrosis: not only significant hydronephrosis but also thinning of 
the renal parenchyma. 
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U ltrasound Evaluation of 
Prenatal Hydronephrosis 
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l 
t FIGURE 2-7. 
Ultrasound evaluation 
of prenatal 
hydron<;phrosis. The 
simple finding of 
hydronephrosis is 
insufficient for diag
nostic purposes. 
Complete characteri
zation of the urinary 
tract is necessary to 
diagnose significant 
obstruction [16]. 
Together the findings 
help to characterize 
the functional impor
tance of the urinary 
tract dilation, identifY 
the etiology of the 
obstruction, and guide 
appropriate manage
ment of prenatal 
hydronephrosis. 

t FIGURE 2-9. Ultrasound image of a fetus with right ureteropelvic junc
tion (UPJ) obstruction (see line drawing). Note the dilation of the renal pelvis 
and calyces. As in this case, the renal parenchyma is usually thinned but has 
normal echogenicity (the exception occurs when there is severe obsuuction 

......------------------. FIGURE 2-8. 

Differential Diagnosis Differential diagnosis of 
of Hydronephrosis hydronephrosis. 

•••••••illll••lllli•••••••IIJ Ureteropelvic junction 
Unilateral hydronephrosis 

UPJ ob truction 
UVJ obstruction 
Ureterocele, ectopic ureter, duplex system 
Multicy tic dy plastic kidneys 
Polycystic kidney disease 
V icoureteral reflux 
Physiologic 
Extrarenal pelvis 

Bilat ral hydron phrosis 
Posterior urethral valves 
Urethral ap ia ia 
Prune belly syndrom 
Megacystis- megaureter complex 
V sicoureteral r flux 
Polycystic kidney disease 

Less common causes mistaken 
for hydronephrosis 

M gacalicosis 
Simple renal cyst 
Urachal cyst 
Ovarian cyst 
Hydrocolpos 
Sacrococcygeal teratoma 
Bowel duplication 
Duodenal atresia 
Ant rior meningocele 
Renal tumor 

(UPJ) obstruction is the 
most common cause of 
hydro-nephrosis (39% 
to 64%) followed by 
reflux (33%) , 
ureterovesical junction 
(UVJ) obstruction (9% 
to 14%), and posterior 
urethral valves ( 2 o/o to 

9%). The incidence of 
multicystic dysplastic 
kidneys ranges from 4% 
to 25% [17- 19]. It is 
also important to 

recognize that not all 
anechoic masses 
detected in fetuses 
represent hydro
nephrosis; numerous 
other conditions may be 
misdiagnosed as dila
tion of the urinary uact. 

Thinned renal par nchyma 

resulting in cystic dysplasia). The ipsilateral ureter is not dilated; the bladder is 
normal in appearance and can be seen emptying periodically. In contrast to 
the fetuses with vesicoureteral reflux, those with UPJ obstruction have 
constant or worsening degree of pelvic and calyceal dilation on repeat scans. 
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t FIGURE 2-12. Ultrasound images (A and B) of a fetus with vesicoureteral reflux (VUR). 
(Continued on next page) 
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t FIGURE 2-10. 
Ultrasound image of a 
fetus with a uretero
cele. Note the cystic 
lesion in bladder. In 
most cases of 
ureteroceles, there is 
dilation of the ipsilat
eral collecting system. 

t FIGURE 2-11. 
Ultrasound image of a 
fetus with a right multi
cystic dysplastic kidney 
(MCDK). Note that 
the renal parenchyma is 
echogenic, with 
multiple cysts dispersed 
throughout the kidney. 
As in this case, the 
dysplastic kidney can 
be very large, occu
pying the majority of 
the abdominal space. 
Often it may be diffi
cult to distinguish 
MCDK from uretero
pelvic junction obstruc
tion sonographically. 



t FIGURE 2-12. (Continued) Note that on repeat scans, there is 
varying degree of hydronephrosis, diagnostic for VUR. The renal architec
ture is usually normal in appearance and the ipsilateral ureter is often 

t FIGURE 2-13. Ultrasound images of a male fetus with posterior 
urethral valves (PUVs). A, Dilated posterior urethra and dilated thick-

/ 

dilated. In contrast to a fetus with bladder outlet obstruction, those with 
VUR have a thin-walled bladder that is dilated. 

~-

Dilated 
pot ri r 
urethra 

/\~( 
\ · /!__ \ 
~ // I " 
/~ ----- c:::::.:=::_._... __ .. " ·- ./ · 

Thi ken d - - ..-----
bladder 

walled bladder. With repeat scans, it can be observed that bladder emptying 
is incomplete. 

(Continued on next page) 
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t FIGURE 2-13. (Continued} B, Both ureters are dilated. C, In some cases, PUVs may lead to cystic dysplasia. 
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t FIGURE 2-14. Other genitourinary anom
alies detected by prenatal sonography. These 
anomalies are more uncommon [11], so their 
identification requires a more thorough fetal 
evaluation by a skilled u!trasonographer and can 
be missed on routine surveillance ultrasound. 
MCDKs-multicystic dysplastic kidneys. 
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t FIGURE 2-15. Prenatal management of hydronephrosis. The funda
mental goals in treating fetuses with prenatal hydronephrosis are to 
preserve renal function, permit normal renal and fetal growth and devel
opment, prevent the complications of urinary tract obstruction, and 
avoid unnecessary operations. There are several options in treating fetuses 
with hydronephrosis [20]. In general, the treatment of choice is careful 
observation with subsequent follow-up prenatal ultrasound (US) exami
nations. Prenatal intervention is rarely necessary, with the principle indi
cation being progressive oligohydramnios. However, all infants with 
prenatal hydronephrosis require postnatal evaluation to identifY those 
with clinically significant urinary tract anomalies. 

One option is induction of early delivery. Again, this should be used 
only rarely, the particular indication being oligohydramnios that develops 
late in gestation. However, lung maturity should be assessed carefully to 

Echogenid 
cystic 

Pre en e of 

anomalies 

ensure the viability of the fetus. When necessary, prenatal maternal 
steroids or postnatal surfactant therapy have been shown to help accel
erate lung maturity, decreasing the risk of early delivery. After the thirty
fifth to thirty-sixth weeks of gestation, delivery can usually be safely 
induced with minimal pulmonary risk; however, the true benefit of 
this is uncertain. 

Another treatment option is elective termination. This option may be 
medically appropriate for fetuses with severe bilateral 
hydroureteronephrosis and cystic kidneys or fetal urinary biochemical 
abnormalities predictive of dysplasia, karyotypic abnormalities, or associ
ated anatomic anomalies (eg, cardiac and neural). However, because of 
the seriousness of this option, careful evaluation by a team of physicians 
that includes obstetricians, perinatologists, pediatric urologists, and ethi
cists is recommended before this option is elected. 
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PRENATAL MANAGEMENT OF HYDRONEPHROSIS 
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t FIGURE 2-16. Favorable fetal urinary biochemical values [21]. The 
final alternative is some form of in utero fetal intervention, which is not 

common [20]. It is indicated in cases with the following criteria: bilateral 
(or unilateral hydronephrosis in a solitary kidney) and progressive 
hydronephrosis, oligohydramnios, no karyotypic or anatomic anomalies, 
favorable urinary indices, no sonographic evidence of renal dysplasia, and 
extensive informed consent. Types of fetal intervention include vesico
amniotic shunts, open fetal surgery, and fetoscopic surgery. However, these 
techniques should still be considered experimental. Although pulmonary 
function may be improved, many fear it will lead to an increased survival of 
infants with renal insufficiency. Furthermore, it should be remembered 
that any prenatal intervention puts the mother at risk, as well as the 
affected fetus. 

POSTNATAL MANAGEMENT OF PRENATAL HYDRONEPHROSIS 

Surgery 
• Breakthrough infection 
• Poor compliance 
• o r olution with lime 
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t FIGURE2-17. Postnatalmanagementof 

prenatal hydronephrosis. Virtually all patients with 
hydronephrosis detected prenatally should have a 
postnatal evaluation to distinguish transient fetal 
hydronephrosis from significant disease. In cases of 
unilateral hydronephrosis, most pediatric urologists 
recommend waiting at least 3 days after birth before 
obtaining an ultrasound (US) image. The kidneys do 
not produce a large amount of urine during the first 
several days after birth. Thus, a postnatal US obtained 
in the first 2 days after birth often underestimates the 

ultimate severity [22]. 

A voiding cystourethrogram (VCUG) should also be 
obtained to evaluate for vesicouretetal reflux. Because up 
to 25% of patients with prenatally detected 
hydronephrosis and no hydronephrosis on postnatal US 
are subsequently found to have reflux, a VCUG is 
recommended even when postnatal US demonstrates 
no hydronephrosis [23]. 

In patients with significant postnatal hydro
nephrosis associated with caliectasis or thinned renal 

parenchyma, a diuretic radionuclide renogram should 
be obtained to help determine the degree of obstruc
tion and relative renal function (RRF). Although there 
is still some controversy, the authors recommend 
surgical intervention in patients with less than 40% 
renal function, an obstructed patrern on renography, 
and marked hydronephrosis with an anteroposterior 
(AP) diameter of more than 2 em on US [24] or clin
ical symptoms such as infections or renal colic. In 
contrast, observation is recommended when the RRF is 
more than 40% and the AP pelvic diameter is less than 

2 em in an asymptomatic infant. If observation is 
chosen for management, aggressive and careful urologic 
follow-up is required. Up to 25% of these patients may 

ultimately need surgery [25]. 

In contrast, patients with ureterovesical junction 
obstruction may be managed nonoperatively with 
little risk [26]. In one study [27], only 17% of the 

patients had subsequent deterioration of renal infec
tion or urinary tract infection requiring surgery, In 

'-----------------------------------------' fact, it appears that the rate of spontaneous resolution 
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is much higher with ureterovesical than with uretero
pelvic junction obstruction. 
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II FIGURE 2-18. Stereotypical renogram and diuretic response patterns 
(time activity curves). Renogram (A) and diuretic (B) response patterns 
obtained from a diuretic radionuclide renogram help determine the pres
ence of obstruction. However, it should be recognized that there are 
numerous potential technical pitfalls associated with nuclear renography. 
The renogram should be standardized with respect to the patient's state of 
hydration and bladder fullness, diuretic dosage and timing of administra-
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tion, method used to calculate washout measurements, calculation of the 
background and region of interest, patient position, and radiopharmaceu
tical used [28]. However, when interpreting the results, it is important to 
consider other factors that cannot be standardized, such as the size and 
compliance of the collecting system, the differential response of the 
kidneys to diuretics, and volume dilutional effects. 
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Ves i cou retera I Ref I ux 

joseph G. Borer 
and David A. Diamond 

In the normal state, the submu o al ur t r i ompressed against a firm 

d tru or mus le backing as the bladd r fill with urine. This "flap valve" 

m hani m pr v nts retrograde flow of urin whil p rmitting intermittent 

antegrad urin pa ag during ureteral peri tal i . V i our tera l reflux 

(VUR) is the retrograde flow of urin from the bladder to th upp r urinary 

tract and i thought, in its primary form, to b th result of defi ient ubmu-

o al tunn I I ngth with deficient detrusor mu I ba king. The prevalen e 

of r flux in normal chi ldren has b en r p rt d t range from 1% Ill to 

18.5% 121. Approximately one third f ibling f hildren known to have 

th di ord r ar afflicted I L as are 67% f off pring of a parent with VUR 

[4[. One of v ral au within the broad sp trum f anatomic or fun -

tiona! bladder outlet obstru tion or abnormalities in ur t ral in rtion may 

b responsible for secondary reflux. 

In th maj rity of patients with VUR, th diagn i i made during valua

tion for a urinary tra t inf ction (UTI) [5,6]. How v r, other common reasons 

for valuation for and diagnosis of VUR in lude famili I s re ning and 

pr natal hydronephro is. Infants and young r hi ldren may pr nt with 

fever, malodorous urine, dy uria, urinary frequen y, lethargy, or gastroin

testinal symptom . Although newborn ar typi ally nonspecifi in th ir lin

i al pr s ntation, failure to thrive and I thargy ar worrisome signs. 

Diagnosti evaluation is r mm nd d after the fir t do um nt d UTI with 

or with ut fever. Traditionally, d t tion and grading of r flux hav b n 

ba ed on the appearance of radiopaqu ontrast material in th upper 

urinary tract during a voiding y tour throgram (VCUG), ac ording to the 

lnt rnational Classification yst m tablish d by th International R flux 

Study [71. Although it does not provid a mu h anatomic detail, th u f 

radionu lid y togram (R C) has be om a taple for familial screening 

and follow-up of patients who have been treat d for VUR b au e of th 

increased sensitivity and d rea d radiation exposure of R C ompared 

with conv ntional fluoroscopi ystography. The RNC grading syst m orr -

lat lo ly with the International Classifi ati n Sy t m [81. 

Cy to opy ha a limited role in the diagno is of reflux be aus th 

ur t ral orifi onfiguration has b n found to be of little valu in 

predicting th pre nee of reflux or prognosti ating the likelihood of it 

spontaneous r olution. Urodynamic evaluation may b indicated for hil

dren suspected of having a ondary cause for r flux ( g, po terior 

ur thral valves, neurogeni bladd r, r non-neurogeni bladd r) a an aid 

both in establ ishing a diagnosis and guiding therapy. 



All patients suspected of having reflux should be placed on a 

prophylactic antibiotic regimen with or without an initial thera

peutic antibiotic course, as dictated by presentation. Antibiotic 

prophylaxis is continued through diagnostic evaluation, which 

requires urethral catheterization for radiographic or scintigraphic 

study. If the diagnosis ofVUR is established, a management plan is 

formulated based on many factors. These include (but are not 

limited to) the cause (primary vs secondary), mode of presenta

tion, and grade of reflux, as well as age, gender, presence of renal 

scarring, and general health of the patient. Early surgical interven

tion may be necessary for treating the etiologic factors of patients 

with secondary reflux and for treating patients with primary high

grade reflux. More commonly, antibiotic prophylaxis is continued 

and serial examinations are performed with the knowledge of 

expected spontaneous resolution rates. 

Medical or expectant management entails a concerted effort by 

the patient, the patient's family, and the clinician to protect the 

patient from VUR-related complications during the period of 

observation through his or her spontaneous resolution. This is the 

typical treatment approach for those patients with mild to 

moderate grades of reflux in whom spontaneous resolution is 

likely. Surgical intervention for the treatment of a patient with VUR 

should be recommended only after careful consideration of the 

all-important clinical factors involved for the individual patient. In 

the absence of indications for early intervention, surgery should 

be considered as an alternative to continued medical manage

ment of persistent reflux only after an appropriate length of time is 

granted for spontaneous resolution. Indications for early interven

tion include noncompliance with medical management, break

through UTI with pyelonephritis, and an associated paraureteral 

(Hutch) diverticulum. 

Grades I and II VUR (according to the International 

Classification System) have spontaneous resolution rates ranging 

from 56% to 90% over 2.5 to 5 years of follow-up [6, 1 0-15]. 

Several investigators [13, 16, 17] have reported resolution of grade 

Ill reflux in approximately 50% of patients followed for up to 5 

years. In a prospective randomized investigation [18], patients 

with grades Ill and IV VUR randomized to medical therapy were 

followed for 5 years in the International Reflux Study. Reflux reso

lution occurred in 25% of the 41 patients in the American arm 

[19]. In the European arm, reflux resolved in 61% with unilateral 

and 10% with bilateral reflux [20]. McLorie et at. [17] reported 

spontaneous resolution in 30% of patients with grade IV and 12% 

with grade V reflux followed up for 5 years. 

Numerous techniques of ureteral reimplantation have been 

described, but the first to receive widespread acceptance was that 

by Politano and Leadbetter in 1958 [21]. Success rates, defined as 

correction of VU R without ureteral obstruction, have ranged 

between 88% and 99% for the Politano-Leadbetter ureteroneo

cystostomy [22-28]. A subsequent intravesical technique that 

achieved widespread acceptance was the transtrigonal ureteral 

advancement described by Cohen [29]. Excellent success rates 

ranging from 96% to 100% have been reported with this tech

nique [25,27,29-35]. The Cohen reimplant, appropriately referred 

to as a transverse ureteral advancement, is currently the most 

commonly performed of all reimplantation techniques worldwide. 

The anatomically appealing Lich-Gregoir extravesical tech

nique [36,37] was originally associated with unsatisfactory 

success and complication rates. A renewed interest in this less 

invasive approach has resulted in improved success rates ranging 

from 90.2% to 98.2% [38-44]. Modifications of the original 

Lich-Gregoir technique have included a combination of the 

ureteral orifice advancing sutures as described by Daines and 

Hodgson [45] and a more liberal circumferential detrusor dissec

tion at the ureteral orifice described by Zaontz et at. [46]. Success 

rates incorporating these modifications have ranged from 93% to 

99.5% [28,46-48]. Burbige et at. [49] have reported a 100% 

success rate in 128 children with 174 refluxing ureters using either 

a dismembered (64 ureters) or nondismembered (11 0 ureters) 

extravesical technique. 

Endoscopic treatment of children with VUR was first introduced 

by Matouschek [50] when he injected polytef paste into the subu

reteric region of a patient. The transurethral treatment of patients 

with VUR is appealing to clinicians and patients because it can be 

performed on an ambulatory basis, is minimally invasive, and is 

highly successful. The search continues for the ideal injectable 

substance, ie, one that conserves its volume and is nonmigratory 

and nonantigenic. Currently, several materials and transurethral 

delivery systems are in use clinically or are undergoing evaluation 

for the treatment of patients with VUR. These include polytef 

paste, silicone microimplants, injectable bioglass, collagen, the 

deflux system, and a detachable membrane system. In addition, 

several autologous materials, including adipose tissue, chondro

cytes, and muscle cells have been used or are under investigation 

as agents for endoscopic injection to correct vesicoureteral reflux. 

The endoscopic treatment of VUR has proven effective based 

primarily on the experience with transurethral delivery and subu

reteric injection of polytef. Other novel systems, using either auto

logous or nonautologous injectable substances, are currently 
under investigation for the treatment of patients with VUR. The 

safety and efficacy standards relevant to systems and substances 

used for treating an infant or child with VUR should be most strin

gent. In addition to efficacy and safety, durability of treatment in 

our young patient population is of vital importance. The long-term 

clinical results from the newer substances need to be critically 

reviewed. The next several years will be extremely interesting and 

important in determining which delivery systems and bulking 

agents are the most efficacious and safest for the treatment of 

patients with VU R. 
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PATHOPHYS IOLOGY 

Bladd r \ all 

A ormal B al ur t r 

of the distal ureter as it traverses the bladder wall. 
This "flap valve" mechanism prevents retrograde 
flow of urine while permitting intermittent ante
grade urine passage during ureteral peristalsis. 

t FIGURE 3-1. Normal and abnormal ureters. A, The normal ureter depicted longitudinally in its 
distal course [9). The normal intramural ureteral tunnel has a length that is approximately fivefold 
greater than the ureteral orifice diameter [51). As the bladder fills with urine, the submucosal ureter is 
compressed against a firm detrusor muscle backing. As shown, this is facilitated by the oblique course 

B, Primary vesicoureteral reflux results from a 
congenital abnormality of the ureterovesical 
junction (UVJ) whereby an inadequate valvular 
mechanism allows the retrograde flow of urine 
from the bladder to the upper urinary tract 
[9,51]. An inadequate valvular mechanism may 
result when the distal ureter passes in a course 
near perpendicular to the bladder wall, as shown 
here. The embryologic relationship between the 
distal ureter and bladder during the first few 
weeks of gestation determines the development 
of the UVJ. A ureteral bud that has an abnor
mally caudal takeoff from the mesonephric duct 
inserts into the bladder at a lateral and cranial 
position relative to normal. This relationship 
offers an embryologic explanation for primary 
reflux [52]. 

t FIGURE 3-2. Voiding cystourethrogram (VCUG) from an 8-year-old 
boy who presented with a history of nocturnal and diurnal enuresis, dysuria, 
and straining at micturition. A, Secondary vesicoureteral reflux (VUR) may 
result from several etiologies within the broad spectrum of anatomic or 

functional bladder outlet obstruction, including myelodysplasia and poste
rior urethral valves. This oblique view from the voiding phase of a VCUG 
depicts the typical dilated posterior urethra (U) and posteriorly placed 
pinpoint luminal opening of the urethra at the proximal extent of classic 
type I (Young's classification) posterior urethral valves (arrow). 

B, Anteroposterior view showing a trabeculated bladder (B) with a 
thickened bladder wall (BW) and bilateral vesicoureteral reflux. Note the 
dilated posterior urethra (U) and the normal caliber urethra distal to the 
posterior urethral valves. 

C, Anteroposterior view of kidneys obtained during the VCUG shows 
bilateral VUR of moderate grade. Reflux is present in approximately 50% 
of patients with posterior urethral valves at the rime of diagnosis. VUR 
resolved in this patient after transurethral valve resection was performed, as 
it does in approximately 50% of patients with reflux preoperatively [53]. 
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D IAGNOS IS 

• FIGURE 3-3. Prenatal ultrasound (coronal view) showing moderate dilation of the renal pelvis 
(P) and calyces (C) bilaterally in a patient found to have bilateral vesicoureteral reflux (VUR) on 
postnatal evaluation. Moderate to severe prenatal hydronephrosis should be evaluated postnatally by 
ultrasound of the kidneys and bladder as well as by voiding cystourethrogram (VCUG). Newborns 
with moderate to severe upper tract dilation should be fully evaluated with VCUG, as should infants 
with significant intermittent hydronephrosis shown on prenatal or postnatal ultrasound. A urine 
culture should be included in the evaluation of any infant or child who presents with fever or 
malaise. Discussions about bowel status, urinary voiding schedules, and hygiene should be part of 
the initial interview of older children with urinary tract infections (UTis) who are suspected of 
having VUR. Patterns of dysfunctional voiding should be identified because they appear to 
contribute to the persistence and clinical consequences of reflux [54,55]. 

A noninvasive ultrasound of the kidneys and bladder is the diagnostic study of choice in the 
setting of acute urinary infection. Ultrasonography can identifY major malformations and severe 
obstructive processes of the urinary tract. In addition to ultrasonography, VCUG or radionuclide 
cystography is necessary to establish the diagnosis ofVUR. Reflux is found in 29% to 50% of chil
dren with UTis [7]. Evaluation is warranted for all children younger than age 10 years who have had 
a well-documented UTI and for all children who have had a febrile UTI, regardless of age. 
Adolescents who present with asymptomatic bacteriuria or UTis that are manifested solely by lower 
tract symptoms can be initially screened with ultrasonography alone, reserving cystography for those 
with abnormal upper tracts and those with recalcitrant infections. 

LASSIFI 

• FIGURE 3-4. Classification of vesicoureteral reflux based on voiding 
cystourethrogram (VCUG). The International Classification System estab
lished by the International Reflux Study provides the current standard for 
grading reflux and is based on the anatomic appearance of contrast in the 
ureter and renal collecting system during VCUG [7]. A, Grade I: reflux of 

ATION 

radiopaque contrast into a nondilated ureter. B, Grade II: reflux of 
contrast into nondilated ureter, renal pelvis, and calyces. C, Grade III: 
reflux into ureter, renal pelvis, and calyces with mild to moderate dilation 
of the collecting system. 

(Continued on next page) 
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Gr de 1 Grade 2 Grade 3 

t FIGURE 3-4. (Continued) D, Grade IV: 
moderate to severe dilation of the collecting 
system with marked blunting of the calyceal 
fornices and, at times, mild to moderate ureteral 
tortuosity. E, Grade V: gross dilation of the 
entire collecting system and ureter with loss of 
papillary impressions. 

t FIGURE 3-5. Classification of vesicoureteral reflux based on radionu
clide cystogram. The radionuclide cystogram is the scintigraphic equiva
lent of conventional fluoroscopic cystography. Although the technique 
does not provide the anatomic derail of fluoroscopic studies, it is a sensi
tive method for detecting and following reflux using a markedly decreased 
radiation dose relative to standard voiding cystourethrography [8]. The 
classifications are defined as follows: grade 1, reflux of tracer into ureter 
only (correlates to grade I of the International Classification System); 
grade 2, reflux into the collecting system with or without impression of 
mild dilation (correlates to grades II and III of the International 
Classification System); and grade 3, reflux into a markedly dilated 
collecting system with ureteral tortuosity (correlates to grades IV andY of 
the International Classification System). 
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L R 
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t FIGURE 3-6. An important adjunctive diagnostic modality used in the child with vesicoureteral 
reflux (VUR) is that of renal scintigraphy using 99mTc- labeled dimercaptosuccinic acid (DMSA). 
This is a sensitive technique for detecting acute pyelonephritis and cortical renal scarring. A, DMSA 
renal scan (pinhole image, posterior view) performed at the time of an acute febrile urinary tract 
infection in a 1-year-old girl. Acute pyelonephritis in the left kidney (L) with upper and midpole 
involvement is detected by decreased cortical uptake of the radionuclide tracer. There is no evidence 
of volume loss because the cortical outline is intact. Pyelonephritis impairs tubular uptake and causes 
areas of photon deficiency in the renal cortex. B, On DMSA renal scan, approximately 30% of 
patients with VUR show some evidence of renal parenchymal scarring that is usually proportional to 
the severity of reflux [7,14]. Reflux nephropathy is depicted in this DMSA scan (planar image, 
posterior view), which shows both focal scarring and globally decreased relative function in the right 

kidney (R) secondary to VUR. C, Global reflux nephropathy in the left kidney as well as a focal 
defect in the right kidney as imaged with high-resolution single-photon emission computed tomog
raphy. T his technology incorporates 360° imaging and computer reconstruction, which enhance its 
sensitivity for identifying cortical defects. 

TREATMENT OPTIONS 

Possible Treatment Options for 
Patients with Vesicoureteral Reflux 

t FIGURE 3-7 . Possible treatment options (medical and surgical) for 
patients with vesicoureteral reflux [5] . 

ontinuous antibi ti prophylaxi 
Antibi tic prophylaxis and bladder training (limed voiding and 

behaviora l te hniqu ) 
Antibi ti pr phylaxi , bladd r training, and anticholinergic 

m d i ation 
Op n urgi al r pair 
Endo copi repair 
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INDICATIONS FOR INTERVENTION 

Indications for Surgical or Endoscopic •; 
Intervention in Patients with Vesicoureteral Reflux ~ 

p iall wh n bi lateral or a iated with 

or d terioration 

~ FIGURE 3-8. Indications for surgical or endoscopic intervention in 

patients with vesicoureteral reflux. 

SURGICAL CORRECTION OF VESICOURETERAL REFLUX 

t FIGURE 3-9. Politano-Leadbetter technique. A, Both the right ureter (R) 

and left ureter (L) have been circumferentially dissected (see Fig. 3-1 1 A), and 

their distal aspects are protruding through each respective native hiatus. A 

right-angle damp has been passed in a cephalad direction through the left 

native hiatus, and the tips are elevating full thickness bladder wall at the 

proposed site of the neohiatus for the left ureter (arrow). At this point, the peri

toneum is pushed off of the posterior bladder wall with the aid of the tips of a 

right-angle clamp and a Kuttner dissector. This dissection is performed 

through the native hiatus of the ureter being reimplanted and is facilitated with 

the use of a lighted suction tip. The bladder neck (BN) and dome (D) are 

labeled for the purpose of orientation. 

B, The left ureter has been passed from irs respective native hiatus outside 

the bladder and then back into the bladder through its new hiatus (arrow). A 
right-angle clamp lies within the extravesical path prepared for the right ureter. 
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t FIGURE 3-9. (Continued) C, The left ureter has been passed 
through irs submucosal runnel (under the small section of mucosa that 
separates the new and native hiatus) on that side. The right ureter has 
reentered the bladder through its new hiatus. Mucosal defects at the 
site of the native ureteral meatus are clearly visualized (arrows). Both 

I 

£.. 
, ., 

.; 
J 

native hiatal defects have been approximated with absorbable suture in 
a simple interrupted technique. D, The ureters have been anastomosed 
at their new meatal sites (arrows) and the mucosa has been approxi
mated over the reimplanted ureters, completing the repair. 

Results of the Politano-Leadbetter Technique 
t FIGURE 3-10. Results of the Politano
Leadbetter technique. NA-not available. 

Range or Time of 
Studr_ Patients, n Ureters, n Follow-ue., mo Success Rate, %* 

Politan [221 100 152 8- 60 96.3 
Hendr n [23) 242 465 A 99.0 
Price eta/. [241 102 191 A 97.4 

arpentier eta/. 1251 70 100 6 88.0 
t ffen eta/. 126) 464 565 A 90.4 

Burbige 1271 70 88 12 8 96.7 
Ell worth and 

M rguerian 1281 27 43 6 95 .3 

'Ureters w ith resolution of reflu . 
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t FIGURE 3-11. The Cohen technique. A, The bladder has been 
opened via a midline longitudinal incision. Note the bladder dome (D) 
and bladder neck (BN) with pooling urine. A catheter has been passed up 
rhe right ureter, and fine chromic sutures have been placed cephalad and 
caudad to the ureteral oritlce. These traction sutures aid in dissection of 
the distal ureter and demarcate the margins of the 3- to 4-mm mucosal 
cuff to be preserved. Sharp dissection is carried out with tenotomy scis
sors or the use of low-current, cutting electrocautery with a pinpoint tip. 
B, The distal extent of each ureter has been dissected in this patient 

__ , 
""' ·--- \ 

undergoing bilateral reimplantation. The ureters protrude from their 
respective native hiatus (arrows) and are laid transversly within the 
bladder, superficial to the site of the planned submucosal tunnel for each. 
C, A right-angle clamp has been passed from right to left through the 
mucosal defect that was the site of the native right ureteral orifice, illus
trating the submucosal tunnel that has been prepared for the right ureter 
(R). The left ureter (L) has already been passed through its submucosal 
tunnel and the tip is visualized. 

(Continued on next page) 
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t FIGURE 3-11. (Continued) D, Both ureters have been passed 
through their respective submucosal tunnels and the mucosal cuffs have 

Results of the Cohen Technique 

been used to secure each ureteral orifice at its new site with simple inter
rupted fine chromic suture (arrows). 

t FIGURE 3-12. Results of the Cohen 
technique. NA-not available. 

Range or Time of 
Studr_ Patients, n Ureters, n Fo/low-ue_, mo 

ohen [291 A 189 A 
Ahmed [30] 92 131 3 

arpenti ret a/. 1251 71 100 6 
Ehrlich [31 I 135 229 A 
Wa ksman [32] A 52 12 
Glas berg I a/. 1331 60 101 6-36 
Burbig 127] 50 2 12 8 
M e ool and jo eph 1341 186 308 A 
K nnelly et at. I 51 110 182 6 

•ureters with resolution of reflu . 

t FIGURE 3-13. The extravesical (Lich-Gregoir) technique. A, After 
dissection to the level of the anterior bladder surface, the dissection is 
carried laterally toward the side of the ureter to be reimplanted, between 
the bladder and pelvic side wall. Structures visualized in this dissection for 
extravesicalleft ureteral reimplantation include the bladder neck (BN) and 

Success Rate, %• 
99.0 
99.2 
97.0 
98.7 
98.0 
99.0 
97.8 
96.0 
98.3 

dome (D), external iliac vein (V), and obturator nerve (N). The distal left 
ureter (U) has been identified between the obliterated umbilical artery 
and the bladder side wall. The obliterated umbilical artery (arrow) has 
been ligated and divided to facilitate further dissection of the distal ureter. 

(Continued on next page) 
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Ill FIGURE 3-13. (Continued) B, The bladder has been distended 
with saline via a catheter passed through the urethra and prepped in the 
field. Note the mucosa (M) protruding between the edges of the 
detrusor defect (D) and stay sutures (S) through muscle, which facilitate 
the dissection. A vessel loop has been passed around the left ureter (U). 
The dissection is carried to the level of the ureteral insertion (I). A more 
extensive and circumferential dissection around the ureteral insertion, as 

well as placement of an advancing suture, are modifications of the detru
sorrhaphy technique [ 46]. C, The distal ureter (U) has been laid in the 
prepared mucosal trough and is then covered by approximation of the 
raised lateral and medial flaps of detrusor muscle (D). D, Note the rela
tively straight course of the distal left ureter (U) as it enters its new 
detrusor hiatus upon completion of detrusor flap approximation and 
release of bladder traction. 
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Results of the Lich-Gregoir Technique 
t FIGURE 3-14. Results of the Lich-Gregoir 
technique. NA-not available. 

Patients, n 

M Duffi eta!. I 81 51 
Hampel eta/. 139] 51 
Marberg ret a/. 1401 371 
Bruskewitz eta/. 1411 62 
A rap I a/. 142] 300 
Linn era/. 1431 70 
H imbach eta/. 1441 225 

•ureters with resolution of reflux. 

Ureters, n 

76 
83 

429 
82 

520 
135 
283 

Range or Time of 
Follow-up, mo 

6- 156 
12- 96 
6- 36 
2-81 

6-168 
12-120 

23 (mean) 

Success Rate, %* 

6.0 
90.2 
97.7 
9 .9 
99.0 
92.5 
98.2 

Results of the Detrusorrhaphy (Modified Lich-Gregoir) Technique 
t FIGURE 3-15. Results of the detrusorrhaphy 
(modified Lich-Gregoir) technique. Modifications 
of the original Lich-Gregoir technique, including a 
combination of the ureteral orifice advancing 
sutures as described by Daines and Hodgson [45] 
and a liberal circumferential detrusor dissection at 
the ureteral insertion described by Zaontz et al. 

[46]. NA-not available. 

Range or Time of 

Stud!: Patients, n Ureters, n Follow-ue_, mo 

Zaontz eta/. 1461 79 120 A 
Wack man el a/. 1471 132 211 6-12 
Houle l a/. 1481 45 65 6 
Ellsworth and 29 38 6 

Mergu rian 1281 

t FIGURE 3-16. Endoscopic correction of vesicoureteral reflux. 
A, Cystoscopic view before transurethral subureteric chondrocyte injection 
(top panels) with an abnormal right ureteral orifice (RUO) and left ureteral 
orifice (LUO). Cystoscopic view after bilateral transurethral subureteric 

Success Rate, %* 

93.0 
99.5 
95.4 
94.7 

chondrocyte injection (bottom panels). B, Ultrasound (transverse bladder 
view at the trigone level) obtained 1 month after transurethral subureteric 
injection of chondrocytes. Note the mounds of injected chondrocyte 
mixture at the respective ureteral orifices (arrows). 
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Results of Transurethral Subureteric Injection 
t FIGURE 3-17. Results of transurethral 
subureteric injection. NA-not available. 

Injectable 
As.ent Patients, n Ureters, n Success Rate, %* 

Polyt f 844 1290 82.0 
P lytef 47 60 82.0 
Polytef 68 100 75.0 
p lyt f 4166 6216 76.3 

ollag n 57 92 61.4 
ollagen 1 2 204 62.7 

Deflux ystem 75 101 68.0 
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Ureteral Duplications 
and U reteroceles 

4 
Emilio Merlini 

and Douglas A. Canning 
Abnormal development of the ureteric bud causes both ureteral duplication 

and ureterocele. Proximal branching of the ureteric bud is the cause of 
incompletely duplicated or bifid ureters, but completely duplicated ureters 

are caused by the development of two separate ureteric buds from the 
mesonephric duct. Ureteroceles are probably the result of abnormal distal 

ureteral canalization of Chwalla's membrane. 
The incidence of ureteral duplication anomalies in the general popula

tion is 0.66% [1], with bifid ureters being five times more common than 

completely duplicated ones. Bilateral duplications are found in 39% of 
cases [2] . Patients with bifid ureters usually have no symptoms. In three situ
ations, however, symptoms may occur 1) if vesicoureteral reflux (VUR) is 
present, 2) if a ureteropelvic junction obstruction exists in the inferior 

branch of the bifid ureter, or 3) (less commonly) if uretero-ureteric reflux 

occurs because of a functional obstruction distal to the branch point in 
the ureter. 

Complete ureteral duplications occur less commonly but are more likely 
to produce symptoms that require surgical attention. The most common 
anomalies in a duplex system are VUR into the lower pole ureter and 

ectopia of the upper pole collecting system with associated obstruction. 

Ureteroceles are cystic dilatations of the intravesical portion of the 
terminal ureter. The incidence in autopsy studies is one in 500. Eighty 

percent of ureteroceles occur in duplex systems, and 10% of ureteroceles 
are bilateral. If a ureterocele occurs in a duplex system, the upper pole 
moiety is always affected. Single-system ureteroceles are relatively rare but 
are more common in males. Ureteroceles in the upper pole moiety of a 
duplex system are more common in females, occurring four to seven times 

more frequently than in males. In 70% of upper pole ureteroceles, the 
ureteric orifice is in an ectopic position at the bladder neck or in the prox

imal urethra. 
The cause of ureteroceles is still unclear. Tanagho [3] believes that 

because of a late junction of the ureteric bud with the urogenital sinus, the 
ureter itself is involved in the expansion of the vesicourethral canal that 

ordinarily would take place after the ureter meets the bladder. 



A 

t FIGURE 4-1. Embryology. A, During the fourth week of embryonic life, the ureteric bud (C) 
originates as a diverticulum from the posterolateral aspect of the mesonephric duct (B), where it bends 

c 0 

t FIGURE 4-2. A, Partial duplication. An early branching of the ureteric bud (Cl, C2) causes an 
incomplete ureteric duplication or bifid ureter, which may vary in extension from bifid pelvis to an 
almost complete duplication with a short common limb limited to the intramural ureter. B, Complete 
duplication. A complete ureteric duplication or duplex ureter is caused by the development of two 
separate ureteric buds (Cl, C2) that originate independently from the mesonephric duct (B) and 
induce the development of a duplex kidney. C, Rotation of the mesonephric duct. During the devel-
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before entering the cloaca (A). The proximal end 
of the ureteric bud meets the metanephric 
blastema (E) and then undergoes a series of 
dichotomous branchings called ampullae. These 
later will form the collecting ducts, the calices, 
and the pelvis. The segment of the mesonephric 
duct that is located distal to the origin of the 
ureteric bud is called the common mesonephric 
or excretory duct (D). B, By 33 days of gestation, 
the common mesonephric duct dilates and is 
progressively incorporated into the developing 
urogenital sinus. During this process, the orifice 
of the mesonephric duct, which will give origin to 
the seminal vesicles (B), moves causally to open 
into the fUture posterior urethra, but the ureteric 
orifice ends in a more cranial position. 

opment of the trigone, the most cranial ureter 
(Cl), which drains the upper moiery of the 
duplex kidney, rotates inward on its long axis 
(direction of the arrow) and crosses the lower 
ureter (C2). D, Demonstration of the Weigert
Meyer law. The upper pole ureter opens in the 
urogenital sinus in a more distal and medial posi
tion than the lower pole ureter; the relationship 
between the two ureteric orifices is constant. 

When two ureters originate close to each other 
and in a near-normal position, the ureteral orifice 
for both the upper and the lower pole end in a 
normal position on the trigone. In this case, a 
normal kidney develops. When the two ureteral 
buds originate at widely separate positions on the 
mesonephric duct, the upper pole ureter, which is 
located at a cranial position on the mesonephric 
duct, is later incorporated into the urogenital 
sinus. As a result, the ureteric orifice is situated in 
an ectopic position, inferior to the trigone. The 
lower pole ureter joins the mesonephric duct 
closer to the urogenital sinus. The lower pole 
orifice migrates cranially and laterally, leaving a 
relatively short intravesical tunnel. Vesicoureteric 
reflux into the lower pole ureter may be present 
because of the short tunnel length. 

Mackie and Stephens [4] believe that stimula
tion of the metanephric blastema by the ureteral 
bud in the central position is critical to normal 
renal development. If the ureteral bud meets the 
metanephric blastema either too cranial or too 
caudal along the metanephric blastema, renal 
dysplasia results. That is why poor renal function 
of the renal moiery drained by a particularly 
ectopic ureter is the rule. Similarly, few severely 
refluxing ureters drain normal renal units. 



t FIGURE 4-3. Vcsicourctcral reflux (VUR) in a duplex system. This voiding cystourethrogram 
(VCUG) shows VLJR into a single ureter on the left and into the lower pole of a completely 
duplicated system on the right. VUR may affect the common limb of bifid ureters or it may be 
observed when the two ureters originate close together at a lateral position on the trigone. 

Occasionally, the decision is made to discontinue antibiotic prophylaxis in an older child if the 
reflux is low grade, if renal scarring has not occurred, and if the child has not had severe symp
toms from a urinary tract infection (UTI). Anti reflux surgery is often recommended if 1) UTI 
occurs despite treatment with antibiotic prophylaxis, or 2) high-grade reflux persists in an older 
child. Partially duplicated systems, even if the common limb is short, may be reimplanted in a 
standard cross-trigonal fashion. 

t FIGURE 4-4. Ureteropelvic junction (UPJ) obstruction in a duplex system. When there is a 
UPJ obstruction of the inferior limb of a bifid ureter, a standard dismembered pyeloplasty may be 
very difficult or even impossible because of the short length of the lower ureter (A). In such cases, 
a pyeloureterostomy between the lower moiety pelvis and the upper pole ureter is a satisfactory 
solution. When the lower moiety ureter is very short, the two limbs can be joined together (B) to 
create a new single pelvis. In rare instances, a functional obstruction similar to a ureteropelvic 
)Unction obstruction is present at the junction of the distal two limbs of a bifid ureter (C). In this 
case, retrograde peristalsis results in urine flow from one ureteral limb to the other (direction of the 
ilrrow) rather than down the common distal ureter. This condition, which is also termed the "yo
yo reflux," is more apparent when the junction is distal or when vesicoureteral reflux (VUR) coex
ists. The yo-yo phenomenon is rare, even in cases in which distal obstruction exists. But urinary 
stasis in the proximal collecting system may cause urinary infection, flank pain, or hematuria. If 
VUR is present, reimplantation of the common stem is usually corrective. Rarely. a pyelo-

pyelostomy or a high pyeloureterostomy with 
excision of the upper ureter may be needed to 

relieve symptoms. 
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t FIGURE 4-5. "Drooping lily." This cystourethrogram reveals high-volume vesicoureteral reflux 
(VUR) with intrarenal reflux into the parenchyma of the lower pole moiety of a duplex kidney. 
Complete ureteral duplications may be affected by VUR into the lower pole ureter because the ureter 
enters the bladder in a more lateral and cranial position than normal. The resulting ureteral tunnel is 
short, predisposing the ureterovesical junction to incompetence. VUR then results. The most 
common presenting symptom is urinary tract infection (UTI). More than 60% of children with a 
previous UTI and a duplex kidney have VUR [5]. The voiding cystourethrogram sometimes shows 
reflux into a "drooping lily," the indirect sign of a duplex kidney. The "drooping lily" refers to the 
renal pelvis of the refluxing lower pole system: the pelvis is in a lower than normal position and is 
frequently laterally displaced, resulting in the appearance of the drooping pedals of a lily. 

indicating severe dysplastic changes or parenchymal scarring because of 
repeated episodes of urinary tract infection (UTI). In this case, the treat
ment of choice is lower pole partial nephrectomy; this is relatively rare. In 
most cases, the lower pole is worth saving, and a "double-barreled" reim
plant is the best surgical treatment. Grade for grade, vesicoureteral reflux 
(VUR) resolves as frequently in the lower pole ureter in a duplex system as 
it does in a single system ureter. The reason that studies of patients with 
duplex kidneys show a smaller reflux resolution frequency is that duplex 
kidneys present with higher grades of reflux [6]. Therefore, a trial of 
medical management is warranted, particularly in children with 
low-grade reflux. 

Considerations for surgical treatment are the same as for reflux in 
simple ureters and include 1) breakthrough infections despite appropriate 
medical management, 2) noncompliance with medical management, and 
3) persistent high-grade reflux after years of medical management. 

t FIGURE 4-6. Poor renal function in the refluxing lower pole. This 
image is taken from a 99m-technetium (99mTc)-labeled dimercaptosuc
cinic acid (DMSA) scan in the child shown in Figure 4-5. The renal scan 
demonstrates an absent uptake of isotope in the left lower pole. In this case 
of severe reflux, DMSA uptake may be absent or substantially reduced, 

Endoscopic treatment ofVUR in patients with duplicated systems is 
unsatisfactory, with a permanent resolution rate of only 46% [7]. The 
procedure of choice, when the refluxing ureter is not excessively dilated, is 
"double-barreled" ureteroneocystostomy. If the refluxing ureter is massively 
dilated, it may be tapered or tailored before reimplantation or, in select 
cases, a uretero-ureterostomy or pyelo-ureterostomy with excision of the 
distal refluxing ureter may be indicated. 

Locations of the Orifices of Ectopic Ureters 
t FIGURE 4-7. Locations of the orifices of ectopic ureters. An ectopic 
ureter opens into a position that is more distal than normal along the path 
of the mesonephric duct. In males, the location of the ectopic orifice is 
along the pathway of the normal development of mesonephric duct. 
Although the developmental process that results in the ureteric bud 
opening into miillerian derivatives in females is not clear, it has been 
proposed that ectopic ureters may rupture into the adjacent miillerian 
structure along the path of Gartner's duct. 

Male 

Bladder neck 
Posterior urethra 
Seminal vesicle 
Epididymis 
Rectum 

Female 

Bladder neck 
Urethra 
Uterus 
Vagina 
Fallopian tube 
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~ FIGURE 4-8. Ectopic upper pole with incontinence. This intravenous pyelogram shows a 
bilateral duplex system in a 4-year-old girl, with continuous wetting from an ectopic right upper 
pole ureter. The right upper pole ureter is slightly dilated and ends at the introitus. Ectopic ureters 
in males are almost always obstructed and dilated. Sometimes ureters terminating at the bladder 
neck reflux during micturition. In these cases, urinary tract infection (UTI) may develop. In females, 
the ureters ending in the bladder neck or urethra arc usually dilated and may reflux. UTI is common 
in this case. Conversely, ureters that drain distal to the bladder neck or urethra, at the vaginal 
introitus, or along the path of Gartner's duct usually are found during an evaluation for continuous 
urinary incontinence. 

~ FIGURE 4-9. Ectopic ureteral orifice to the introitus. Sometimes 
ectopic ureters end inferiorly on the anterior vaginal wall or in the septum 
between the urethra and vagina. The ureteral orifice in these cases can 
sometimes be seen and cannulated with a ureteral catheter, as shown here. 

~ FIGURE 4-10. Upper pole dysplasia. In some cases, the ureter and the 
collecting system are not dilated. If the upper pole function is so poor that 
it cannot be visualized on excretory urograms, identification of an ectopic 
upper pole ureter in a patient presenting with urinary incontinence may be 
exceedingly difficult. In such cases, an accurate renal ultrasound may 
sometimes show a small, echogenic upper pole renal segment that was not 
visible on the intravenous pyelogram. 

In nearly all cases, the function of the upper pole segment is poor, 
usually less than 5% total function. If the function is poor, the upper pole 
of the kidney may be removed along with the upper pole ureteral segment. 
Rarely, upper to lower ureteropyelostomy will effectively decompress the 
system. Alternatively, lower ureteroureterostomy may be performed. 
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It FIGURE 4-11. Ureteroceles. A ureterocele is a cystic dilatation of the 
intravesical ureter. Ureteroceles may be associated with a single system 
ureter (A); in such cases, they are also called adult type ureteroceles 
because they are frequently found in adults. In most cases, single system 
ureteroceles are associated with less hydronephrosis and minor obstructive 
renal changes than the duplex system ureteroceles that are more commonly 
seen in children. Approximately 80% of ureteroceles are associated with 

Classification Of Ureteroceles 

t ph n !101 
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It FIGURE 4-12. Classification of ureteroceles. In the past, the 
classification of ureteroceles has been inaccurate and confusing. Ericsson 
[9] divided ureteroceles into simple or adult type when they are associated 
with a single ureter and ectopic when they are associated with the upper 
pole of a duplex system. This classification is inaccurate because 
ureteroceles associated with a duplex system may reside completely 
inside the bladder. 

B 

the upper pole of a duplex system. The ureterocele may reside completely 
inside the bladder (an intravesicle ureterocele; B), or part of the ureterocele 
may extend distal to the bladder neck (an ectopic ureterocele; C). In most 
cases, the ureterocele obstructs the upper pole ureter. The upper pole renal 
segment is dysplastic in 50% of cases. In duplex systems, the ipsilateral 
lower pole ureteric orifice is displaced superolaterally by the ureterocele. 
The ipsilateral lower pole ureter refluxes in more than 50% of cases [8]. 

Stephens [10] classified ureteroceles based on the location and 
morphology of the orifice. In Stephens' system, a ureterocele is stenotic 
when the ureteral orifice is small or nonvisible and located within the 
bladder. When the orifice is patulous and distal to the bladder neck, the 
ureterocele is referred to as sphincteric. When the orifice is both ectopic 
and stenotic it is called spincterostenotic. If the orifice is inside the bladder 
but has a "tonguelike" extension into the urethra, Stephens [1 O] calls it a 
caecoureterocele. If the upper pole is hypoplastic and the afferent ureter is 
nondilated or atretic, it is called a blind ureterocele. 

On behalf of the Committee on Terminology, Nomenclature and 
Classification of the Section of Urology of the American Academy of 
Pediatrics (AAP), Glassberg et al. [11] simplified the classification of urete
roceles. In the AAP system, ureteroceles are divided into intravesical and 
ectopic. Ureteroceles are further defined according to the number of 
ureters (simple or duplex) and the type and location of the orifice: 
stenotic, sphinteric, sphinterostenotic, or caecoureterocele. From a prac
tical standpoint, the distinction between intravesical and ectopic uretero
celes has most relevance when surgical therapy is considered. Simple urete
roceles are almost always successfully treated with endoscopic puncture. 
Ectopic ureteroceles usually require subsequent trigonal surgery to correct 
associated vesicoureteral reflux or incontinence. 
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t FIGURE 4-13. 
Fetal ultrasound. This 
prenatal ultrasound 
shows, from left to 
right, the ureter (U) 
ending in an uretero
cele (UC) located 
inside the bladder, the 
dilated collecting 
system, and the fetal 
kidney (K). Third 
trimester fetal ultra
sound studies have 
resulted in an 
increasing number of 
ureteroceles that may 
be treated immediately 
after birth before 
infection supervenes. 

t FIGURE 4-15. Duplex system with upper pole ureterocele. This renal 
ultrasound shows a duplex collecting system with a dilated upper moiety 
and thinning of the renal parenchyma. Increased echogenicity and the 
presence of cortical cysts in the upper pole indicate parenchymal dysplasia 
and usually mean that renal function in the affected segment is not recov
erable even after decompression. 

t FIGURE 4-14. Ultrasound of the bladder demonstrating an intraves
icle ureterocele. Unfortunately, despite prenatal imaging, a number of 
patients are still diagnosed after an episode of pyelonephritis. In these 
cases, a renal and bladder ultrasound is usually the first study ordered. The 
ureterocele appears as a cystic, echolucent mass within the bladder. 

t FIGURE 4-16. Duplex system with upper pole ureterocele. This intra
venous pyelogram reveals a right duplex kidney with a nonopacified upper 
pole ureter draining into a large ureterocele. The lower pole pelvis is later
ally displaced by the dilated upper ureter. Intravenous urography still plays 
an important role in the imaging of ureteroccles. In the initial postinjec
tion views, a filling defect in the bladder, sometimes occupying most of the 
bladder, is evident as a radiolucent mass surrounded by faint contrast. In 
later views, the ureterocele, if small, may be obscured by the contrast that 
fills rhe bladder. If the upper pole function is poor, the lower pole pelvis 
and ureter will not opacify initially. With delayed imaging, the upper pole 
pelvis will be visible about 50% of the time. Rarely, an ipsilateral lower 
pole ureter and (less frequently) a controlateral ureter may be obstructed 
by the ureterocele. The controlateral kidney must be imaged carefully to 
identifY an occult duplication or lower pole reflux. Bilateral ureteroceles 
arc ti:mnd in about 1 0°;(, of cases. 
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t FIGURE 4-17. Voiding cystourethrogram (VCUG) showing high
volume bilateral vesicoureteral reflux in a patient with a right upper pole 
ureterocele. Contrast refluxes into the right lower pole ureter and into a 
single system on the left. The ureterocele is visible only at the beginning of 
bladder filling because intra vesicle contrast obscures the view of the urete
rocele as the bladder fills. Fifty percent of ipsilateral lower pole ureters 
reflux. The controlateral side refluxes about 25% of the time. 

t FIGURE 4-19. Prolapsed ureterocele. Rarely, a ureterocele may 
present in a female as a cystic mass that has prolapsed through the urethral 
meatus. This phenomenon may be caused by a large intravesical uretero
cele that protrudes through the bladder neck and urethra. In some cases, 
the ureterocele is compressed at the level of the bladder neck and may 
appear as a cyst inferolateral to the urethra. In other cases, the prolapsed 
portion is the urethral extension of a caecoureterocele that appears pink 
and nontense. A prolapsed ureterocele is the most common cause of 
urinary retention in girls and must be distinguished from other perineal 
masses such as rhabdomyosarcoma, hydrometrocolpos, and periurethral 
cysts. Rhabdomyosarcoma often has a grapelike appearance. In patients 
with hydrometrocolpos, the urethra is anterior to the protruding mass. 
Rarely, a prolapsed ureterocele requires emergency drainage when it results 
in acute urinary retention. In these cases, an in-office incision of the 
protruding mass is sufficient to relieve the obstruction. 

t FIGURE 4-18. Eversion of the ureterocele. By the end of the voiding 
phase of the cystourethrogram, the ureterocele flattens or may even evert, 
appearing as a diverticulum because of poor muscular backing offered 
within the bladder wall lateral to the ureterocele. The cystourethrogram 
shows also the coexistence of a vesicoureteric reflux into the ipsilateral 
lower pole ureter. 

Principles of Treating Patients with Ureteroceles 

Type of Approach 

Low 

High 

ombin d 

M ethods 

Ureterocelectomy and reimplantation 
of th ur t r 

Transur thral endoscopi inci ion of 
the uret r I 

Upper pol partial n phrectomy and 
partial ureter ctomy 

Upper pol to lower pol uretero
uret ro tomy or uretero-pyelostomy 

Upper pol n phre tomy and ur t ro
cele removal with or without lower 
ur teral reimplant in n or two 
stages 

t FIGURE 4-20. Principles of treating patients with ureteroceles. The 
goals in treating ureteroceles are to relieve obstruction, correct associated 
vesicoureteral reflux, and maintain urinary continence. Ureteroceles may 
have many anatomic variants, so treatment must be individualized. 

Combined upper and lower surgery for ureteroceles includes upper pole 
partial nephrectomy, excision of the ureterocele, reconstruction of the 
bladder neck, and reimplantation of the ipsilateral, and often the 
controlateral, ureter. This is an extensive operative procedure, particularly 
in infants. 
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t FIGURE 4-21. Upper pole partial nephrec
tomy. In 197 4 a "simplified" approach (A) was 
suggested [12] that consists of an upper pole 
partial nephrectomy, leaving in place the distal 
ureteral stump leading to the ureterocele. In most 
cases, no further surgery is needed. The uretero
cele commonly decompresses and does not need 
to be removed. This approach can be very effec
tive if vesicoureteral reflux (VUR) is not present. 
The surgical procedure is straightforward. First, 
the upper pole ureter is identified and dissected 
off the lower pole ureter with great care not to 
compromise the medial blood supply. The upper 
ureter is then detached from the renal vessels and 
lifted up in order to define the anatomy and the 
boundaries of the upper pole. Light traction on 
the upper pole ureter helps to identifY the vessels 
supplying the upper pole. In general, the incision 
into the renal parenchyma is made before rying 
off the vessels. In this way, the chance of inadver
tent ligation of a lower pole vessel is minimized. 
After the upper pole vessels are identified, they 
are tied with synthetic absorbable sutures (B). If 
there is any doubt about the area perfused by a 
vessel, the vessel should be left untied. The dissec
tion may then proceed with finger dissection 
along the base of the upper pole collecting 
system. Bleeding is minimal in this plane. If 
bleeding vessels are present within the 
parenchyma of the superior lower pole, they can 
be oversewn with fine chromic or polyglycolic 
acid suture. The renal capsule is incised approxi
mately 1.5 em above the proposed line of section 
of the parenchyma and detached from the renal 
tissue with the handle of the scalpel. The capsule 
is used later to cover the cut surface of the kidney. 
The upper pole is then removed using diathermy 
(C) . The capsule is then secured over the cut 
surface with a running suture (D). After removal 
of the upper pole and decompression of the 
ureterocele, the need for subsequent imravesical 
surgery (excision of the ureterocele with repair of 
VUR) varies from 10% to 50% [13]. Ipsilateral 
reflux resolves in 60% of cases. Controlateral 
reflux nearly always resolves [14 J. 



t FIGURE 4-22. Endoscopic puncture of a ureterocele. Endoscopic 
incision or puncture of the ureterocele is minimally invasive. Endoscopic 
decompression of the urinary tract has recently become very popular [15] 
because it can be easily performed with minimal morbidity on neonates 
with prenatally detected ureteroceles. The ureterocele is punctured using a 
wire electrode or a 3-F Bugbee electrode, with cutting current set high 
enough to ensure a clean incision. 

For intravesical ureteroceles (A), the puncture is made on the inferior 
wall of the ureterocele, near where the ureterocele meets the bladder wall. 
Ectopic ureteroceles (B) are punctured low in the lateral sulcus with the 
bladder wall, immediately superior to the bladder neck. It is important to 
be sure that the incision is superior to the bladder neck (1). An incision at 
or inferior to the bladder neck (2) fails to decompress the system because 
the internal sphincter compresses the ureterocele and prevents drainage of 
the ureter through the puncture site. 

The treatment of the intraurethral extension of the ureteroceles is still 
debated. Some pediatric urologists prefer to vertically incise the intrau
rethral tongue of the ureterocele, but others recommend a single puncture 

in the most dependent portion of the sac to avoid creating a valve flap that 
can obstruct urine outflow. We have had experience with both of these 
approaches and have also omitted puncturing the urethral extension of the 
ureterocele with equal results. We now believe that there is no compelling 
reason to make a second puncture or incision in the urethral portion of the 
ectopic ureterocele. 

In many cases, endoscopic treatment may be the only procedure neces
sary. In the Children's Hospital of Philadelphia experience [ 16, 17], endo
scopic incision has been the only treatment in 93% of intravesical uretero
celes and in 50% of ectopic ones. In our series, the upper moiety has 
regained its function in 96% and 50% of cases, respectively. After endo
scopic treatment, reflux in the ureterocele has developed in 32% of cases, 
most commonly in those with ectopic ureteroceles. 

We now believe that the surgical algorithm for the treatment of uretero
celes depends primarily on the patient's anatomy. Intravesicle ureteroceles 
appear to disrupt the trigonal and bladder neck function less extensively 
than do ectopic ureteroceles. Conversely, because of increased distortion of 
the bladder neck and trigone, patients with an ectopic ureterocele have a 
higher incidence of associated ipsilateral lower pole and controlateral 
reflux. As a result, patients with an ectopic ureterocele require reconstruc
tion of the bladder neck and trigone much more frequently than do those 
with an intravesicle ureterocele regardless of the initial surgery to decom
press the ureterocele. In our opinion, the need for secondary trigonal 
surgery depends on the anatomy of the ureterocele. We now treat all urete
roceles initially with endoscopic incision. If high-volume reflux occurs or 
persists after incision, we usually recommend ureteral reimplantation with 
excision of the ureterocele with bladder neck reconstruction, if necessary at 
about 18 months of age or sooner if urinary tract infection occurs despite 
antibiotic prophylaxis. We believe that the patients who would be effec
tively treated with upper pole nephrectomy alone are, in most cases, the 
same patients who would be effectively treated with incision alone
namely, those with intravesicle ureteroceles or ectopic ureteroceles with 
minimal trigonal distortion. 
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Ureteropelvic Junction 
Obstruction 
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Dev lopm ntal changes in the region of the ur teropelvic junction (U PJ) may 
result in hydron phrosis, which is frequently identified in th antenatal p riod. 

Hydronephrosis occurs in approximately one in 1000 fetuses and is the most 

common urinary abnormality seen in the newborn by the pediatric urologist 
[1 ). Fetal ultrasonography has had a gr at impact on the diagnosis and subse

quent management of hydronephrosis, especially that related to obstruction of 
the UPJ. Prior to fetal ultrasonography, ureteropelvic junction obstruction 
(UPJO) was most often identified in a child after evaluation revealed an 
abdominal mass, intermittent abdominal or flank pain and vomiting, or a 

urinary tract infection. Identification of the obstructed UPJ in a symptomatic 
child is relatively straightforward, with treatment resulting in improvement of 

the obstructive process and resolution of symptoms. 
In regions where fetal ultrasonography is routine, hydronephrosis is frequ ntly 

id ntified and asymptomatic neonates present to the pediatric urologist. It has 
become apparent that asymptomatic infants w ith hydronephrotic changes signifi

cantly outnumber symptomatic childr n seen prior to f tal ultrasonography. This 
finding has had a dramatic impact on current management of hydron phrosis. It 

is obvious now that many infants with fetal hydronephrosis never become symp

tomatic and may experience natural resolution of the abnormality. Although 
operative inteNention for hydronephrosis in the neonate has excellent results, 
surgery is unnecessary in most neonates with hydronephrosis. 

The UPJ is the most common site for obstructive uropathy in th urinary 
system. This finding may be due to an intrinsic abnormality of the renal p lvis 
and proximal ureter or extrinsic compression. 

Evaluation and management of hydronephrosis are more challenging in th 

asymptomatic neonate than in the symptomatic child. The goals of assessm nt 
are to determine the significance of the obstruction, identify any compromise 

of renal function, and provide a foundation for subsequent comparisons. 
Unfortunately, when assessing the significance of a UPJO, no imaging or func

tional study can be relied upon as the "gold standard." The objective in tr ating 
obstruction is to pres N and improve renal function and to avoid urinary tract 
infection and pain . 

When op rative inteN ntion is deemed appropriate, a variety of xpo ur s 
and techniques may prove valuable. Open operative repair continues to b th 

consensus approach to UPJO in a child. This procedure results in a small inci

sion, a limited hospitalization, mild postoperative discomfort, and a success 
rate greater than 95%. Alternative laparoscopic and p rcutaneou proc dur s 
are available for children but provide limited benefit over an op n approach. 

These alternative procedures are better suited to the adult population. 



Epidemiology 

f tal ultra onography 
75% of a diagno ed at > 1 y of age 

ympt mati (f v r, UTI, abdominal pain, abdominal mass) 
UPJO diagno d in 22% of patients with hydron phro i at 4 wk 
of age 

t FIGURE 5-1. Epidemiology. Prior to fetal ultrasonography, most 
children in whom ureteropelvic junction obstruction (UPJO} was diag
nosed were older than 1 year of age [2]. A UPJO was diagnosed in infants 
most often after evaluation for a urinary tract infection (UTI), fever, or 
unusual fussiness [3]. At 4 weeks of age, approximately 20% of children 
with hydronephrosis were found to have a UPJO. With the advent of fetal 
ultrasonography, the number of infants presenting with hydronephrosis 
has significantly increased. Approximately 40% of newborns with 
hydronephrosis are now noted to have a UPJO [1]. Only a small 
percentage of infants have any abnormal physical findings, and fewer than 
15% have a palpable abdominal mass [4]. Bilateral UPJO has been noted 
in approximately 20% of asymptomatic infants younger than 1 year of age 
[5]. Vesicoureteral reflux (VUR) coexists in 20% of asymptomatic infants 
[6], and for that reason all infants with a diagnosis of antenatal 
hydronephrosis should also undergo voiding cystourethrography. 

F tal ult ra nography valuation 
Hydronephrosis in 1 :1000 birth 

A ymptomati 
41% of cas s relat d to UPJO 
< 15% f p ti nts have abdominal mass 
Male:f mal ratio 2:1 
60% of UPJO a on I ft ide 
Bi lat ral UPJO in 20% of pati nts < 1 y of age, in 5% > 1 y of age 

o xi ling VUR in 15% of pa tient 

Acquired 
VUR 
Po lyps 
Ur lithia i 
Tumor 

Etiology 

el, 20% to 35% of a es 

t FIGURE 5-2. Etiology. Intrinsic narrowed segments may persist owing to a failure in recanaliza
tion of the metanephric cord during the 5th to 6th week of fetal development [7]. The ureteropelvic 
junction (UPJ) obstruction may appear grossly normal. Microscopic and electron microscopic exami
nation of the UPJ, however, shows a variable degree of disorganized muscle cells [2,8-12]. The 
normal spiral musculature is replaced by abnormal longitudinal muscles with an abundance of inter
cellular ground substance and increased collagen. In addition, smooth muscle dysplasia has been 
noted proximal to the obstructed segment. All of these features result in limited peristaltic activity, 
delayed emptying, and obstruction. True ureteral valves have been reported but rarely occur. 
Extrinsic compression due to a lower pole crossing vessel has been implicated in 20% to 30% of chil
dren with a ureteropelvic junction obstruction (UPJO) [5,13]. However, it is doubtful that a crossing 
vessel is the primary cause of obstruction. More likely, the crossing vessel is a contributing factor 
when an intrinsic UPJ abnormality already exists. Proximal ureteral folds (Ostling's folds}[ 14] can be 
seen in infants when intravenous urography is performed. Although these folds may cause some resis
tance, they rarely lead to obstruction [14]. 
A UPJ 0 may coexist with or result from vesicoureteral reflux (VUR) [ 6, 15]. High-grade VUR can 
cause proximal ureteral kinking and renal pelvic dilatation. It is important to determine whether 
these changes are primarily related to the VUR or to independent problems. Ureteral polyps are a rare 
cause of obstruction. Stone formation and tumors are more commonly seen in the adult population. 

t FIGURE 5-3. Lower pole crossing vessels. The solid arrow identifies lower pole vessels traveling 
anterior to the ureteropelvic junction (UP)} and proximal ureter. The open arrow identifies the UP). 
Renal arteries are end arteries, and therefore transection would result in loss of renal parenchyma. 
Appropriate treatment requires a dismembered pyeloplasty with excision of the UPJ and proximal 
ureter. A dependent ureteral pyelostomy is fashioned anterior to the lower pole vessel. 
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t FIGURE 5-5. Evaluation. Most children are 
first imaged by renal ultrasonography. Although 
ultrasonography cannot directly assess function 
and obstruction, several variables, when consid
ered in association, can be predictive of a 
ureteropelvic junction obstruction (UPJO). 
These variables include increased echogenicity of 

t FIGURE 5-4. Stenotic ureteropelvic junc
tion obstruction (UPJO). A, The solid arrows 
indicate a stenotic UPJO. The long arrows iden
tifY a large extrarenal pelvis. The open arrows 
show the medial border of the renal 
parenchyma. This segmental stenosis of the 
ureteropelvic junction resulted in significant 
enlargement of the renal pelvis, with preserva
tion of the renal parenchyma. B, The open 
arrows indicate pelvic reduction with midline 
closure. The solid arrows show sutures from a 
spatulated dismembered pyeloplasty. 

the renal parenchyma, contralateral hypertrophy, a decreased rim of parenchyma of less than 5 mm, 
and a resistive index ratio of greater than 1:1 [ 16]. 

Nuclear renal scintigraphy remains the most reliable imaging study in the assessment of a UPJO, 
but it is not definitive. When determining the significance of hydronephrosis, several parameters are 
calculated, including the differential uptake of activity between the two kidneys, the time to peak 
activity, excretion, and the half-time for drainage of the renal pelvis. No one particular feature of the 
renal scan indicates obstruction. There are multiple pitfalls when using nuclear scintigraphy, and for 
that reason, standardized protocols have been established to eliminate as many variables as 
possible [3]. 

Upper urinary tract urodynamic evaluation combining fluoroscopic assessment of the uretero
pelvic junction and pressure manometry has been helpful in selected cases to further delineate the 
UPJO. The Whitaker study is performed by infusing the testing medium into the renal pelvis at a 
constant rate. The change in pressure is recorded as the renal pelvis fills and drains [ 17 -19]. The 
pressure perfusion study is an alternative to constant infusion [20 ]. In this study, a preselected filling 
pressure is used to fill the renal pelvis, and the change in renal pelvic pressure is determined as the 
pelvis fills and drains. This technique eliminates the infusion rate as a variable. 

Vesicoureteral reflux (VUR) occurs in approximately 20% of children [ 6, 15] with a UPJO. It is 
important to determine whether a true UPJO exists or whether hydronephrosis is due to significant 
tortuosity and dilatation of the ureter and renal pelvis. The difference in the density of contrast 
between the renal pelvis and the ureter can help in defining a true obstruction. When an obstruction 
exists, the renal pelvis is usually much less dense than the ureter because refluxed contrast is mixed 
with retained urine. When a dilated renal pelvis is secondary to VUR, rhe contrast density in the 
pelvis and in the ureter is similar. Delayed images show poor drainage with true obstruction. 

Both ultrasonography and renal scintigraphy are helpful in postoperative assessment. If imaging 
studies are obtained within 4 weeks of the repair, it is not unusual to see either no apparent change 
or a small increase in hydronephrosis. This finding can be due to operative edema at the site of the 
anastomosis. It may take several months for improvement to be visible on renal ultrasonography. 
99mTc DTPA-99mTc diethylene triamine penta-acetic acid; 99mTc MAG3-99mTc mercap
toacetyl triglycine. 
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t FIGURE 5-6. Antenatal right hydronephrosis in a newborn. A, Renal 
ultrasonogram at birth shows pyelocaliectasis with minimal thinning of 
the parenchyma at the poles. B, Tapering of the pelvis at the level of the 
ureteropelvic junction. No distal ureter was identified. C, Follow-up at 18 
months of age showing significant improvement in pyelocaliectasis. The 
renal pelvis is no longer visualized. D, Initial 99mT c mercaptoacetyl
triglycine (99mTc MAG3) renal scan at 1 mo1,1th of age showing "super" 
function of the right (Rt) kidney, with a slight delay in peak activity on the 
right and a half-time greater than 20 minutes. This child was followed-up 
without operative intervention, which has resulted in preservation of renal 
parenchyma and improvement in hydronephrosis. LONG-longitudinal; 
Lt-left. 
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t FIGURE 5-7. Antenatal massive bilateral 
hydronephrosis in a newborn. On physical exami
nation, bilateral flank masses were palpated. 
A, Renal ultrasonogram showing renal parenchyma 
with large extrarenal pelvis. The arrows show the 
extent of parenchymal tissue. B, Large left (Lt) 
extrarenal pelvis. C, Right (Rt) renal system 
showing dilated extrarenal pelvis. The arrows indi
cate renal tissue. D, Massive dilatation of the right 
renal pelvis. E, 99mT c mercaptoacetyl triglycine 
('!'!mT c MAG3) renal scan showing relatively 
equal function with no established peak activity 
and no excretion or apparent drainage after 
administration of furosemide (Lasix; Hoechst
Roussel Pharmaceuticals, Somerville, N J). 
LONG-longitudinal; TRANS-transverse. 
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.. FIGURE 5-8. Treatment. Children 
presenting with symptoms such as abdominal 
pain, intermittent nausea and vomiting, and 
urinary tract infections (UTis) benefit from 
operative intervention. It is not unusual to see an 
adolescent who has had a gastrointestinal 
workup for intermittent abdominal pain, nausea, 
and vomiting (Dietl's crisis). Often the results of 
imaging studies are normal when the child is 

asymptomatic. It may be necessary to obtain imaging studies when the child is experiencing colicky 
pain. The finding of renal pelvic stones coexisting with a ureteropelvic junction obstruction (UPJO) 
requires intervention to remove the stones and correct the obstruction. Pelvic stones are not simply a 
result of a UPJO and can recur postoperatively in a decompressed system [21]. It is a challenge to 
determine when operative intervention is required for the asymptomatic infant. The child's health, 
findings on the physical examination, and results of imaging studies play a combined role in deter
mining when correction is to be undertaken. Children with hydronephrosis are candidates for repair 
if progressive renal pelvic dilatation is noted on ultrasonography and is associated with a decrease in 
renal function calculated by nuclear imaging. Any specific expression of abdominal discomfort or the 
occurrence of a UTI is also an indication for intervention. 
The most common technique for repair of the UPJO is the Anderson-Hynes dismembered pyelo
plasry, with excision of the ureteropelvic junction (UPJ) and proximal ureter [22]. The ureter is then 
spatulated laterally and secured to the renal pelvis. It is important to preserve the blood supply to the 
proximal portion of the ureter. Key points in the repair are to provide a dependent UPJ without 
twisting or applying tension to the ureter. Both percutaneous and retrograde endoscopic procedures 
for the repair of a UPJO have been reported in children but at the present time offer only marginal 
benefits over an open technique [23]. 
The anterior subcostal and flank approaches to the kidney for repairing a UPJO are the most 
common [24]. Both offer excellent access to the UPJ and renal pelvis, with adequate mobility of the 
kidney. Recently, the dorsal approach has gained in popularity, particularly for infants [24]. The 
dorsal approach offers excellent exposure of the renal pelvis but provides limited mobility of the 
kidney. Concern regarding the presence of a crossing vessel may deter some surgeons from this 
approach, but the presence of such a vessel is not a contraindication. The dorsal approach can be 
advantageous when doing bilateral repairs. Retrograde ureteropyelography prior to a repair can rule 
out a potential second distal ureteral obstruction. It is also helpful in detecting a crossing vessel. 
The postoperative hospitalization of children undergoing a procedure done with open technique is 
limited, with many children discharged on the morning of the 1st postoperative day [25]. The 
limited use of a nephrostomy tube or stent has allowed for an earlier discharge. A nephrostomy tube 
and ureteral stent are not required in every case and may be a disadvantage in a young child or an 
infant. A nephrostomy tube and stent should be considered in the setting of chronic infection or 
significant operative edema and in older children. Postoperative recovery is usually uneventful with a 
less than 3% complication rate and a 97% success rate in our series of 115 children undergoing 
repair [25]. 

.. FIGURE 5-9. Findings in a 6-year-old child undergoing evaluation for 
intermittent nausea and vomiting and abdominal pain. A, Renal ultra
sonogram showing marked pyelocaliectasis and thinned renal parenchyma. 

(Continued on next page) 
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t FIGURE 5-9. (Continued) B, Renal scan 
obtained at the time of pain showing minimal 
drainage of the right (Rt) system. C, Post
operative imaging showing improved drainage of 
the right system. D, Retrograde ureteropyelo
gram obtained at the time of the repair. The 
arrow indicates lateral horizontal kinking of the 
ureter secondary to a crossing vessel. L-left; 
SAG-sagittal. 
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t FIGURE 5-10. The classic Anderson-Hynes dismembered pyeloplasry. 
A, Excision of the redundant renal pelvis and proximal ureter. B, Long 
lateral spatulation of the ureter. When mobilizing the ureter, care should 
be taken to prevent devascularization. C, Ureteropyelostomy placing the 
ureteropelvic junction in a dependent location, which prevents tension or 
torsion of the ureter. The remaining renal pelvis is simply closed. 
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t FIGURE 5-11. Prone positioning for a dorsal approach. Bolsters are 
placed under the thorax and pelvis, which straightens the spine and drops 
the peritoneal contents to a dependent location. The incision for a pyelo
plasry is placed within Langer's lines, one third of the distance between the 
12th rib and the crest of the iliac spine. The medial limit of the incision 
begins over the middle of the sacrospinalis muscle and is continued 
approximately 3.5 em laterally. The 12th subcostal nerve may be encoun
tered superficially while achieving the exposure. The iliohypogastric and 
ilioinguinal nerves are noted deep and should be avoided when opening 
the anterior lamella of the lumbodorsal fascia. 

t FIGURE 5-12. The fascial and muscle layers encountered in a dorsal 
approach. After a skin incision is made, the plane between the subcuta
neous tissue and posterior lamella of the lumbodorsal fascia is developed, 
creating superior and inferior skin flaps. The posterior lamella is opened 
parallel to the sacrospinalis muscle from the 12th rib to the posterior iliac 
spine. The sacrospinalis is next mobilized medially to identifY the medial 
lamella of the lumbodorsal fascia, which is opened in a similar fashion to 
expose the quadratus lumborum muscle. This is then mobilized medially 
to identifY the anterior lamella of the lumbodorsal fascia. An incision is 
made here between the iliohypogastric and ilioinguinal nerves. Gerota's 
fascia is opened, and the lower portion of the kidney and the renal pelvis 
are easily approached. (Adapted from Liu eta/. [25].) 
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Hypospadias 

Laurence 5. Baskin 

6 
Hypospadias remains one of the f w p diatric urologic anomalies sol ly 
treated by surgical re onstruction. Th number of published repair te h

niques must be unmatched for this common ongenital anomaly. The term 

hypospadias is derived from the Greek word spadon and ref rs to a vent on 

the ventral surface of the penis. Hypo padias results from incomplet d v 1-
opment of the anterior urethra. The abnormal urethral opening may b 
anywhere along the shaft of the penis, along the scrotum, or even in th 
perineum (see Fig. 6-1 ). Hypospadias is associat d with penile curvature, 

depending on the severity of the anomaly. 
The goal of hypospadias surgery is to orre t the p nil curvature, to 

r position the meatus to allow for intercourse and prop r d livery of semen, 
and to reconstruct a forward-directed stream. Each hypospadia p nis is 

different; therefore, one operation will not solv all the reconstructiv prob
lems. When planning hypospadias surgery, th issu s to consider are recon
stru tion of a new urethra, correction of p nile urvatur , cr ation of a new 
m atus, skin coverage, and finally corr tion f any p nile scrotal transposi

tion or bifid scrotum. These issues must b assess d prior to surgery, but 
flexibility needs to be maintained becaus th quality of the hypospadiac 
urethra may b difficult to evaluate until the patient is und r an sth ia. An 

anterior hypospadias may ther fore turn into a proximal hypospadias, sp -
cially after the correction of penile urvature and resection of abortive or 

inad quat urethral tissue. A surgeon's approa h to hypospadias depends 
on his or her p rsonal preference, skill, and exp ri n . Th father of 
modern hypospadias surgery, Dr. John W. Du kett, coined the term 
hypospadiology, building his knowledge and t hnique n an extensive 
familiarity with the work of those who have come before him. My approach 

is to divide hypospadias into two categories: 1) penises that requir a vascu
lariz d flap procedure (posterior) and 2) those that can be managed with a 

meatus-based procedure (anterior). 
Th treatment of anterior hypospadias depends on th ultural pr ference 

of th hild's family. Many patients with anterior hypospadia d n 1 have a 
fun tional defect, are without significant penile curvature, and w ill be able 
to stand and void with a straight stream. Therefore, the goal of placing the 
meatus in its normal position within the glans is essentially osm ti . The 

outcome needs to be as lo to p rfect as possible. At present, it is tan

dard to p rform the surgery on an outpatient basis, typi ally without the 

need for ur thral stents. Because the surgery is ele tiv , the optimum time 
as r omm nd d by the American Academy of P diatri Con nsus Panel 

on genital surg ry is betw n 6 months and 18 months of ag Ill. Th te h-



nique chosen depends on the anatomy of the hypospadiac penis. 

The most common accepted procedures are the meatal advance

ment glansplasty (MAGPI), the glans approximation procedure 

(GAP), the pyramid procedure, the Mathieu or flip-flap procedure, 

and the tubularized incised plate urethroplasty [2-5]. 

The most feared complication of hypospadias surgery is meatal 

stenosis, which may be accompanied by fistula and proximal 

urethral diverticulum. Extreme care should be taken to create a 

glandular urethra of adequate caliber by satisfactorily forming the 

glans wings and performing a tension-free glansplasty. Simple 

fistulae after hypospadias, on the other hand, that are not accom

panied by distal obstruction are easily repaired as an outpatient 

procedure with a 90% success rate. Although the presence of a 

fistula is initially upsetting to the family and surgeon, a well

performed hypospadias repair with a resulting fistula that is subse-

quently fixed has an excellent chance of long-term success 

without the need of further surgery. 

Long-term follow-up of patients with hypospadias is difficult to assess 

because procedures have changed and techniques have improved [6]. It 

is clear, however, that the surgeon's assessment of hypospadias outcome 

is decidedly different from the patient's assessment [7]. Therefore, all 

patients should be followed-up into adolescence and offered the option 

of further cosmetic correction if they are not satisfied. 

In summary, the patient with hypospadias has an excellent 

chance of normal sexual function, normal voiding, and acceptable 

cosmetic results with our present management techniques. The 

surgeon treating patients with hypospadias should have a clear 

understanding of penile anatomy and be well versed in multiple 

reconstructive procedures. Optimum results will be achieved by 

those who continue the study of "hypospadiology." 

CLASSIFICATION 

Midshaft 

Proximal penile 

Scrotal 

Perineal 

Anterior (50%) 

Middl (30%) 

Posterior (20%) 

t FIGURE 6-1. Classification of hypospadias. Classification is based on 
the location of the urethral meatus after release of penile curvature. Fifty 
percent of patients will have anterior hypospadias, subclassified as either 
glandular or subcoronal; 20% will have midshaft hypospadias, classified as 
distal penile shaft, midpenile shaft, or proximal penile shaft; and the 
remaining 30% of patients will have posterior hypospadias, classified as 
penoscrotal, scrotal, or perineal hypospadias. (Adapted from Baskin and 
Duckett [8].) 
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INCIDENCE AND ASSOCIATED ANOMALIES 

t FIGURE 6-2. Ultrasonographic image of hypospadias. Hypospadias 
occurs in 0.3% of healthy male newborns [9]. Urinary tract anomalies are 
infrequent in patients with hypospadias because the external genitalia are 
formed much later than the supravesical portion of the urinary tract. 
Undescended testes and inguinal hernias are the most common associated 
conditions, occurring in slightly fewer than IOo/o of patients. An enlarged 
utriculus masculinus (utricle) is also found in patients with hypospadias, 
but typically in those who have either scrotal or perineal openings. A 
utricle is significant only if it causes difficulty in catheterization at the time 

of surgery. Patients with isolated anterior hypospadias and no other 
congenital anomalies detected on physical examination, such as a cardiac 
murmur or symptoms of pyloric stenosis, do not need further evaluation 
of their urinary tract. Patients with posterior hypospadias, however, or an 
associated nonpalpable testis should have a karyotype obtained to assess 
the possibility of intersex, the most common type being mixed 
gonadal dysgenesis. 

The diagnosis of hypospadias is typically straightforward at the time of 
birth. Classic findings are the abnormal position of the urethral meatus and 
the dorsal hooded foreskin, which results from incomplete fusion of the 
foreskin secondary to the absence of the urethral spongiosum. An accurate 
diagnosis of hypospadias is critical; circumcision is certainly contraindicated 
in these patients because the foreskin will be needed for subsequem recon
struction. Typically, a dimple is present at the glans penis, which represents 
an attempt at ectodermal intrusion or distal formation of the urethra. This 
dimple ends blindly and should nor be confused with urethral duplication. 
Recently, with the advent of more sophisticated ultrasonography and 
higher-quality equipment, hypospadias has been diagnosed in utero [ 1 0]. 
The classic finding at the time of prenatal fetal ultrasonography is a wide 
distal end of the penis, which correlates with the excess dorsal prepuce. 

This prenatal fetalultrasonographic image at 31 weeks of gestation 
reveals a wide distal end of the penis (arrows), which represents the 
abnormal dorsal hooded prepuce, consistent with the diagnosis of 
hypospadias. B-fetal bladder; S-scrotum. (From Duckett and Baskin 
[9]; with permission.) 

NORMAL ANATOMY AND EMBRYOLOGY 

t FIGURE 6-3. Neurovascular anatomy of the normal human penis. 
Surgical repair of hypospadias requires an expert understanding of the 
anatomy of the normal penis as well as the hypospadiac penis. The human 

penis consists of paired corpora cavernosa covered by a thick, elastic tunica 
albuginea, with a midline septum [11]. The urethral spongiosum lies in a 
ventral position, intimately engaged between the two corporal bodies. 
Buck's fascia surrounds the corpora cavernosa and splits to contain the 
corpus spongiosum in a separate compartment. Recent work has shown 
that the neurovascular bundle lies deep to Buck's fascia and where the two 
crural bodies join to form the corporal bodies, the neurovascular bundle 
completely fans out around the corpora cavernosa, all the way to the junc
tion of the corpus spongiosum (see l~igs. 6-3 and 6-4) [ 12]. This concept is 
in contradistinction to the classic belief that the neurovascular bundle lies 
in the 11 and l o'clock positions. Superior to Buck's fascia is the dartos 
fascia, which lies immediately beneath the skin. This fascia contains the 
blood supply to the prepuce. The prepuce is supplied by two branches of 
the inferior external pudendal arteries, the superficial penile aneries [ 13]. 
These arteries divide into the anterolateral and posterolateral branches. 
The island flap is typically based on the anterolateral superficial vessels. 
The onlay island flap and tubularized island flap are dependent on careful 
preservation of these blood vessels. In hypospadias surgery, the outer skin 
survives from remaining subcutaneous vessels. 
A, Top left, Transverse section. Top right, Distal penile shaft. Bottom left, 
Midpenile shaft. Bottom right, Proximal penile shaft. Note the localiza
tion of S-1 00 nerve marker completely surrounding the cavernous bodies 
up to the junction with the urethral spongiosum along the penile shaft, 
except at the 12 o'clock position. 

(Continued on next page) 
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t FIGURE 6-3. (Continued) B, On the proximal penis at the point 
where the corporal bodies split into two and continue in a lateral fashion infe
rior and adjacent to the pubic rami, the nerves localize to an imaginary trian
gular area at the 11 and 1 o'clock positions. At this point (top left), the nerves 
reach their farthest vertical distance from the corporal body (approximately 
one half the diameter of the corporal body) and continue {top right and 
bottom) in a gradually tighter formation at the 11 and 1 o'clock positions well 
away from the urethra. (From Baskin et al. [14]; with permission.) 

t FIGURE 6-4. (See Color Plate) Three-dimensional computer recon
struction of a normal human fetal penis at 25 weeks of gestation. Top left, 
Side view. Top right, Front view. Middle left, Side view. Middle right, 
Back view. Lower left, Front view without the urethra. Lower right, Side 
view without the urethra. The nerves are represented in red. Note their 
absence in the 12 o'clock position and the extensive distribution around 
the corporal cavernosal bodies to the junction of the urethral spongiosum. 
The tunica is represented in blue; the urethral lumen in yellow; and the 
urethral spongiosum and prepuce in green. The three-dimensional recon
struction was created by serial sectioning of a human fetal penile specimen. 
Immunohistochemical staining was performed using S-1 00, a nonspecific 
neuronal marker, with reconstruction accomplished with Adobe 
PhotoShop image enhancement and the NIH Image program. (From 
Baskin et al. [14]; with permission.) 

NEUROVASCULAR ANATOMY 

t FIGURE 6-5. Anatomy of the hypospadiac and normal penis. The anatomy of the normal penis 
can be compared with that of the hypospadiac penis [14]. Except at the region of the abnormal 
urethral spongiosum and glans, hypospadiac and normal penises show no difference in neuronal 
innervation, in architecture of the corpora cavernosa and tunica albuginea, and in blood supply. The 
nerves in both normal and hypospadiac penises start as two well-defined bundles superior and 
slightly lateral to the urethra. As the two crural bodies converge into the corporal cavernosal bodies, 
the nerves diverge, spreading around the cavernosal bodies up to the junction with the urethral spon
giosum, not limiting themselves to the 11 and l o'clock positions. The 12 o'clock position in the 
hypospadiac penis is spared of any neuronal structures, as in a normal penis. The most striking 
difference between the normal penis and the hypospadiac penis is that of vascularity. The hypospa
diac penis has huge endothelium-lined vascular channels filled with erythrocytes. In contrast, the 
normal penis has well-defined, small capillaries around the urethra, fanning into the glans. The 
vascularity under the urethral plate is also quite extensive in the hypospadiac penis, and the nerve 
distribution in the abnormal glans is less extensive when compared with that in the normal penis. 
In this figure, note that the hypospadiac penis has huge endothelium-lined vascular channels filled 
with erythrocytes {top left) compared with the normal penis, which has well-defined small capillaries 
around the urethra and fanning into the glans {top right). The nerve distribution in the abnormal 
glans is also less extensive (bottom left and bottom right). (From Baskin et al. [ 14]; with permission.) 
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• FIGURE 6-6. (See Color Plate) Three-dimensional computer 
reconstruction ofhypospadiac penis at 33 weeks of gestation. Note the 
nerves in light blue and their absence at the 12 o'clock position, as in the 
normal penis. The tunica of the corporal bodies is represented in yellow 
and the urethral spongiosum in green. The hypospadiac penis has the same 
innervation and anatomy as the normal penis except for the abnormal 
urethral spongiosum. 

TREATMENT 

• FIGURE 6-7. Meatal advancement glansplasty (MAGPI) hypospadias 
technique. The MAGPI technique was devised by Duckett [2] in 1981. 
This technique will provide outstanding results if patient selection is 
appropriate. The hypospadiac penis that is amenable to the MAG PI is 
characterized by a dorsal web of tissue within the glans that deflects the 
urine from either a coronal or a slightly subcoronal meatus. Once the 
patient is anesthetized, the urethra itself must be shown to have a normal 
ventral wall, without any thin or atretic urethral spongiosum. The urethra 
also must be mobile so that it can be advanced into the glans. 

A, The initial maneuver of the circumferential subcoronal incision. 
B, The Heineke-Mikulicz closure of the dorsal meatus after excision of the 
dorsal web skin bridge. C, The most critical step, which is exposure of the 
glans mesenchyme by trimming excess skin, illustrated by the dashed lines 
in the figure, and advancing the mobile urethra with the usc of a 6-0 
chromic suture or, as shown here, a skin hook. D, A two-layer closure of 
the glans mesenchyme over the advanced urethra, allowing for a normal
appearing glans with excellent support of the urethra. E, Skin closure with 
a sleeve approximation of the penile shaft skin. When a ventral skin defi
ciency is present, a Byers flap skin rearrangement with a standard midline 
seam is appropriate. 

(Continued on next page) 
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• FIGURE 6-7. (Continued) 
F, Preoperative view of anterior hypospadias 
amenable to the MAGPI procedure. Note the 
dorsal web of tissue in the forceps. G, Post
operative result of the MAG PI procedure. (Parts 
A through E adapted .from Hinman [ 15].) 

• FIGURE 6-8. Glans approximation procedure (GAP) hypospadias 
technique. The GAP is applicable in a small subset of patients with ante
rior hypospadias who have a wide and deep glandular groove [3]. These 
patients do not have a bridge of glandular tissue that typically deflects the 
urinary stream, as seen in patients who would be more appropriately 
treated with the meatal advancement glansplasty procedure. In the GAP, 
the wide-mouth urethra is tubularized primarily over a stem. 

A, The initial incision. B, The exposure of the glans mesenchyme by 
deep epithelialization of tissue, which is critical for a two-layer glans closure, 
allowing for good support of the urethroplasty. C, Tubularization of the 
neourethra followed by glans closure. D, The completed repair. E, Anterior 
hypospadias with a patulous fish-mouth urethra amenable to the GAP. 
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t FIGURE 6-9. Pyramid procedure for repair of megameatus hypospa
dias. Another small subset of patients present with a unique form of anterior 
hypospadias in which the foreskin is intact and a megameatus exists under 
the normal foreskin [ 16]. Patients with a megameatus have a very wide glan
dular defect and no penile curvature (A). Calibration reveals that the meatus 
is 22- to 24-F in a newborn baby versus the normal caliber of 12 to 14 F. 
Often this anomaly is recognized only after circumcision. Correction, 

however, is the same as if the foreskin is intact in that the technique involves 
careful periurethral dissection (B), exposing the urethra as well as glans 

tissue, and then removing a wedge of the abnormally enlarged urethra and 

closing the exposed glans tissue over the newly closed neourethra (C). 
Technically, the nuance of this procedure involves careful dissection down 
the shaft and distal penis by way of a four-quadrant exposure; hence the 
name "pyramid technique." Tapering the urethra and burying it into the 
glans is similar to the technique used for epispadias. D, Anterior hypospa-

dias noticed after circumcision. Note the huge

caliber urethra classic for the megameatus and 
amenable to the pyramid procedure. (Parts A to 
C adapted from Duckett and Baskin [9]; part D 
from Duckett and Baskin [9]; with permission.) 

B 

c 

t FIGURE 6-10. Mathieu hypospadias technique. When the meatus is 
too proximal on the shaft to use a meatal advancement glansplasry proce
dure, or there is not a deep glandular groove appropriate for a glans approxi
mation procedure or in situ tubularization technique (see next section), the 

meatus is advanced onto the glans using the procedure described in 1932 by 
the French surgeon Mathieu [5]. This technique involves the use of a 
randomly based perimeatal skin flap, created in accordance with the 
intrinsic blood supply. To ensure viabiliry, the length-to-width ratio of the 
skin flap should not exceed 2: 1. The flap has also been used essentially as a 
free skin graft, with no attempt made to preserve any of the subcutaneous 
tissue, but a pedicle of foreskin is brought around as in a vascularized flap 
technique and is used as a recipient bed [17]. In designing the Mathieu 
repair, the ventral skin needs to be outlined so that it can be advanced to its 
new location on the glans. Newer modifications of the Mathieu procedure 
have involved a second layer as a subcutaneous pedicle. 

A, Distal hypospadias with schematic outline prepared for Mathieu 
flap. B, Mobilization of glans wings and urethroplasty. C, Completion of 
urethroplasty, glansplasry closure, and preparation for skin closure. Note 
that because the ventral skin is sacrificed for the urethra, a Byers flap skin 
rearrangement technique with a midline suture will be necessary. (Adapted 
from Hinman [15].) 
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t FIGURE 6-11. Tubularized incised plate urethroplasty. Historically, if 
the urethral groove was not wide enough for tubularization in situ, as in 
the glans approximation procedure or Thiersch-Duplay procedure [18, 19], 
then an alternative approach such as the Mathieu procedure or, for more 
severe hypospadias, a vascularized pedicle flap procedure was performed. 
A more recent concept of incision in the urethral plate with subsequent 
tubularization and secondary healing was introduced by Snodgrass [ 4]. 
Short-term results have been excellent, and this procedure has extensive 
popularity [20]. One appealing aspect is the slitlike meatus that is created 
with the dorsal midline incision. More recently, this technique has been 
applied to posterior forms of hypospadias. Theoretically, there is a possi
bility of meatal stenosis from scarring as occurs in patients with urethral 
stricture disease, in whom direct-vision internal urethrotomy often leads to 
recurrent stricture. In hypospadias, the native virgin tissue with excellent 
blood supply and large vascular sinuses [ 14] appears to respond to primary 
incision and secondary healing without scar. 
A, The deep incision in the urethral plate down to corporal tissue. 
B, 1ubularization of the neourethra, with subsequent glansplasty. 

t FIGURE 6-12. Urethral plate and penile curvature. Duckett has popularized the concept of 
preserving the urethral plate, which is now standard practice for posterior as well as more severe ante
rior hypospadias surgery [21 ,22]. The urethral plate serves as the dorsal urethral wall, and the ventral 
urethra is created by a vascular onlay flap of tissue from the inner prepuce. Extensive experience has 
shown that the urethral plate is rarely the cause of penile curvature. This knowledge was obtained by 
repetitive resection of the urethral plate with subsequent repeat artificial erections showing no gain in 
correction of penile curvature [23]. Further efforts and experience showed that the urethral plate 
appeared to be supple and that ancillary penile-strengthening procedures with preservation of the 

urethral plate led to decreased complications, 
such as fistula and stenosis at the proximal anas
tomosis [21]. The concept of preserving the 
urethral plate, yet undermining the plate, 
exposing the corporal bodies with the idea that 
chordee tissue could be released, has not held 
true. In fact, careful anatomic studies have 
shown an extensive network of blood vessels 
supplying the urethral plate in the hypospadiac 
penis, and lifting of the urethral plate defeats the 
purpose of preservation by destroying this intri
cate blood supply [12,14]. The technique of 
mobilizing the urethral plate should be aban
doned. Historically, posterior hypospadias was 
approached by complete resection of the 
abnormal urethra and all tissue down to normal 
corporal bodies. The urethra was replaced by a 
tubularized vascular preputial flap, from either 
the inner prepuce or the outer prepuce [24,25]. 
Currently, in the majority of cases of posterior 
hypospadias, including perineal hypospadias, the 
urethral plate can be preserved and a vascularized 
flap used in an onlay fashion. In the rare situa
tion in which the urethra is so abnormal that it 
should be discarded, the tubularized flap can 
bridge a long gap or a two-stage technique can 
be employed [26]. 

A, Penile curvature with preservation of the 
urethral plate. B, Resection of the urethral plate 
with continued severe curvature. 

(Continued on next page) 

IV. Pediatric Urology 

64 



t FIGURE 6-12. (Continued) C, Penile cnrvature with preservation of 
the urethral plate. D, Resection of the urethral plate with continued severe 
curvature. Extensive experience as illustrated by these examples has shown 
that the urethral plate is rarely the cause of penile curvature. This know-

ledge was obtained by repetitive resection of the urethral plate with subse
quent repeat artificial erections showing no gain in correction of penile 
curvature despite extensive "chordee" resection. 

E 

t FIGURE 6-13. Onlay island flap hypospadias repair. All cases of posterior hypospadias, 
including those with and without penile curvature, are approached initially by leaving the urethral 
plate intact. The onlay island flap repair can be applied to penile shaft as well as scrotal and perineal 
hypospadias. The intact dorsal plate essentially avoids complications of proximal stricture, and the 
excellent blood supply has decreased the fistula rate to approximately 5% to 10% for all cases of 
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onlay island flap hypospadias repair [ 21]. For 
shorter repairs, the flap may be dissected from 
one half of the prepuce, as described by Rushton 
and Belman [27], leaving the remaining half of 
the foreskin available for a second layer of 
coverage. Long-term results with the onlay 
island flap have been highly durable [6,9,21,22]. 
For very severe hypospadias, the prepuce can be 
designed in a horseshoe style ro bridge extensive 
gaps (see parts Hand I) [22]. 
A, AU-shaped incision is made around the 
urethral plate, preserving a dorsal urethral strip 
approximately 8-mm wide. B, Take-down of the 
skin and subcutaneous tissue, as well as 
outlining of the inner prepuce for the onlay 
island flap. The glans wings are mobilized along 
the plane of the corporal body and the glans 
mesenchyme. C, Preservation of the urethral 
plate with penile curvature in a case of peno
scrotal hypospadias. D, The split prepuce in situ 
technique for dissection of a short vascularized 
onlay island flap. This method is useful for 
shorter on lays, leaving the remaining half of the 
foreskin available for a second layer of coverage. 
E, Suturing of the onlay flap with running 7-0 
suture to the urethral plate. The flap is trimmed 
to obtain a 12-F caliber bougie in a child of 1 
year of age, to prevent the complication of 
urethral diverticulum, which results from 
leaving excess tissue. The glans wings are 
approximated over the new urethra after 
maturing the meatus, and then the skin is closed 
by a classic Byers flap skin rearrangement. 

(Continued on next page) 
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t FIGURE 6-13. (Continued) F, Penoscrotal 
hypospadias amenable to the onlay island flap 
technique. G, Preservation of the urethral plate 
and flap dissection. H, Completed repair. I, 
Perineal hypospadias. J, Horseshoe vascularized 
onlay island flap to bridge a long urethral deficit. 
(Parts A through E adapted .from Baskin and 
Duckett [6].) 



F 

t FIGURE 6-14. Transverse preputial island flap with 
glans channel hypospadias repair. The transverse tubularized 
island flap technique was extensively used prior to the 
concept of preserving the- urethral plate. It is still successful 
for severe cases when the urethral plate needs to be resected. 
Technical nuances involve an oblique proximal anastomosis 
with interrupted sutures to avoid stenosis, fixation of the 
neourethra to the corporal bodies to prevent diverticulum 
and improve ease of catheterization, and a wide glans 
channel made under the glans cap against the corporal 
bodies to avoid meatal stenosis. 

A, Release of penile curvature by surgical release of the 
skin and dartos fascia and ancillary straightening procedures 
as needed. B, The transverse island flap is designed. C, 
Development of the island flap by dissecting subcutaneous 

E 

G 

tissue from dorsal penile skin. 0, The transverse preputial 
island flap is developed and tubularized to 12 F, which is 
monitored by a bougie a boule. The distal edges of the tube 
are sewn with interrupted sutures so that the edges can be 
trimmed to fashion the appropriate length. E, Rotation to 
the ventrum must avoid torsion of the shaft by freeing the 
base of the flap adequately. A proximal oblique anastomosis 
is made, fixing the urethroplasty to the tunica albuginea 
along its posterior anastomosis. A wide glans channel is 
made under the glans cap against the corporal bodies by 
removing glans tissue within the channel. F, The neourethra 
is tacked to the corporal bodies. G, Lateral transposition of 
Byers' flaps of dorsal penile skin to the midline and excision 
of the tips. A 6-F catheter is used as a stem for the repair. 
(Adaptedfrom Hinman [IS].) 
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t FIGURE 6-15. Tunica albuginea plication. Correction of penile curva
ture has also evolved along with the concept of preserving the urethral plate. 
Artificial erection, introduced by Gittes and McLaughlin in 1974, has 
provided the mechanism by which to check for penile curvature and for the 
immediate success of correction at the time of surgery. The standard tech
nique is to take all skin and subcutaneous tissue down to the penile scrotal 
junction, with preservation of the urethral plate. At this time artificial erec
tion will determine the need for ancillary straightening procedures. If after 
these maneuvers the penis remains curved, the classic technique of tunica 
albuginea plication can be used [28]. This technique can be applied in 
patients who have had the urethral plate preserved as well as in those who 
have had it resected. 

A, Penoscrotal hypospadias with penile curvature after surgical release of 
the skin and dartos fascia to the penoscrotal junction. Note preservation of 
the urethral plate. B, With the penis erect, Buck's fascia is elevated at the 
point of maximum curvature on either side of the midline at the 10 and 2 
o'clock positions to avoid damage to the neurovascular bundle. Parallel inci-

sions 4 to 6 mm apart and about 8 mm long are made through the tunica 
albuginea. The outer edges of the incisions are approximated with permanent 
sutures ( 5-0 polypropylene sutures in infants) in a way that buries the knot. 
C, The straightness of the penis is confirmed by repeat intraoperative artifi
cial erections. D, Midline dorsal plication technique for penile curvature. 
Based on more recent anatomic studies, we now advocate the midline dorsal 
plication. This procedure is performed by dissecting the skin and subcuta
neous tissue aggressively to the penile scrotal junction to release any tethering 
tissue responsible for curvature. Two 5-0 polypropylene sutures are placed at 
the point of maximum curvature. The sutures are placed directly in the 
midline through Buck's fascia and 1 to 2 mm into the corporal tissue so that 
the knot is buried. Repeat artificial erection confirms resolution of the curva
ture and in more severe cases, two parallel rows of plication sutures may be 
placed. If the penis remains curved after two rows of plication sutures, select 
an alternative approach, such as a ventral graft of dermis or synthetic mate
rial. After placing the sutures, loosely approximate Buck's fascia over the 
repair for additional coverage. (Adapted from Baskin and Duckett [28].) 

t FIGURE 6-16. Multiple parallel suture plication technique at the 12 
o' dock position for the correction of ventral penile curvature. This tech
nique has the theoretic advantage of not injuring any nerves or vessels. 

Although this technique has stood the test of time, recent anatomic 
studies question the concept of disturbing the tunica at the 10 and 2 
o'clock positions because of possible damage to the nerves [12,14]. A 
newer technique that involves plication sutures at the 12 o'clock position is 
now advocated, although long-term results in children are lacking. In this 
technique, parallel plication sutures are placed in the tunica albuginea in 
the 12 o'clock position, which is free of both nerves and vascular struc
tures. This technique causes a minimum amount of manipulation to the 
penis. If the curvature is severe, rows of parallel plications at the 12 o' dock 
position can be placed. I question the routine use of dermal grafts as well 
as tunica vaginalis patches because of the inherent damage caused to the 
neurovascular bundle and the aesthetic problem of violating the corporal 
bodies at an early age when growth potential and long-term complications 
are unknown. Ventral dermal grafting or the use of synthetic material is 
reserved for the most severe cases, typically in conjunction with a two
stage approach. 

IV. Pediatric Urology 

68 



I 

A 

REPEAT HYPOSPADIAS REPAIR 

FIGURE 6-17. 
Harvesting buccal mucosa for complicated hypospadias. For patients who 
have had multiple previous procedures, often the best option is to discard 
the abnormal urethra and replace the tissue with a vascularized pedicle 
graft, if skin is available, or in rare cases, a free graft. Buccal mucosa has 
enjoyed impressive success and is now the free graft material of choice 
when adjacent well-vascularized skin is not available [29]. From a graft 
biology viewpoint, buccal mucosa is an ideal graft material in comparison 
with both skin and bladder mucosal grafts. The epithelial layer of a buccal 
graft is four times thicker, and the relatively thin lamina propria allows 
efficient transfer of nutrients by diffusion (imbibition) from the recipient 
site to the new graft. The extensive vascularity in the lamina propria also 
allows new capillaries to grow into the graft (inosculation). At first, buccal 
mucosa was used in a tubular form as a complete urethral replacement. At 
present, however, the best results have been obtained with preservation of 
the urethral plate, using the buccal mucosa in an onlay fashion [29]. 

A, Harvesting of the buccal mucosa graft. The graft may be harvested 
from the inner cheek, with care taken to avoid Stensen's duct. The muscle 
of the inner cheek should be left in situ. B, Once the graft is harvested, the 
fat is removed. Then the graft can be sewn in place in either onlay or tube 
fashion. Buccal mucosa may also be harvested from the inner lip, and in 
extensive cases, grafts can be taken from both sides of the mouth. (Adapted 
from Baskin [30].) 
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Exstrophy and 

Michael E. Mitchell 
and Michael C. Carr 

7 
Epispadias 

Bladder exstrophy represents a deformation of the bladd r, ur thra, xternal 

enitalia, and pelvis with anterior displa ement of thes stru tur . Thi 
ondition wa believed to result from abnormal development of the cloacal 

m mbr n . W b · li v that th pathophysiology can best be explained by 
ventral herniation of th se structur s. Th timing of thi herniation then 
leads to the spectrum of deformations se n, whi h in lud loa al 

exstrophy, classic exstrophy, and epispadias. In its most severe form, I a al 
exstrophy repr sent an anterior herniation before the formation of the 

uror ctal septum so that bladder halv s are separat d by an inte tinal plat . 
Thi o curs before 7 weeks' gestation. Later herniation result in Ia i 

bladd r xstr phy or epispadias. 
Coni mporary manag m nt of cia i xstr phy ha involved a number 

of stage procedures, with the goals of surgery b ing 1) pr · rvation of renal 

function, 2) restoration of normal bladder function, 3) hi v m nt of 
urinary in ontinenc , and 4) restoration of normal external genitalia. 

J ff t a/. Ill hampion d this approach and demonstrated that a larg 
numb r of patients ould maintain good rena l function and achieve conti 
nen e. Th first stage involved lo ure of the abdominal wall, p lvis, and 
bladd r, with bilateral p lvi o t otomies being performed to fa ilitat 

Iasure. It has also b n demonstrat d that thi typ of lo ur ould be 

performed without iliac osteotomies on n wborns b aus of th pr nc 
of maternal relaxin. o attempt was made to correct vesi oureteral reflux, 
th ontin n m hanism, or pispadias in male patients. Fema le patients, 

though, had ompl te lo ur of th bladder and urethra and r storation of 
th litoris. The males w re in ontinent, but their kidneys were prot cted 
b au of the low-pressure egress of urine. The second operative stage 

on i t d of bladd r n k r nstruction and ureteroneo ystostomies using 
a crossed-trigonal technique 12,31. This r quir d th bladder to grow and 

develop in the interim, with a volume greater than 60 ml b ing n s ary 
b for attempting bladd r ne k re onstruction. The third stage involved the 

pi padia r pa ir a fav r d by the Cantweii-Ransley technique. 
M difi ation f th tag d r onstru tion were made as greater experience 

wa obtain d. Thu , pi padias r pair was ubsequently performed as the 
s and stag when th pati nt was to 5 year old. The idea was to further 

in rease urethral resistan e to promote th bladd r' gr wth. 
The planned multiple stage anatomi Iasure yielded a ontin n e rat 

of 60% to 2°/., with an average of 73% 141. This approach also I d to 
f w r ompli ati ns 1 th kidn ys, such as renal scarring or persistent 

I vation of rum cr atinin . 5 v ral urg ri s w r n cessary in the 



patient's first 5 to 7 years of life in order to accomplish these goals 

in the best of hands, with some patients suffering bladder dehis

cence that required reclosure of the bladder along with iliac 

osteotomies. Failed reconstruction of the bladder neck by the 

Young-Dees-Leadbetter technique necessitated revisions or 

bladder augmentation (or both) or techniques that would improve 

continence, but this reconstruction came at the expense of 

allowing volitional voiding (Kropp procedure) [5]. Multiple fail

ures would lead to complete abandonment of the bladder, neces

sitating continent diversion. 

Several recent developments have allowed us to reassess the 

notion of stage reconstruction. The first is a new technique for 

epispadias repair that involves complete disassembly of the phallic 

component parts into the urethral plate and the right and left hemi

corporal glandular bodies [6]. This penile disassembly facilitates 

tubularization and ventralization of the entire urethra, as the 

corporal bodies are rotated and positioned anteriorly. When 

combined with exstrophy closure, urethral continuity is main-

tained and correct positioning of the bladder neck and proximal 

urethra occurs posteriorly. 

The second area involves a better understanding of bladder 

growth and development. The exstrophic bladder is a defunction

alized bladder that has no ability to store urine. The growth and 

development of a newborn's bladder is mediated by its response to 

stretch. A bladder that does not cycle normally can only grow 

passively rather than achieve full potential because of the cycling 

process. An exstrophic bladder that has no continence after 

closure will grow only passively. The earlier the bladder is allowed 

to cycle normally, the greater the potential for it to grow and 

develop. That is why newborn female patients with exstrophy who 

underwent the closure procedure with the bladder neck and 

urethra moved to its correct posterior location tended to achieve 

successful continence and develop a normal bladder. The 

complete anatomic repair of a patient with exstrophy restores the 

anatomy and provides the greatest chance for normal bladder 

development, continence, and normal external genitalia. 

PRIMARY ANATOMIC REPAIR: MALE 

t FIGURE 7-1. Newborn male with bladder exstrophy. Newborns who 
are discovered to have bladder exstrophy are often admitted to the 
neonatal intensive care unit. The majority have normal pulmonary and 
renal function. A screening renal ultrasound confirms the presence of rwo 
normal kidneys. After initial assessment, it is helpful to cover the exposed 
bladder mucosa with a nonadherent covering such as Vigilon (CR Bard, 
Inc., Covington, GA). Plans can then be made for bladder closure on the 
first day of life. 
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t FIGURE 7-2. The anatomy of bladder exstrophy. An anterior hernia
tion of the entire bladder occurs. The bladder plate can be depressed into 
the pelvis to provide an assessment of bladder size. The prostatic utricle is 
identified just distal to the bladder neck region, and the urethral plate can 
be identified separate from the remainder of the penis. The glans is splayed 
out such that separate halves are seen. In addition, the "intersymphyseal 
ligament" (coalescence of pelvic diaphragm) is found beneath the bladder 
neck and prostatic urethra in male patients or the distal urethral plate and 
vagina in female patients. In order to successfully close the bladder, these 
structures need to be moved posteriorly. The "intersymphysealligament" 
beneath the bladder neck and prostatic urethra in male patients or the 
bladder neck in female patients must be incised. Furthermore, the 
complete penile disassembly used in epispadias repair facilitates this aggres
sive dissection at the prostatic urethra and bladder neck. 

Di e lion along 
plane of Buck's 
fa ia 

Mu o alline 
of closure 

Line of skin 
incision and 
closure 

./--- Umbi li us 
mobilized 
cephalad 

1------- Tra li n uture 
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t FIGURE 7-3. Repair for a newborn male patient with exstrophy. A 2-
0 silk suture is placed around the umbilical cord. Traction sutures of 5-0 
monocryl are placed transversely through each glans half. The urethral 
plate is marked with marking pen to facilitate the dissection. Feeding tubes 
are placed into each of the ureteral orifices and sutured into place. 

t FIGURE 7-4. Exstrophy repair continued. The urethral plate and 
bladder plate are circumscribed by using the Colorado-tip cautery. 
This gives very fine control for incising the tissue with limited thermal 
energy dispersion. The dissection is continued deeply until the 
peritoneum is identified. The umbilical cord structures are dissected and 
moved cephalad. 

Exstrophy and Epispadias 

73 



A 

t FIGURE 7-5. Exstrophy repair continued. A, The dissection is then 
continued caudally by freeing the urethral plate from the underlying 
corpora cavernosa. This is facilitated by dissection on both the dorsal and 
ventral aspects of the corpora. A vessel loop can be brought around the 

A 

t FIGURE 7-6. Exstrophy repair continued. A, The critical dissection 
involves dissecting each of the corporal bodies proximally toward the 
prostatic urethra, where the corpus spongiosum is better developed. The 
corpora and two hemiglans are separated by dividing the midline. B, This 
facilitates the dissection of the prostatic urethra and division of the inter-

8 

urethral plate to aid in the dissection. In addition, traction sutures are 
placed on the shaft skin ventrally. B, The urethral plate shown completely 
dissected free from the underlying corpora. 

8 

·pin i ion 
oale ccn c of 

p lv i diaphragm 

symphyseal ligament, which extends between the pubic bone. This inter
symphyseal ligament actually extends beneath the prostatic urethra and 
must be divided. After aggressive dissection, the bladder neck and prostatic 
urethra are now moved posteriorly. 
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t FIGURE 7-7. Bladder closure. Bladder closure is accomplished in two 
layers with the mucosa and muscularis incorporated in the first layer using 
7-0 Maxon (Sherwood-Davis and Geck, St. Louis, MO) suture. A second 
layer of running 6-0 PDS (Sherwood-Davis and Geck, St. Louis, MO) 
suture is used beginning at the dome and ending at the bladder neck. An 
8-F or 10-F Malecott catheter is placed in the dome of the bladder after it 
is brought through the skin and the anterior abdominal wall. This will heal 
as the umbilicus. A chromic pursestring suture is placed around the 
catheter on the outside of the bladder wall. 

t FIGURE 7-8. Tubularizing the urethral plate. The urethral plate is 
tubularized by using a running 7-0 Maxon suture. The feeding tubes exit 
through the neourethra. A second layer of 6-0 PDS completes the closure 
of the urethra. Interrupted 5-0 PDS sutures are placed at the bladder neck 
complex to provide further support. 

t FIGURE 7-9. The neourethra is brought below the corpora as the 
bladder neck and prostatic urethra have been moved posteriorly. The rectus 
fascia is identified and dissected out using electrocautery. The edges of the 
pubic bone are brought together by using several interrupted 0 or 2-0 PDS 
sutures in a figure-eight fashion. The goal is to move the pubic bone medially. 
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t FIGURE 7-10. The corpora are rotated toward the midline with inter
rupted 5-0 PDS sutures starting at the base of the penis and working 
distally. The neurovascular bundles are rotated to their dorsal location and 
the traction sutures in the glans halves now have a vertical orientation. 

t FIGURE 7-11. Suturing. The urethral meatus is then sutured to the 
glans using 7-0 Vicryl (Ethicon, Inc., Somerville, NJ) sutures. The glans 
halves are approximated by using deep 6-0 PDS suture followed by 7-0 
Maxon in a vertical mattress fashion. If the neourethra does nor extend to 

the end of the glans, it is left in a hypospadiac position. 

t FIGURE 7-12. Fascial closure. Fascial closure is performed by using a 
running 3-0 or 4-0 PDS suture followed by a second layer of 5-0 
Monocryl (Ethicon, Inc., Somerville, NJ) in the subcutaneous tissues. The 
tacking of sutures between the penoscrotal junction, both dorsally and 
ventrally, is important to prevent the penis from becoming buried. Final 
closure of the abdominal skin is accomplished with a 6-0 Monocryl suture 
in a subcuticular fashion. The penile skin is reapproximated dorsally with 
interrupted 6-0 mild chromic suture. A dressing ofTelfa (The Kendall 
Company Ltd., Mansfield, MA), thin Duoderm (ConvaTec, Skillman, 
NJ), and, finally, Tegaderm (3M Healthcare, Minneapolis, MN), is 
applied. The penis is taped down to the abdomen so that it is in a depen
dent position with the ureteral catheters placed to gravity drainage. The 
suprapubic tube is sutured in place with a 5-0 nylon suture. 
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t FIGURE 7-13. Modified Bryant's traction for a patient who underwent repair of exstrophy. The 
newborn boy is left in traction for a period of 5 to 7 days. The legs are suspended by applying mole
skin and then wrapping with Webril (BBA Nonwovens, Simpsonville, SC). The suprapubic catheter 
is left to drain via gravity and the ureteral catheters are left to drain into the diaper. Very little weight 
is required to keep the buttocks just off the bed. 

Infants are then transitioned to a "bucket" device for an additional week and are often able to be 
discharged home at this point. The ureteral catheters, if still in place, are removed. The suprapubic 
tube, which has been kept to gravity drainage postoperatively, is then clamped on or around postop
erative day 10 to allow the bladder to begin to cycle. Diaper weights are recorded and an assessment 
of postvoid residual is noted. After it has been determined that voiding is occurring well, the supra
pubic tube can be removed (generally after several weeks of clamping the suprapubic tube). The day 
the suprapubic tube is removed, a renal and bladder ultrasound examination is made to assess any 
degree of hydronephrosis. The infants are left on antibiotic prophylaxis because of the inherent risk 
of infection in the face of presumed vesicoureteral reflux. Periodic ultrasounds in the first year of life 
are helpful to assess renal growth, the degree of hydronephrosis, and bladder capacity. Initial 
hydronephrosis usually resolves in 3 to 4 months. A careful history that elicits intermittent voiding 
rather than continuous urinary dribbling suggests bladder cycling and bladder neck and proximal 
urethral sphincteric function. 

At 6 months postoperatively, a repeat ultrasound and voiding cystourethrogram study are 
performed to assess the patient's kidneys and the bladder. These give an idea of bladder capacity, 
bladder neck function, and degree of reflux. Several patients have shown complete resolution of 
reflux in this first year oflife; antibiotic prophylaxis can be discontinued in these cases. 

PRIMARY ANATOMIC REPAIR: FEMALE 

t FIGURE 7-14. Repair for a newborn female patient with exstrophy. Neonatal closure of female patients born with classic 
bladder exstrophy mimics closure in male patients. The urethral plate and bladder neck are moved with the vagina en bloc 
posteriorly, and no attempt is made to dissect the urethra off the vagina. A, A newborn female patient with exstrophy has been 
marked to show where the incision will be made. The umbilicus will be moved cephalad and the urethral-vaginal complex will 
be moved posteriorly, yet a normal perineal body will be maintained. The arrow denotes the vaginal introitus. 

B, Primary anatomic closure has been completed and the suprapubic tube is seen exiting through the umbilicus while the 
feeding tubes exit through the neourethra. Because the urethral-vaginal complex has been moved posteriorly, the bifid clitoris 
is brought together and the vagina assumes a normal anatomic location. Bladder neck function and continence are immedi
ately achieved with this closure. It was the early successes achieved in female patients, some of whom who did not require later 
bladder neck reconstruction, that paved the way for the complete anatomic repair in male patients. 
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Controversies Regarding 
Treatment of Undescenaed Testes 

8 
Stanley }. Kogan Und s ended testes are one of the most commonly encountered problems 

in p diatric urologic practices. Despite this prevalence and the long clinical 

interest in this problem, management of patients with cryptorchidism 
continues to undergo refinement and improvement. Recent discoveri s 

r garding mechanisms of testicular des ent, improv d methods of diag

nosis, and new innovative specialized surgical te hniques have drastically 
improved the overall management of patients with this condition, oft n 
allowing a streamlin d approach. This chapter addresses controversies that 
relate to these issues. In some instances, solutions will not b evident, but 

the discussion will enlighten the reader and help formulate improv d 

approaches to management. 
Controversy exists about the mechanisms of testicular descent. Theories 

explaining these mechanisms are abundant and have undergone contin

uous evolution over the years. Theories based on mechanical , anatomi , 

hormonal, and biochemical findings have been postulated. Whereas no one 
th ory alone explains all circumstances encountered clinically, knowledge 
of each is helpful in interpreting the findings during surgery, and clinicians 
should be familiar with each. In a similar fashion, existing classifications of 

ryptorchidism have not adequately acknowledged thes disparat findings 
encountered clinically. Classifications based on testis position are us ful 

becaus position generally dictates the choice of treatment to follow. 
Recently, a useful classification based on underlying cause that acknowl

edges the heterogenicity of cryptor hidism and has some prognostic value 
regarding ultimate outcomes of treatment has b en describ d. This classifi
cation emphasizes that cryptorchidism is not one di ease; rather, there ar 
multiple causes, each with a potentially varied prognosis. Besides · these 

classically described forms of cryptorchidism, delayed as ent and iatrogenic 
se ondary cryptorchidism are two more recently describ d causes of und -

scended testes. It is important to note clinically that in these instances th 
testes are subject to the same det rioration that normally occurs in patients 
with primarily undescended testis, although at a seemingly slower rate. 

Diagnosis and treatment of patients with palpable undescended testes ar 
well described in many textbooks and are straightforward. Impalpable unde

s ended testes are distinctly different than palpable und scended ones. In 

general, they are more structurally abnormal {ie, they have a higher 
frequen y of associated hernias, shortened spermatic cord, higher fr quency 

of vasoepididymal abnormalities, smaller size) and sometimes require addi
tional special diagnostic tests. Also, the surgical approach is more complex 
and detailed. The important questions to answer when dealing with impal
pable testes are 1) is the testis present or absent? and 2) what is the best ther-



apeutic response? Historically, a variety of invasive diagnostic tests 

have attempted to localize an impalpable testis, each with its own 

limitations and less-than-desired accuracy. More recently, ultra

sound has been used because it is noninvasive, relatively inexpen

sive, easily available, and painless, but it too lacks adequate sensi

tivity to be used reliably. Sometimes the clinical examination is 

actually more accurate and useful than any imaging modality. 

Proper patient relaxation in a warm, quiet examining environment 

is helpful. Positioning the patient in a cross-legged, leaning-forward 

position or supine with maximal hip abduction relaxes the cremas

teric muscles and may coax an initially impalpable testis into a 

palpable position, precluding completely the need for any imaging 

modality. Placing an older child with an impalpable testis in a full 

squatting position accomplishes the same results. Demonstrating 

contralateral testicular hypertrophy in a boy younger than 2 years of 

age may also indicate that the impalpable undescended testis is 

absent. In some instances, diagnostic laparoscopy may be used to 

determine the presence and position of an impalpable testis. 

Published series indicate that laparoscopy is safe and reliable when 

used in this context and that laparoscopy is the most accurate diag

nostic test that can be done to diagnose the absence or presence of 

an impalpable undescended testis. 

Bilateral impalpable undescended testes pose a special problem. 

In this instance, distinction must be made between bilateral impal

pable cryptorchidism (ie, testes present) and bilateral anorchia (ie, 

testes absent). Conventional imaging techniques previously 

mentioned can be used to show testis presence, but hormonal 

testing measuring serum gonadotropins and the response to human 

chorionic gonadotropin (HCG) stimulation has a unique applica

tion in this clinical setting. When hormonal testing demonstrates 

elevated gonadoptropin levels and a failed response to HCG stimu

lation, surgical exploration for confirmation of testis absence is 

unnecessary. Diagnostic laparoscopy can be performed for confir

mation at the time of testicular prosthesis placement. 

The goals of treating cryptorchid testes have remained 

unchanged over the years: placing the testis in the scrotum at an 

early-enough age maximizes fertility and potentially diminishes 

the risk of testicular cancer later in life, lessens the risk of testicular 

torsion in the undescended testis, allows for repair of the often

accompanying hernia, and maximizes body image by having a 

natural testis filling the scrotum. Hormonal and surgical treatments 

have been used historically, with each approach having advan

tages and disadvantages. Specific controversies exist regarding age 

of treatment and the role of hormonal treatment. Recent studies 

emphasize that treatment at or around 1 year of age is ideal 

because rapid germ cell depletion and failure of normal germ cell 

maturation occurs otherwise. Detractors have argued otherwise: 

that location is far more important than age, with abdominally 

located testes having a poorest fertility prognosis. 

The role of early orchidopexy and its potential lessening of the 

increased cancer risk in cryptorchid testes is exceedingly contro

versial. Testis cancer occurs with an increased risk calculated at 

about 50 per 100,000, which is estimated as 10 to 30 times the 

normal risk, although the absolute risk is still small. The risk is 

increased six times over testes located in other undescended posi

tions when the testis is intra-abdominal. Although traditional 

teaching indicates that orchidopexy (at any age) does not reduce 

the subsequent risk of germ cell testis tumor formation, recent data 

indicate that testicular cancer risk in patients treated for cryp

torchidism increases as the age of orchidopexy increases. Whether 

or not early orchidopexy lessens the risk is an unanswered ques

tion. Conclusive data are inadequate, and answers will have to 

wait until the current generation of boys who have undergone 

early orchidopexy have matured. 

Whereas the data supporting early or later orchidopexy are 

each convincing, it seems prudent to offer early repair when the 

testis has not descended by 1 year of age because the likelihood of 

spontaneous descent lessens significantly afterwards. Conversely, 

orchidopexy should not be denied at older ages based on fertility 

reasons alone because some prospect for fertility may be present, 

especially when the additional benefits provided by newer assisted 

reproductive techniques (eg, intracytoplasmic sperm injection; 

round spermatid nuclei injection) are considered. 

Historically, HCG has been used to effect testicular descent for 

decades; it was first used in this manner in 1931. Markedly 

disparate success rates varying between 5% and 99% have been 

noted. Introduction of gonadotropin-releasing factor (GNRH) 

therapy for testicular descent offered another potentially beneficial 

approach. Just as results with HCG treatment have varied, so too 

treatment results with, GNRH have ranged from 13% to 78% for 

successful induction of testicular descent. The proven efficacy of 

orchidopexy must be weighed against these results. 

Orchidopexy for patients with palpable undescended testes is 

performed in a single stage through an inguinal incision by well

described techniques and should achieve success rates in excess of 

95%. Most controversy and discussion involve treatment of those 

with higher impalpable testes whose treatment is more demanding 

and complex and in which, by necessity, considerable creativity 
and refinement in surgical techniques has emerged. Considerable 

experience is necessary in managing these testes because there are 

no guidelines described. Experience indicates that a "radical" high 

retroperitoneal dissection is often successful for descending testes 

that seem to initially require more extensive procedures. When this 

is impossible, a single-stage procedure sparing division of the sper

matic vessels is preferred. Laparoscopic orchidopexy in either a 

single or deliberate two-stage fashion is another approach and is an 

inevitable and logical extension of diagnostic laparoscopy. Initial 

experience indicates that the success rates using laparoscopic 

orchidopexy for descending these testes are at least as good, if not 

better, than with open surgical techniques. 

If the testis is found to be absent, testicular prostheses may be 

placed. These provide a definite cosmetic and psychologic benefit 

to boys with absent testes. Prosthesis placement in adolescent boys 

in particular is essential and is usually highly desired in this age 
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group. Preadolescent placement in boys with absent testes is more 

controversial, although I personally recommend this approach. 

Early placement provides a sense of "normality" for the parents 

and, later, for the child. Scrotal growth and appearance are 

normal. In adolescence, the prosthesis is exchanged for an adult

sized one. In the past, testicular prostheses have been made with a 

silicone interior and an outer silicone shell, but the Food and Drug 

Administration now mandates that previous models be replaced 

with a saline-filled model with a silicone envelope exterior. Health 

concerns regarding the safety of silicone testicular implants have 

not stood the test of scientific scrutiny. 

These observations indicate the continued interest and change 

occurring in the management of patients with cryptorchidism. 

Although the incidence of cryptorchidism has remained stable, the 

number of orchidopexy procedures has tripled in recent years. 

Additional numbers of boys are treated hormonally. Technical and 

surgical innovations have significantly improved the success rate 

in dealing with the higher, more difficult testes. Concomitantly, the 

number of subfertile adults resulting from untreated or inade

quately treated cryptorchidism has decreased. Early orchidopexy 

may prove to reduce this number further in time. Because there 

does not seem to be any added risk when surgery is performed by 

a skilled pediatric urologist and skilled pediatric anesthesiologist, 

early orchidopexy at or about 1 year of age has been recom

mended as optimal treatment by the Action Committee of the 

American Academy of Pediatrics, when these criteria can be met. 

To date, there is encouraging evidence that the risk for testicular 

atrophy is not increased by this approach. 

MECHANISMS OF TESTICULAR DESCENT 

Gubernacular attachment 
Mullerian inhibiting substance 
Abdominal pressure 
Processus vaginalis formation 

Renal Internal ring 

5-8 weeks 12 weeks 

Transabdominal migration 

Gubernacular swelling 
Hormonal stimulation 
Epididymal development and descent 
Genitofemoral nerve stimulation 
Descend in 

. Inguinal 

28 weeks 

Transinguinal descent 

Scrotal 

Term 

t FIGURE 8- 1. Factors influencing normal and disordered testicular descent. Anatomic, hormonal, 

and biochemical theories have been postulated to explain the diverse findings encountered in normal 
and disordered testicular descent [1). Formation of the processus vaginalis and attachment of the 

gubernaculum to the lower end of the epididymis (at 5 to 8 weeks' gestation) occurs, delivering the 

testis to a position adjacent to the internal inguinal ring by the twenty-first week (this is known as 
transabdominal migration). Differential body growth may also play a role in this process. No addi
tional descent occurs until 26 to 28 weeks' gestation, when gubernacular swelling distends the inguinal 
canal, possibly facilitating entry of the testis. Descendin, an androgen-independent factor promoting 
gubernacular cellular growth, has been described experimentally. The gubernaculum subsequently 

atrophies as the testis descends through the canal (ie, the rransinguinal phase of descent), allowing 
passage. Hormonal factors are important during this phase: increasing testosterone levels occur and, 
experimentally, anti-androgens often block this phase of descent. Epididymal growth, elongation, and 
descent precede the testis into the scrotum. A neural role may be i-mportant here as well: evidence 

suggests that the genitofemoral nerve spinal nucleus located in the anteromedial aspect of the L3-4 
spinal segment is "masculinized" by fetal androgens, causing it to release a neurotransmitter (ie, a calci-

ronin gene- related peptide), which stimulates 
rhythmic gubernacular contractions, helping to 

deliver the testis through the inguinal canal [2] . 
Disorders of testicular descent occur 

commonly in association with derangements of 

the above processes. Gonadotropin-releasing 
factor deficiency or pituitary disorders with resul
tant gonadotropin deficiency (ie, Kallmann's 
syndrome, Prader-Willi syndrome, pituitary 
hypoplasia) are associated with cryptorchidism. 
Absence of mi.illerian inhibiting factor results in 
retained mi.illerian ductal structures and abdom
inal cryptorchidism. Abnormalities of the abdom

inal muscles with diminished abdominal pressure 
(ie, prunebelly syndrome, gastroschisis) are associ
ated with an increased frequency of cryp
torchidism. Epididymal anomalies are commonly 
associated with undescended testes, and the 
higher the testis, the more severe and frequent the 
anomalies encountered. Finally, boys with spina 
bifida have a higher frequency of cryptorchidism, 
especially those with lower defects (ie, potentially 
affecting the L3-4 segments) . Whereas no one 
theory alone explains all circumstances encoun
tered clinically in patients with cryptorchidism, it 
is apparent that diverse factors each contribute 
something to the overall process of descent and 
that different mechanisms may be operative in 
each circumstance. 
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g 
A 

• FIGURE 8-2. Epididymovasal abnormalities in cryptorchidism. the testis through external inguinal ring. b: Atresia of distal epididymis 
Epididymal abnormalities are encountered commonly in patients with cryp- with threadlike communications to the intra-abdominal testis. c: lntra-
torchid testes. Gross ductal abnormalities are seen in at least one third of those abdominal testis with descended long-loop vas deferens. d: Atresia of the 
with cryptorchid testes, with an increased frequency in higher (ie, abdominal) proximal vas deferens. e: Blind-ending vas deferens and spermatic pedicle 

testes. Distal looping of the vas deferens and epididymal tail {"long-looped with unidentifiable testicular tissue. f: Failure of union of vas deferens 
vas") is the most frequent finding; other abnormalities of ductal fusion or and testis. g: Blind-ending distal vas deferens with absent testis and spec-

suspension also occur [3]. Besides having significance regarding the under- marie vessels. 
lying potential reason for testicular maldescent, accurate identification of these B, Long-looped vas deferens with "nubbin" at end extending down the 

structures during surgery is exceedingly important because surgical errors may inguinal canal. C, Similar example with long-looped vas and presumed 
result from misinterpretation of the gross findings. For example, a looped "nubbin" at end, extending down the inguinal canal. The testis shown 

epididymis may simulate the appearance of a blind-ending spermatic cord and above was intra-abdominal. D , Older child with structure mimicking 
may be accidentally excised, leaving an abdominal testis above. Intraperitoneal atrophic testis with collapsed surrounding tunica vaginalis at end (arrows) 

exposure and thorough mobilization and definition of the structures is essen- that had exited through the external inguinal ring. Retroperitoneal testis 
rial to prevent errors in these instances [4]. above. E, Blind-ending gubernaculum-like structure passing down through 

A, Epididymovasal abnormalities in patients with cryptorchidism. the inguinal canal (arrow). The testis lies above within the abdomen. (Part 
Small letters are defined as follows: a: Long-loop vas deferens preceding A adapted .from Kogan [4]. Parts B to D ftom Kogan [4]; with permission.) 
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t FIGURE 8-3. Epididymal descent in two 
patients with cryptorchidism. A and B, Lesser 
example of elongated epididymis descending 
toward or into the scrotum with cryptorchid 
testis. C and D, Extreme example of epididymal 
descent with cryptorchid testis tethered to the 
lower pole of the kidney by epididymis attach
ment. Despite fixation at renal level, complete 
epididymal descent has occurred (large arrow 
indicates the point of previous attachment to the 
kidney; small arrow indicates the testis). 

Controversy has raged between theorists of 
testicular descent regarding the role of the 
epididymis in normal and abnormal descent [5]. 
In both of the cases shown here, epididymal 
descent has occurred to a varying degree, 
"leading" the testis, which remains cryptorchid. 
Those that support the role of the epididymis in 
effecting testicular descent cite examples such as 
these to support their beliefs that epididymal 
descent is an integral part of normal descent and 
that an abnormally developed epididymis occurs 
frequently when mal descent is present. 
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Normal male external genitalia 
Normal testis descent 

Di order 

low or absent GnRH 
Kallmann's syndrome 
Prader-Willi syndrome 

~ 
Pituitary hypoplasia 

low or absent gonadotropins 

.J> 
Anorchia, testis hypoplasia 
Wolffian duct abnormalities 

lntratesticular enzymatic deficiencies 
MIF deficiency 

Persistent mullerian duct syndrome 

.J> 
5-a reductase deficiency I 

~ 
Androgen insensitivity 
Testicular feminization 
Reifenstein 's syndrome 

~ 
I Undescended testis I 

IV. Pediatric Urology 

84 

t FIGURE 8-4. Hormonal abnormalities asso
ciated with normal and disordered testicular 
descent. Boys with cryptorchidism are suspected 
of having an abnormal postnatal hormonal envi
ronment, with hypogonadotropic hypogonadism 
and impaired testosterone secretion early in life. 
A corresponding abnormal prenatal hormonal 
milieu is inferred [6,7]. A variety of clinical 
syndromes exist in which cryptorchidism is asso
ciated with hormonal abnormalities and a disor
dered hypothalamic-pituitary axis. FSH
follide-stimulating hormone; GnRH-gona
dotropin-releasing hormone; LH-luteinizing 
hormone; MIF-miillerian inhibiting factor. 
(Adapted from Gill and Kogan [8].) 



CLASSIFICATION 
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Abdominal -t- ---il• 

Ectopic 
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ectopic 

....---+- Transverse 
scrotal 
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t FIGURE 8-5. Classifications of cryptorchidism by location. 
Classification of cryptorchidism based on location is useful because 
description in thi~ fashion indicates the appropriate subsequent treat
ment. Palpable undescended testes may be retractile, suprascrotal, or 
"gliding" (within a wide patent processus vaginalis), secondarily ascended 

to an extrascrotallocation after previous documented descent, ectopic, or 
inguinal in location. Virtually every palpable testis may be surgically 
descended by conventional orchidopexy techniques. Adequate spermatic 
cord length is present and special techniques are not needed for this 
reason. Impalpable testes occur when they are within the abdomen, 
sometimes within the inguinal canal, or when they are atrophic or 
absent. In these circumstances, more involved surgical procedures are 
often needed . 

Clinical observations indicate that descended testes, whose dependent 
position is often well documented on multiple occasions, may subse
quently ascend to an extrascrotallocation. Differential body growth, fixa
tion to surrounding structures, and shortening of an accompanying 
processus vaginalis have all been suggested as potential causes. Iatrogenic 
cryptorchidism occurs most often when the testis adheres to the internal 
aspect of an inguinal scar (ie, after herniorrophy or hydrocelectomy). 
Ensuring that the testis is properly dependent and fully "seated" at the 
termination of the repair minimizes this occurrence. It is important to 

note clinically that the testes are subject to the same deterioration in these 
instances that normally occurs in a primarily undescended testis, although 
at a seemingly slower rate [9,10]. (Adapted from Kogan [4].) 

Multifactor Classification of Cryptorchidism by Underlying Ca"!se 

Abnormality 

Abnormal end organ (rudimentary testis) 
Ductal abnormality (dysjunction, long-looped vas deferens) 
Ectopia (abnormal gubernaculum, closed scrotal space) 

Abnormal hormonal milieu (hypogonadotropism) 

Diminished abdominal pressure (prunebelly, gastroschisis) 

Complete nondescent 

"Acquired" cryptorchidism (secondary ascent, scar fixation) 

Effect on Fertility 

Impaired sperm production 
Impaired sperm transport 
Normal initial development 
Secondary germ cell depletion 
Normal initial development 
Secondary germ cell depletion 
Normal initial development 
Secondary germ cell depletion 
Impaired initial development 
Secondary germ cell depletion 
Secondary germ cell depletion 

Early Orchidopexy 

Unhelpful 
Unhelpful 
Helpful 

Early hormonal treatment with or without 
orchidopexy 

Helpful 

? Helpful 

N/A 

t FIGURE 8-6. Multifactorial classification of cryptorchidism by under
lying cause. This classification system emphasizes that cryptorchidism is 
not one disease; rather, there are multiple causes, each with a differing 
underlying process involved and each with a potentially varied prognosis. 
This classification also stresses the heterogenicity of cryptorchidism and 
has prognostic value regarding the outcome of treatment. For example, 

early treatment may have little or no value for treatment of rudimentary 
testes because there is inadequate testicular tissue present. Similarly, 
hormonal supplementation might be necessary for patients with severe 
hypogonadotropism to achieve full fertility potential, in addition to early 
successful surgery (King LR, Personal communication). 
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SURGICAL AND ULTRASOUND FINDINGS 

Abdominal --+----• 
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33% 

A 

t FIGURE 8-7. Surgical findings in boys with impalpable testes. A, 
Locations of impalpable undescended testes. B, Surgical findings demon
strated with absent testes [11]. Figures vary widely according to which 
references are cited regarding the frequency and locations of impalpable 
undescended testes. Impalpable undescended testes constitute about 20% 
of all cryptorchid testes. About 30% to 60% of impalpable testes are 

t FIGURE 8-8. Ultrasound evaluation for impalpable 
cryptorchidism. Historically, a variety of invasive diagnostic 
tests have been described attempting to localize an impal
pable testis, each with its own limitations and less-than
desired accuracy. Previously used modalities such as gonadal 
venography or arteriography, herniography, routine 
computed tomography, or magnetic resonance imaging 

B. Findings in Boys with Unilateral Absent Testes 

Finding 

Minispermatic vessels 
Wolffian structur s 
Vessels and wolffian structures 

Vessels and vas deferens 
Vessels, vas deferens, epididymis 
Vessels, vas deferens, epididymis, 

terminal nubbin of tissue 
Vas deferens only 
Ve els only 
Absence of all structures 
Total 

Patients, n(%) 

47(72) 
54(83) 
45(69) 

20(31 ) 
12(18) 
13(20) 

9(14) 
2(3) 
9(14) 
65(100) 

absent: when the testis is impalpable, it is present in about 40% to 
70%[12]. Overall, about 10% of cryptorchid testes are abdominal, 50% to 
70% are high scrotal or ectopic, 3% to 4% are absent, and the remainder 
are intracanalicular. When impalpable, the distribution figures change: 
about 50% are abdominal and about 33% each are inguinal or absent 
[11). (Data from Kogan et al. [13).) 

examination are of limited use and of historic note only. The 
latter two approaches are useful in selected cases in older boys 
but should not be used routinely. None of these tests can reli
ably diagnose a vanishing testis or small testicular nubbin; for 
these, direct observation is necessary by laparoscopy. 

A, Impalpable left testis. B and C, Testis impalpable but 
ultrasound shows testis in left inguinal canal. 

(Continued on next page) 
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t FIGURE 8-8. (Continued) D through F, Testis easily palpable in 
groin, but ultrasound fails to demonstrate testis. 

Ultrasound is noninvasive, relatively inexpensive, readily available, and 
painless, but is lacking in sensitivity, especially in prepubertal boys in 
whom the testis is often 2 em in size or smaller. False-positive examina
tions (showing a testis falsely to be present) are rare, but false-negative 
examinations, failing to show a testis when it is actually present, are quite 
common [14]. If an ultrasound in a prepubertal boy fails to demonstrate a 
testis, laparoscopy and exploration are still needed, so the utility of this 
examination is limited in prepubertal boys. On the other hand, in older 
pubertal boys with impalpable testes, ultrasound is often useful because 
false-negative examinations are much less common. Laparoscopy should 
still be done to confirm testis absence when the ultrasound fails to demon
strate a testis in a pubertal boy. 
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t FIGURE 8-9. Contralateral testis hypertrophy 
in impalpable cryptorchidism. Unilateral testicular 
hypertrophy occurs in boys with absent testes. A, A 

1-year-old boy with an impalpable right testis was 
found to have an atrophic nubbin in the scrotum. 
Pathologic examination of the excised nubbin 

demonstrated hemosidirin and calcification but no 
testicular tissue, compatible with antenatal torsion 
and inhuction. Left solitary testis greater than 2 em. 
B, Massive contralateral testis hypertrophy (testis 50 
mL in volume) in an early pubescent boy with 
monorchia. C, Size of contralateral descended testis 
in boys with unilateral absent testis, atrophic testis, 
and normal testis [15]. 

In boys younger than 3 years of age, contralat
eral testis hypertrophy equal or greater than 2 em 
length when present has been shown to be an accu
rate predictor of testicular absence (ie, monorchia) 
[15]. This finding is useful clinically to predict 
testicular absence before laparoscopy or open 
surgical exploration. In older boys, contralateral 
descended testis hypertrophy occurs as well with 
monorchia, but also may occur when the other 
testis is abnormally developed (ie, cryptorchid or 
atrophied, so one should not assume testis absence 
in this circumstance). D, Cautionary statements. 

D. Cautionary Statements Regarding Contralateral 
Testis Hypertrophy in Impalpable Cryptorchidism 

1. Only findings of a testis equal or greater than 2 em length in boys 
younger than 3 years of age indicates strongly that the opposite (ie, 
impalpable) t stis i ab ent. 

2. This rul does not hold true for older boys . 
3. If a testis is smaller than 2 em in size, it does n t confirm that the 

contralateral impalpable testis is necessarily present, nor doe it 
exclude monorchia. In oth r words, a normal size testis does not 
exclude monorchia. 
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DIAGNOSIS AND T REATM ENT 

A 

Bilateral impalpable testes 

Normal male phenotype 
and blood karyotype 

Plasma FSH, LH 
(LHRH stimulation test at ages 3- 9 y) 

and 
testosterone response to HCG stimulation 

i FSH (LH) 
Negative testosterone 

response 

Insertion of testicular prostheses 
<by age 2) 

Normal FSH, LH 
Positive testosterone 

response 

Surgical exploration 
(by age 1) 

t FIGURE 8-10. Diagnosis and treatment of patients with bilateral 
impalpable testes. A, Algorithm for diagnosis and management of boys 
with bilateral impalpable testes. B, Interpretation of hormonal findings in 
boys undergoing hormonal evaluation for bilateral congenital anorchia. 

When bilateral impalpable undescended testes are present in a boy with 
a normal phenotype, distinction must be made between bilateral impal
pable cryptorchidism (ie, testes present) and bilateral anorchia (ie, testes 
absent). Conventional imaging techniques previously mentioned can be 
used to show testis presence, but are unreliable in demonstrating absent 
testes. Hormonal testing measuring serum gonadotropins and the response 
to human chorionic gonadotropin (HCG) stimulation has a unique appli
cation in this clinical setting because follicle-stimulating hormone (FSH) 
levels (and sometimes luteinizing hormone [LH]Ievels) are elevated in 
boys with absent testes, even early in life, and the testes are responsive to 
testosterone as well at this time. Elevated gonadotropin levels and a failed 
response to HCG stimulation in this context indicates bilateral absent 
testes (ie, bilateral anorchia), and surgical exploration for confirmation of 
diagnosis is unnecessary. Diagnostic laparoscopy can be performed for 
confirmation at the time of testicular prosthesis placement [ 16]. 

Although there is controversy regarding the accuracy and interpretation 
of these tests, careful review will identifY potential pitfalls in interpreting 
these data and clarifY this confusion [ 17]. When both components of this 
test are present, namely increased levels of FSH or LH (or both) and failure 
of testosterone response to HCG, bilateral anorchia is present, although 
postpubertal boys with damaged testes conceivably may have similar 
endocrine findings. Besides this, bilaterally anarchic boys between the ages 

of 3 to 9 years, when the hypothalamic-pituitary 

B. Interpretation of Hormonal Findings in Boys Undergoing 
Hormonal Evaluation for Bilateral Congenital Anorchia 

"gonadostat" is relatively inactive, may not elevate 
their gonadotropin levels. In this circumstance, a 
luteinizing hormone-releasing hormone (LHRH) 
stimulation test will unmask this inactivity. In all 
other circumstances, when either or both of the 

Testes absent 
Bilateral congenital anorchia 
Possible in prepubertal bilateral congenital 
anorchia (ie, ages 3 to 9 years) 

LHRH-> 
Testes present 

Bilateral impalpable cryptorchidism 
Possible in hypogonadotropic hypogonadism 
Prolonged HCG 
Possible in postpubertal bilateral 
hypoplastiddamaged testes present 

FSH, LH 

i 
Normal 

i 

Normal 
Low 

i 

Testosterone After HCG 

0 
0 

0 

i 
0 
i 
0 

endocrine components are not fulfilled, a testis 
may be present and a thorough exploration must 
be undertaken. (Adapted from Kogan [16].) 
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Fetal testis 

Postnatal 

Ag 1 year 
Ag 2 year 

Age 5 years 
Puberty 

A. Major Landmarks in Normal Testis Development and Disturbed 
Landmarks in Cryptorchid Testis Development 

Normal Development 

Gonocyte to Ad-spermatogonia; normal number of gonocytes 
initially 

Gonocyt disappear by 6 months 

Main cell is Ad- permatogonia 
Virtually all testes have normal germ cell number 

Primary spermatocytes appear (first meio is} 
Progression of normal spermatogenesis 

Abnormal Development 

Impaired transformation of gonocytes to Ad-spermatogonia 

One third normal, one third subnormal, one third ab ent germ 
cells 

Impaired primary spermatocyte appearance 
Impaired progression of spermatogenesis 

t FIGURE 8-11. Testicular histology according to age and location. 
220~------------------~------------~ A, Major landmarks in normal testis development and disturbed landmarks 

in cryptorchid testis development. B, Germ cell counts in cryptorchid testes 
according to patient age and location of the testis [18]. C, Semen analysis in 
men with unilateral palpable and impalpable undescended testes who had 
orchidopexy performed between ages 7 and 13.5 years [19]. 
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Based on extensive histologic analysis of the cryptorchid testis, the age 
that treatment is provided has continually lessened because it was noticed 
that "the younger the child's age, the less the histological appearance 
differed from a normal testis" [20]. Cryptorchid testes do not develop 
properly. The three major landmarks in histologic development are 
arrested: transformation of gonocytes to Ad-spermatogonia at or around 6 
months age; failure of transformation to primary spermatocytes at or 
around 5 years of age; and failure of primary spermatocytic meiotic divi
sion at puberty [21]. Failure of noma! transformation is suspected to be 
associated with increased risk of subsequent infertility and neoplasia. 
Besides, there is a rapid and early fall-off in germ cell number after the first 
year oflife. Studies [18,21] indicate that about 5o/o of cryptorchid testes 
are devoid of germ cells at that time, with about a quarter or a third asper
matogenic by age 2 years and further progression toward sterility by the 
completion of puberty. Because orchidopexy in trained hands can be done 
just as safely and effectively at 1 year of age as in older boys, orchidopexy 
at this age seems ideal. Detractors have argued otherwise: that testis loca
tion is far more important than age, with abdominally located testes 
having the poorest fertility prognosis [ 19]. Certainly orchidopexy should 

not be withheld in older prepubertal boys 

C. Semen Analysis in Men with Unilateral Palpable and 
Impalpable Undescended Testes Who Had Orchidopexy 

Performed Between A es 7 and 13.5 Years 

because of suspected infertility. WHO-World 
Health Organization. (Part B adapted .from 
Hadziselimovic et al. [18]; part C adapted .from 
Puri and O'Donnell [19].) 

Volume, mL 
Density, X 7 o6!mL 
Abnormal forms, % 
Motility,% 

•Four azoospermic. 

WHO Standards 

>1.5 
>20 
<50 
>50 

Normal 

Mean (n) 

2.9(101) 
74.3 (88) 

34 (96) 
61 (97) 

Subnormal 

Mean (n) 

0 .9 (18} 
10.3 (27} 

69 (19*) 
29 (18} 
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Dosage Schedule for Human Gonadotropic 
Hormone Induction of Testicular Descent 

Patient Age, y Dosage, IU 
~1 

1- 6 
~6 

250 IM 
500 twice weekly for 5 weeks 
1000 twice weekly for 5 weeks 

t FIGURE 8-13. Hormonal treatment for testicular descent. Extreme 
variation in reported success using human chorionic gonadotropin (HCC ) 
for induction of testicular descent has been noted, ranging between 5o/o 
and 50%. Multiple factors, including varied dosing schedules, differing age 
at treatment, inclusion of boys with retractile testes, and differing numbers 
of boys with "higher" testes explain the wide variation in success. 
Historically, Europeans have favored HCG over surgical primary treatment 
and have cited a greater frequency of success. Inclusion of a larger number 
of retractile and lower-positioned testes in these series are one probable 
reason because both would respond more favorably to HCG. Significantly, 

t FIGURE 8-12. Seminoma in a 31-year-old man who had undergone 
previous unilateral orchidopexy at 11 years of age. The risk of malignancy 
occurring in cryptorchidism is measured at about 50 per 100,000, which is 
22 times that seen in the general population [22,23]. Various other reports 
indicate an increased risk of lO to 30 times, although the absolute risk 
remains small. The risk is increased six times over testes located in other 
undescended positions when the testis is intra-abdominal, as well as in 
intersex patients having a Y chromosomal karyotype and in atrophic testes 
after failed orchidopexy. Traditional teaching indicates that orchidopexy (at 
any age) does not reduce the subsequent risk of germ cell testis tumor 
formation [24]; however, recent data indicate that testicular cancer risk in 
cryptorchid patients is related to the age that orchidopexy is done. In one 
large study, a progressive increase in testis tumor occurrence was noted as 
age of orchidopexy increased [25]. Conclusive data are inadequate at this 
time and answers will have to wait until the current generation of boys 
who have undergone early orchidopexy have matured. 

in some series, treatment at early ages-that is , precisely when successful 
descent is most important- was associated with a poorer success rate [26] . 
HCG is contraindicated for treating those with ectopic testes because these 
are mechanically impeded from descending into the scrotum, when a clin
ical hernia is also present, and in cases in which scar fixation of the testis is 
present after previous hernia repair or orchidopexy. 

Introduction of gonadotropin-releasing factor (GNRH) analogues for 
testicular descent offered another potentially beneficial approach. Because 
GNRH is not available for this indication in the United States, all data 
were derived from overseas treatment studies. Just as with HCG, treat
ment resulrs with GNRH have ranged from 17o/o to 38o/o in double-blind 
studies and 13o/o to 78% in open studies. A positive correlation was seen 
with increasing numbers of distally located testes and increasing age at 
treatment. Anatomic abnormalities precluding successful descent were 
discovered at subsequent orchidopexy in treatment failures in 80o/o [27]. 
GNRH has also been used in conjunction with subsequent H CG, with an 
80% success rate [28). The proven efficacy of orchidopexy must be 
weighed against these results. 1M-intramuscularly. 
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Vas alone seen 
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t FIGURE 8-14. Diagnosis and surgical treat
ment of unilateral impalpable testis. Surgical 
treatment of higher impalpable testes is 
demanding and complex. Because approximately 
20o/o to 40% of impalpable testes will ultimately 
prove to be absent, a properly planned explo
ration is the initial step. This may be done 
through an inguinal skin crease incision with 
intraperitoneal extension if necessary or by 
initiallaparoscopy. If the testis is absent, the 
exploration may be terminated and a testicular 
prosthesis may be placed. The solitary contralat
eral descended testis should be "protected" by 
performing a scrotal orchidopexy to minimize 
the risk of potential subsequent testis torsion. If 
a testis is found to be present, a variety of open 
surgical techniques are available. The "testis 
stretch" maneuver done at the onset of the evalu
ation is critical in determining which technique 
of orchidopexy to use. Experience indicates that 
a "radical" high retroperitoneal dissection is 
often successful in descending testes, which seem 
initially to require more extensive procedures. If 
this is not feasible, a single-stage procedure 
sparing division of the spermatic vessels is 
preferred. If deliberate testis vessel transection is 
required, extensive previous high dissection must 
be avoided to prevent disruption of the collateral 
vessels accompanying the vas deferens. 
Considerable experience is necessary at this 
point in surgery because there are no 
guidelines described. 



D. Open Surgical Techniques for Orchidopexy 
of High Undescended Testis 

High r troperitoneal dissection 
lntrap riton al xtended mobilization 
Spermatic vessel trans tion 

Single stage 
Staged 
With microvascular anastomosis 

t FIGURE 8-15. Choices of surgical procedures for patients with high 

undescended testes. After the testis is identified, the critical "testis stretch 
maneuver" is done by taking a traction suture through the testis capsule and 

putting the testis on stretch before any mobilization. This maneuver offers a 
subjective assessment of testis mobility and vessel length, enabling the surgeon 
to choose between a variety of open surgical techniques. These vary signifi
cantly from the standard inguinal orchidopexy used for those with palpable 
undescended testes and include high retroperitoneal dissection, intraperitoneal 
extended mobilization, and spermatic vessel transection (single stage or staged) 
with or without microvascular anastomosis. A to C, Three different examples 
of the "testis stretch'' maneuver as the initial determinant of choice of proce
dure. D, Surgical techniques for orchidopexy of high undescended testis. 

• Testicular prosthesis 
• Contralateral scrotal 

orchidopexy 

Laparoscopic orchidopexy 
(orchiectomy) 

(single-stage or staged) 

A 

• Inguinal 
exploration 

Blind-ending 

• Full open abdominal 
exploration or laparoscopic 
exploration, or MRI or CT 

t FIGURE 8-16. Diagnostic laparoscopy for 
impalpable undescended testes. A, Laparoscopic 
diagnosis and treatment of impalpable unde
scended testes. B, Laparoscopic findings in 432 
impalpable testes. A recent collation of five 
published series (432 impalpable testes) indi
cates the frequency of laparoscopic findings in 
this situation. Testes were present about one half 
of the time (n=24l [55%]) and absent one half 
of the time (n= 191 [45% ]). When present, 27% 
(n= 118) were intra-abdominal and 28% 
(n=l23) were inguinal. When absent, 9% 
(n=38) were intra-abdominal "vanishing" (ie, 
represented by a scar or blind-ending intra
abdominal spermatic vessels with or without a 
vas deferens), 34°;b (n= 148) were inguinal 
"vanishing," and I o/o (rz=5) demonstrated no vas 

deferens or vessels at all [ 8]. 
(Continued on next page) 
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t FIGURE 8-16. (Continued) Laparoscopy immediately indicates whether an abdominal testis is 
present or not. If present, a single-stage or staged laparoscopic orchidopexy may be accomplished. 
For the former, two additional trocars are introduced, the peritoneum is incised, and the testis is 

mobilized. The optical magnification present 
complements the precise vessel dissection needed 
in managing these high abdominal testes. If the 
vessels are short, single-stage clipping and vessel 
transection can be done, providing that the 
collateral blood supply is adequate along the vas 
deferens. If any doubt exists, the vessels may be 
clipped before mobilization and a staged laparo
scopic return may be done several months later, 
allowing adequate time for collateral vasal vesssel 
hypertrophy. Presently, the overalllaparoscopic 
experience has been favorable, but there are indi
cations that an overperformance of staged proce
dures and orchiectomy has occurred in the initial 
laparoscopic orchidopexy experience [29]. 

t FIGURE 8-17. Testis prostheses for absent testes. Testicular prostheses provide a cosmetic and 
psychologic benefit for boys with absent testes. Prosthesis placement in adolescent boys is essential 
and usually highly desired in this age group. Preadolescent placement in boys with absent testes is 
more controversial, but I personally recommend this approach. Early placement provides a sense of 
"normality" for the parents and, later, for the child. Scrotal growth and appearance are normal. In 
adolescence, the prosthesis is changed for an adult size. 

In the past, testicular prostheses have been made with a silicone interior and an outer silicone shell, 
but more recent models are available with a saline-filled interior and a silicone envelope exterior. 
Health concerns regarding the safety of silicone testicular implants have not stood the test of scientific 
scrutiny. Additional risks of implantation, such as infection, hematoma, and extrusion, are 
uncommon. Testicular prostheses should not be implanted through a scrotal incision in prepubertal 
boys because the thin skin allows extrusion to occur more easily. (Courtesy of Mentor Corporation, 
Santa Barbara, CA.) 

IV. Pediatric Urology 

94 



REFERENCES 

1. Llarthold JS: Cryptorchidism. In Campbel/s Urology, edn 6, update 11 Ed ited by 
Walsh PC Retik AB, Stamey TA, Vaughan ED Jr. Philadelphia: WB Saunders; 
19941-1 2. 

2. Momose Y, Coh DW, Hutson ]M: Calcitonin gene-related peptide stimulates 
motility of the gubernaculum via cyclic adenosine monophosphate. j Uro/1993, 
150:571-573. 

l. Gill B, Kogan SJ, Starr S, eta/: Significance of epididymal and ducta l abnormalities 
associated with testicular maldescenl. j Uro/1989, 142:556-558 . 

4. Kogan Sj: Clyptorchidism. In Clinical Pediatric Urology. Edited by Kelalis PP, King 
LR, Belman AB. Philadelphia: WB Saunders; 1992:1050-1083. 

5. Hadziselimovic F: Cryptorchidism. In Adult and Pediatric Urology. Edited by 
Cillenwater JY, Crayhack ]PT, Howards SS, Duckett JW Jr. St. Louis: CV Mosby; 
1991:2217- 2228 

6. Hadzise limovic F, Thommen L, Girard L Herzog 13: The significance of postnatal 
gonadotropin surge for testicular development in normal and cryptorchid testes. 
Uro/19R6, 136:274- 276. 

7. dPMuinck Keiser-Schrama S, Hazebroek FWJ, el a/.: Hormonal evaludtion of boys 
born w ith undescended testes during their first year of life. j C/in Endocrinol 
Metah 1988,66:159- 164. 

8. Cill 8, Kogan S]: Current concepts in cryptorchidism. Pediatr Clin North Am 1997, 
44:1 2 11. 

9. AtweiiJD: Ascent of the testis: fact or fiction. Br J Uro/1985, 57:474-477. 

10. lmthrun T, Hadziselimovic F, Herzog B: Impaired germ cells in secondary cryp
torchid testis after herniotomy.} Uro/1995, 153:780-781. 

11. Redman jF: Impalpable testes: observations based on 208 consecutive operations 
for undescended testes. j Uro/1980, 124:3 79- 381. 

12. Levitt SB, Kogan SJ, Engel RM, eta/.: The impalpable testis: a rational approach to 
m;magement. j Uro/1978, 120:515-520. 

13. Kogan SJ, Bennett BS, Smey P, eta/.: Human monorchidism: a clinicopathologica l 
study of unilateral absent testes in ()5 boys. j Uro/1986, 13 5:758- 760. 

14. Hrebinko RL, Bellinger MJ: The limited role of imaging techniques in managing 
children w ith undescended testes. J Uro/ 1993, 150:458-460. 

IS. Koff SA: Does compensatory testicular enlargement predict monorchidism? J Urol 
I 991 , 14():632-633. 

16. Kogan Sj: Work-up and management of the bilateral nonpalpable testis. In 
Common Problems in Pediatric Urology. Edited by Gonzales ET Jr, Roth D. St 
Louis: Mosby Yearbook; 1991:294- 305. 

17. Jarow IP, Berkowitz GD, Migeon CJ, eta/.: Elevation of serum gonadotropins 
establishes the diagnosis of anorchism in prepubertal boys with bilateral cryp
torchidism. j Uro/1986, 136:2 77- 279. 

18. liadziselimovic F, Herzog B, Buser M: Development of cryptorchid testes. Eur J 
Pediatr 1987, 146(supp1 ):8- 12. 

19. Puri P, O'Donnell B: Semen analysis of patients who had orchidopexy at or after 
seven years of age. Lancet 1988, 8614:1051 - 1 052 . 

20. Cooper AR: The histology of the retained testis in the human subject at different 
ages and its comparison w ith the scrotal testis. j Anat 1929, 64:5. 

21. Huff DS, Hadziselimovic F, Snyder H McC, eta /.: Early postnatal testi cular 
maldevelopment in cryptorch idism. J Um/1991 , 146:624-626. 

22. Hedinger C: f listopathology of the cryptorchid testes. In Cryptorchidism. Edited 
by Bieri ch JR, Giarola .A. New York: Academy Press; 1979:29-38. 

23. Cromie WJ: Cryptorchidism and malignant testicular disease. In Cryptorchidism 
Management and Implications. Edited by Hadziselimovic F. New York: Springer
Verlag; 1983 . 

24. Batata MA, Whitmore WF jr, Chu FCH, eta/.: Cryptorchidism and tes ti cular 
cancer. j Uro/1980, 124:382-3R7. 

25. Pottern LM, Brown LM, Hoover RN, ct a/.: Testicular cancer risk among young 
men: rol e of cryptorchidism and inguinal hernia. j Nat/ Cancer /ns/1985, 
74:377- 381. 

2G. Garagorri JM, Job JC, Canalorbe P, eta/.: Results of early treatment of cryp
torchidism w ith human chorionic gonadotropins. j Pediatr 1982, 101:923-927. 

27. flazebroek FWL DeMuinck Keizer-Schrama SMPF, van Maarschalkerweerd M, 
eta/.: Why luteinizing-hormone-releasing-hormone nasal spray will not replace 
orchiopexy in the treatment of boys with undescended testes. I Pediatr Surg 1 9R7 
2:11 77-11 80. 

28 . Lala R, Matarazzo P, C:hiabotto P, eta/.: Combined therapy with LHRH and HC:G 
in cryptorchid infants. Eur j Pedia tr 1993, 152:31 - 33 . 

29 . Ferro F, La is A, Gonzalez-Serva L: Benefits and afterthoughts of laparoscopy for 
the nonpalpable testis. j Uro/19%, 156:795- 798. 

Controversies Regarding Treatment of Undescended Testes 
o~------------------------------~~~------------------------------------------0 

95 



Urinary Tract Infections 
9 

William A. Kennedy II and 
Linda M. Dairiki Shortliffe 

J 

During the past 15 years, new imaging techniques and biologic probes 

have given further insight into the natural history and pathogenesis of 
urinary tract infections (UTis) in children. UTis are one of the common 

causes of fever in infants and young children. These infections are probably 
the most common cause for renal parenchymal loss in children. Thus, the 

goal of managing UTis in children is based on the early identification of 
factors that may increase the risk of renal parenchymal and functional loss. 

This chapter focuses on the host and bacterial mechanisms by which 

bacteria gain access to the bladder and kidney, examines the short- and 
long-term complications of renal infection, and discusses means of 

preventing renal damage. A detailed discussion is provided of the host 
and bacterial factors affecting the risk of bacteriuria and renal damage 

from UTis in children. P-fimbriae and cell wall 0 antigens frequently 

characterize the bacteria responsible for bacteriuria and renal scarring. 
Whereas such bacterial virulence characteristics may increase the likeli 
hood of any periurethral bacterial strain entering the urinary tract, there 
are also specific host characteristics that alter the risk of bacteriuria and 
subsequent renal damage. These factors include gender, periurethral colo

nization, uroepithelial adherence factors, age, preputial skin, and geni
tourinary tract anomalies. 

Good urinary specimens with which to make the diagnosis of UTI may 

be difficult to obtain in children. Accurate methods of urinary specimen 
procurement are reviewed. Microscopic and chemstick urinary analysis 
findings are an adjunct to a definitive urinary culture in the diagnosis of a 
UTI in children. Guidelines for the interpretation of urine culture resul.ts are 
also discussed. 

An algorithm for the effective use of radiologic imaging in the diagnosis 
and evaluation of UTis is presented. The therapeutic strategy in managing 
children with UTis is to first minimize renal damage at the time of the acute 

infection; the second is to minimize the risk of future renal damage from 

subsequent infections. This chapter also reviews current parenteral and oral 
antibiotics for acute treatment and outlines antibiotic prophylaxis for 
UTI prevention. 



INCIDENCE AND EPIDEMIOLOGY 

Boys > Girls 
Uncircumcised > Circumcised 

~----A_g_e _____ o_Y _____ 1_Y ___ ~S S 
Bacteriuria incidence 

Boys 2.7% 
Girls 0.7% 

Girls > Boys 

4y Sy 6y ~ 
Bacteriuria incidence V 
Boys 0.03%- 1.2% 
Girls 1.0%- 3.0% 

t FIGURE 9-1. Incidence and epidemiology of pediatric urinary tract 
infections (UTis). Boys are more likely than girls to get UTis during the 
first year of life [1,2]; during this period, uncircumcised boys have as high 
as 10 times the risk as circumcised boys of having a UTI [3,4]. 
Approximately 2.7% of boys and 0.7% of girls have had bacteriuria by age 
1 year [5]. This incidence decreases to less than 1% in school-age boys 
(ranging between 0.03% and 1.2% during the school year) but increases 
to 1% to 3% in school-age girls [6-8]. 

CLASSIFICATION 

Characterization of Bacteria 

Most common 
Serotypes 

Virulence factors 

Gram-negative Enterobacteriaceae (usually E. coli) 
Cell wall 0 antigen serotyping: 

E. coli serotypes 01, 02, 04, 06, 07, and 075 
MRHA 
Presence of P-fimbriae 

t FIGURE 9-2. Characterization of bacteria infecting the urinary tract. 
The most common of these bacteria are the gram-negative 
Enterobacteriaceae, usually Escherichia coli [2,10,11]. Specific cell wall 0 
antigens that can be identified by serotyping have shown that specific E. 
coli serotypes are associated with pediatric urinary tract infections 
(UTis) [2,11]. 

~p====={~U~TI J====~~ 

~ 
Symptomatic I ! Asymptomatic 

A 

Another bacterial trait that may increase its virulence for the urinary 
tract are surface structures called pili or fimbriae. The bacterial fimbriae 
mediate bacterial adherence to uroepithelial cells and red blood cell agglu
tination. Red blood cell agglutinating characteristics of E. coli, called 
hemagglutination, can be blocked by different sugars [12,13]. Using this 
characteristic, Kallenius et al. [14] discovered that pyelonephritogenic E. 
coli cause mannose-resistant hemagglutination (MRHA) of human red 
blood cells. Characterization of this reaction showed that the terminal 
glycolipid of the human red cell P blood group antigen is a receptor that 
binds P-fimbriae on these E. coli. Therefore, two important markers for E. 
coli virulence are MRHA characteristics and P blood group-specific 
adhesins (P-fimbriae or P-pili) [14, 15]. The importance of these two viru
lence markers has been supported by research examining their association 
with clinically diagnosed pyelonephritis and cystitis in the pediatric 
population [14,15]. 

t FIGURE 9-3. Classification of pediatric 
urinary tract infections (UTis). A, For practical 
purposes, pediatric UTis may be classified 
according to their evaluation and management: 
first infections and other (or recurrent) infections. 

(Continued on next page) 
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B. Classification of Pediatric Urinary Tract Infections 

First Infection 

Complicated 

Unresolved During Therapy 

Inadequate therapy 
Bacterial resistance 
Insufficient concentration of 
antimicrobial agent 

Proper culture and sensitivity 
required 

t FIGURE 9-3. (Continued) B, Recurrent infections may be subclassi
fied into three types [9]: 1) bacteriuria that remains unresolved during 
therapy, 2) bacterial persistence at an anatomic site, and 3) reinfections. 
Compared with adult UTis, first urinary infections in infants and children 
should be considered complicated because of the management and treat
ment implications surrounding these infections. 

Urinary tract infections may be unresolved because of inadequate 
therapy related to bacterial resistance to the selected therapeutic agent, 
inadequate antimicrobial urinary concentration caused by poor renal 
concentration or gastrointestinal malabsorption, or a multiple organism 
infection. Unresolved infections can usually be treated successfully after 

Recurrent Bacteriuria 

Bacterial Persistence 

GU anomaly harbors bacteria 
Infected kidney stones 
Infected nonfunctioning kidn ys 
Infected ureteral stumps 
Vesicointestinal fistula 
Vesicovaginal fistula 
Infected necrotic papillae 
Unilateral medullary sponge kidney 
Infected urachal cyst 
Infected urethral diverticulum or peri
urethral gland 

Reinfection 

Majority of pediatric UTI 
Same or different organism 
Reinfection rates 

Boys Age <1 y 18% 
Age >1 y 32% 

Girls Age <1 y 26% 
Age >1 y 40% 

proper culture and antimicrobial sensitivity patterns are obtained. In 
infants and children, sources of urinary tract bacterial persistence are 
usually found as a result of prompt radiologic evaluation. The discovery of 
urinary tract sources of bacterial persistence that are surgically correctable 
are obviously important. Most UTis are, however, reinfections with the 
same or a different organism. Girls are more likely to have recurrent infec
tions than are boys [2]. 

Infections that are asymptomatic or covert as designated by Savage [8] 
and found only on screening urinary culture when a child is being exam
ined for reasons unrelated to UTI can still be classified within these four 
types. GO-genitourinary. 

FACTORS 

GU abnormalities 
VUR 

Treatment 

Renal scarring 

{7 
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t FIGURE 9-4. Factors affecting the natural 
history of urinary tract infections (UTis). Host 
factors such as genetics, native immunity, 
gender, circumcision status, diet, and gut and 
periurethral colonization alter the course of 
UTis in children. A child's risk factors and the 
bacterial virulence may predict the course of a 
UTI; however, these factors alone have not been 
useful in predicting which individuals will 
develop pyelonephritis, renal scarring, or 
parenchymal and functional loss from a single or 
recurrent urinary infection. About 3% of girls 
and I% of boys will get a prepubertal UTI [2]; 
of these children, 17% or more will get infec
tion-related renal scarring. Of those with scar
ring, 10% w 20% will become hypertensive, 
and a rare child will develop progressive renal 
dysfunction culminating in end-stage renal 
disease (ESRD). GO-genitourinary; VUR
vesicoureteral reflux. 



DIAGNOSIS 

Symptoms of Urinary Tract Infection 

Symptom 
Fever 
~38 

~39 

Irr itable 
Poor feeding 
Vomiting 
Diarrhea 
Abdominal distention 
Jaundice 

Patients, % 

67 
100 
57 
55 
38 
36 
31 

8 
7 

Diagnosis of Pyelonephritis 

Test 
Clinical symptoms 
Fairley test 
Stamey test 
DMSA scan 

Ability to Diagnose 
+I
+ 
++ 
+++ 

t FIGURE 9-6. Diagnosis of pyelonephritis. The progression from 
cystitis to pyelonephritis and the relationship between these entities is 
difficult to determine because simple techniques with which to localize the 

t FIGURE 9-5. Symptoms of urinary tract infection (UTI). UTis are 
common causes of pediatric bacterial infections [16-18]. Febrile episodes 
account for about 20% of pediatric office visits [19], and UTis are the 
cause in about 4.1 o/o to 7.5% of these cases. In children younger than age 
2 years, symptoms of UTI are vague and generalized: fever, irritability, 
poor feeding, vomiting, diarrhea, and ill-appearance [20]. Specifically, in 
febrile infants from birth to 8 to 10 weeks of age, neither clinical symp
toms nor laboratory tests can be used to predict a presumptive UTI nor 
eliminate likelihood of a UTI even if other sites of infection are suggested 
clinically [17]. Older toilet-trained, talking children may indicate signs 
that better localize to the urinary tract, such as dysuria, suprapubic pain, 
voiding dysfunction, or incontinence, but many of these children still do 
not describe urinary tract symptoms. 

level and extent of urinary tract bacteria are lacking. Although ureteral 
catheterization has been the gold standard for localizing upper and lower 
tract bacteriuria, this requires invasive cystoscopy and is an impractical way 
of following the course of infection [21]. The Fairley bladder washout 
localization technique requires urethral catheterization during acute infec
tion and washing the bladder with sterile water to determine whether the 
source of bacteria is from the bladder or supravesical. In localization 
studies using the Fairley or ureteral catheterization techniques, however, 
clinical symptoms correlate poorly with location of bacteria. In one such 
study [22], fewer than half (47%) the patients with fever and flank pain 
had upper tract bacteria and almost 20% who were asymptomatic had 
upper tract bacteria. DMSA-dimercaptosuccinic acid. 

t FIGURE 9-7. Diagnosis of pyelonephritis using dimercaptosuccinic 
acid (DMSA) nuclear scan. Early renal cortical lesions from pyelonephritis 
can be detected by 99mTc DMSA nuclear scan. These lesions correlate 
with histopathologic areas of acute renal inflammation in animals; these 
models have advanced our knowledge of the natural history of urinary 
tract bacteriuria [23-26]. When DMSA lesions are used as the standard 
for diagnosing acute pyelonephritis, about 50% to 86% of children (about 
60% of kidneys) with febrile urinary tract infections (UTis) and other 
clinical signs have pyelonephritis [27-30]. About half (40% to 75%) of 
these lesions persist on DMSA scans performed 2 months to 2 years later 
[27,29], suggesting that as many as 40% to 50% of children with febrile 
UTis develop renal scars. 

Urinary Tract Infections 

100 



Urinary Tract Anomalies Associated with Infection 

Anomaly 
VUR 
Obstructive lesions 

Simple UTI, % 

21 - 57 
5-10 

DMSA + Pyelonephritis, % 

25-83 

t FIGURE 9-8. Urinary tract anomalies associated with infection. 

Children with urinary tract infections (UTis) have an increased incidence 

of both obstructive urinary tract lesions and vesicoureteral reflux (VUR) 

UDS Finding. % 

Normal filling 
cystometry, 34 

Large hypotonic 
bladder, 26 

Small-capacity 
hypertonic bladder 
with increased filling 
pressure, 26 

[ 

[ 
Hype<-refle,;c bladdeB ~ 
with involuntary 
detrusor contractions, 14 

~I 

11,2,11,31 ,32]. Children with febrile UTis and reflux have a high inci

dence of acute dimercaptosuccinic acid (DMSA) defects. Whether these 
acute defects result in scars is still debatable, but the risk of scarring 

increases with grade of reflux [33]. Older investigations have documented 

scars in 5% to 20% of kidneys with grade 1 reflux and in 50% or more of 

kidneys with grade 5 reflux [34-36] . Conversely, when renal scarring is 

used as the index and children with renal scarring are examined, about 

60% have VUR [1,8,32,37]. In 25% of children with renal scarring, the 

urinary tract is normal [37]. These data confirm that VUR is only one 

factor involved in the ascent of bacteria into the kidney and the subse

quent risk of renal scarring. 

t FIGURE 9-9. Urodynamic rest (UDS) results in normal children with 
recurrent urinary traer infections (UTis). Symptoms of nocturnal and 
diurnal incontinence are common in children with recurrent UTis. 

Epidemiologic studies have shown that nocturnal enuresis alone is unasso

ciated with UTis but that diurnal enuresis or a combination of diurnal 

and nocturnal enuresis is associated with pediatric UTis [38] . Girls who 

were 3 years of age or older when they had their first UTI were more likely 

to have symptoms associated with voiding dysfunction than those who had 
UTis when younger than age 3 years [38]. Approximately 20% of children 

who experienced recurrent UTis developed new diurnal enuresis with the 
onset of theses recurrent infections [39]. 

Urodynamic testing in neurologically normal children with recurrent 
UTis and incontinence has shown abnormal cystometry and voiding 

patterns [38,40-46]. Bauer et a!. [40] found that 34% had normal filling 
cystomerry, 26% had large hypotonic bladders, 26% had small capacity 

hypertonic bladders with increased intravesical filling pressure and sustained 

uncontrolled detrusor contraction at a low volume, and 14% had hyper

reflexic bladders showing uninhibited detrusor contractions during filling. 

Voiding dysfunction has also been described with staccato (ie, interrupted) 

urinary flows during voiding, showing increased pelvic floor activity during 
voiding with resulting incomplete bladder emptying [38,40,45,47,48]. 
Many of these children also have bowel dysfunction with constipation [49]. 
These findings do not establish causality between UTis and voiding 
dysfunction; however, UTis may initiate symptoms of bladder dysfunction 

with variable persistence. In some situations, treatment of constipation or 
voiding abnormalities (or both) has resulted in a decreased frequency of 
UTis [40-43,47- 50]. (Adapted from Bauer et a!. [401 .) 
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URINARY TRACT 

t FIGURE 9-10. The effect of bacterial infection on urinary tract 
urodynamics. Although acute renal infection can be caused by hematoge
nous dissemination, it is generally accepted that the vast majority of 
human urinary tract infections (UTis) are caused by periurethral bacteria 
ascending into the urinary tract [51]. The bacteria then infect the bladder, 
ureter, renal pelvis, and kidney. Research has emphasized the importance 
of pyelonephritis because of the potential renal damage; however, bacterial 
infection of the collecting system also causes bladder and ureteral inflam
mation and changes that alter urinary tract urodynamics [52,53]. The 

URODYNAMICS 

mechanism of ureteral dilatation observed during acute infection is 
unclear; animal studies show that UTis can cause abnormally elevated 
renal pelvic pressures even if (or especially if) vesicoureteral reflux is 
absent [54]. This supports the clinical observation that infection with 
certain pyelonephritogenic Escherichia coli may cause the temporary 
ureteral dilatation seen in children with acute pyelonephritis and other
wise normal upper collecting systems [55]. A, Acute UTI in the bladder. 
B, The bladder after infection. C, Acute UTI in the kidney. D, The 
kidney after infection. 
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t Fl G URE 9-11. Pathogenesis of bacteriuria and renal scarring. Children's 
kidneys scar more frequently than adults' kidneys. Renal scarring appears to 
be affected by at least five factors: 1) intrarenal reflux, 2) urinary tract pres
sure, 3) host immunity, 4) age, and 5) treatment. In 1974, Rolleston eta!. 
[56] found that areas of renal scarring were associated with foci of intrarenal 
reflux (ie, pyelorubular backflow) observed on voiding cystourethrography in 
children younger than age 4 years who had vesicoureteral reflux. Calyces 
allowing reflux contained papillae fused with adjacent papillae that caused 
the papillary ducts to open at right angles rather than at oblique angles more 
resistant to reflux [57]. These compound papillae were found most 
commonly at the renal poles, the areas in which clinical renal scarring is most 
commonly observed clinically [58]. (Adapted ftom Ransley [133].) 

t FIGURE 9-12. Patterns of renal scarring. Renal scarring occurs only when both vesicoureteral 
reflux (VUR) and bacteriuria are present [57]. Reflux alone without bacteriuria resulted in renal scar
ring only if the urethra was partially obstructed, causing abnormally high voiding [59,60]. 
Experimentally, therefore, the water hammer effect ofVUR and intrarenal reflux caused renal scar
ring only if reflux occurred with abnormally high bladder and renal pressures. 

1. Upper pole arring 

Renal scarring is characterized by parenchymal thinning over a deformed calyx as examined from 
intravenous pyelograms. The extent of scarring may be related to single polar scars; multiple areas of 
upper, lower, and medial scars; or generalized scarring, as depicted. (Adaptedftom Hodson [134].) 

2. Upp rand lower pole arring 

Factor 1 

Factor 2 
Factor 3 

-tJ 
arring 

Risk Factors for Renal 
Scarring in Young Children 

Neonatal kidneys are more susceptible to the 
water hammer effect 

Incompletely developed immune system 
Vague symptoms= delay in treatment 

t FIGURE 9-13. Risk factors for renal scarring in young children. 
Several factors suggest that the kidneys in young children are at greatest 
risk of renal scarring from bacterial pyelonephritis. First, the neonatal 
kidney may respond in different ways than the adult kidney to urinary 
backpressure and the water hammer effect and at different thresholds. 
Studies on normal neonates (children younger than age 1 month) reveal 
that whereas intrarenal reflux into compound calyces may be created at 

low pressures of2 mm Hg, the same reflux in a child 1 year old occurs at 
20 mm Hg. Furthermore, in autopsy studies of children younger than age 
12 years, intrarenal reflux occurs in all calyces, even simple ones, at 50 mm 
Hg [7 4]. This suggests that physiologically normal urinary intrapelvic 
pressures in adults or older children may be abnormally high in neonates. 
This effect may be augmented by increased renal pelvic pressures that may 
result from ureteral and pelvic smooth muscle dysfunction [54]. Second, 
very young children have incompletely developed immune and neurologic 
systems, which may allow bacteria to more easily colonize the bladder and 
kidney. Neurologic immaturity of the bladder may allow frequent unin
hibited bladder contractions to transmit their pressures to the upper tracts 
in even apparently normal children [75]. Bacteriuria combined with reflux 
in these children may result in greater susceptibility to renal damage. 
Third, neonatal symptoms of urinary tract infection and pyelonephritis are 
often vague and nonspecific, resulting in delayed or inadequate treatment. 
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t FIGURE 9-14. (See Color Plate) Microscopic changes associated with 
urinary tract infections (UTis). Renal infection stimulates both humoral and 
cellular immune responses. In experimental rat models of pyelonephritis, 
maximal renal suppuration and exudation with inflammatory infiltration 
occurs 3 to 5 days after the infection starts [61-66]. During the acute inflam
matory infiltration, granulocytic aggregation may cause vascular occlusion 
and ischemia with elevation in renin [67,68]. In addition, bactericidal 
activity of the neutrophils and the release of enzymes, superoxide, and 
oxygen radicals may cause the renal tubular damage observed in those with 
pyelonephritis [69]. Proximal and distal tubular dysfUnction results, causing 
reduced urinary concentrating ability [70], with increased fractional sodium 
excretion, decreased phosphate reabsorption, and increased low molecular 
weight protein excretion [71]. Clinical studies [72] have correlated decreased 
renal concentrating capacity with severity of renal scarring. Increased urinary 

Signs of Pyelonephritogenic Nephropathy 

Elevated plasma renin levels 
Significant proteinuria 
Glomerular sclerosis 
Inter titial deposits ofTamm-Horsfall protein 

t FIGURE 9-15. Signs of pyelonephritogenic nephropathy. There are 
several biochemical and histologic correlates of pyelonephritogenic 
nephropathy. The renin-angiotensin system is probably involved. Plasma 
renin activity has been followed in children with reflux nephropathy who 
have been surgically corrected. A single elevated plasma renin activity level 
at the time of surgery did not predict hypertension 5 years later [76]. 
However, the normal tendency for the plasma renin activity to decrease 
with increasing age was not seen; instead, the opposite was observed: 
plasma renin activity increased with age and the standard deviation 
increased [77]. 

For more than a decade, glomerular lesions and progressive proteinuria 
have been observed in patients who have renal scarring [78,79]. Significant 

retinol-binding protein (RBP, a tubular protein giving evidence of tubular 
dysfUnction) excretion has been correlated with the severity of renal scarring. 
Increased excretion of N-acetyl-B,D-glucosaminidase (NAG, an excretory 
protein indicating tubular damage) and albumin correlates mainly with bilat
eral renal scarring in children. These data suggest that tubular dysfUnction 
occurs before glomerular dysfUnction and commonly occurs in children with 
bilateral renal scarring [73]. 

A, Low-power microscopic examination of a renal biopsy with the renal 
capsule separated from underlying tissue secondary to fixation and under
lying hyalinized glomeruli, atrophic tubules, thickened arterioles, and 
diffuse chronic inflammatory cell infiltration (magnification reduced from 
40 X). B, High-power microscopic view of the area below the capsule in A 
with hyalinized glomeruli and diffuse chronic inflammatory infiltrate 
(magnification reduced from 400 X). 

proteinuria (>1 g/24h) has been a routine finding in patients with vesi
coureteral reflux (VUR) and progressive deterioration in renal function 
[79]. Moreover, certain investigators [78,80,81] have found glomerular 
sclerosis in nonscarred, radiologically normal kidneys in cases of unilateral 
reflux nephropathy. Two theories-one involving progressive renal damage 
from hyperfiltration of remaining nephrons and the other involving 
progressive immunologic damage to the kidney-have been postulated 
as causes. 

Another explanation for the progressive renal dysfunction involves a 
chronic inflammatory response that develops as an autoimmune phenom
enon. Although Tamm-Horsfall protein normally is found only in the 
urine and on the luminal side of the tubules, both clinically and experi
mentally the protein has been detected in interstitial deposits in kidneys 
that have been subject to infection or reflux and has been associated with 
mononuclear cell infiltrates and renal scarring [82]. This protein may 
account for findings of renal dysfUnction or scarring associated with 
urinary VUR without known infections, and the autoimmune response 
related to it may also provide a reason why chronic or progressive renal 
damage occurs long after cessation of reflux or active infections [82]. 
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I Host Factors Affecting Bacteriuria 

Gender 
Periurethral colonization 
Genetics (uroepithelial receptors) 
Age 
Preputial skin 
Nativ immunity 
Fecal colonization 
GU abnormalities 
VUR 
Pregnancy 
Neurogenic bladder 
Iatrogenic factors 

I 

t FIGURE 9-16. Host factors affecting bacteriuria. Although bacterial 
virulence characteristics may increase the likelihood that any periurethral 
bacterial strain will enter the urinary tract, there are specific host character
istics that alter risk of bacteriuria and subsequent renal damage. 

As discussed previously, the ratio of urinary tract infections (UTis) by 
gender shows a preponderance of infections in boys during the first year of 
life. Thereafter, more girls than boys have UTis. It is known epidemiologi
cally that the incidence ofUTis for all babies is higher during the first few 
weeks to months than at any subsequent time in the next few years. 
During this time, the periurethral area of healthy girls and boys is 
massively colonized with aerobic bacteria (especially Escherichia coli, enter
ococci, and staphylococci) [83). Increased periurethral colonization is 
associated with increased risk ofUTis. 

Glycolipids characterizing the P blood group system [84) may facilitate 
the adherence of bacterial P-fimbriae and cause increased bacterial colo
nization of the uroepithelium. Other blood group antigens on the urothe
lial surface (ABO, Lewis and secretor phenotypes) appear to also influence 
susceptibility to UTis [85). 

Age also affects the incidence of bacteriuria. Bacteriuria appears to be 
more common at the extremes oflife (ie, in newborns and the elderly). 
The incidence of bacteriuria for both males and females younger than age 
1 is higher than at other times during childhood. 

The preputial skin may also affect the incidence of bacteriuria. During 
the first few months of life, there seems to be a connection between UTis 
and the foreskin, periurethral, and preputial colonization. Although the 
reasons for this neonatal bacterial colonization of the foreskin may be 
related to interactive factors, including early immune status, unusual noso
comial colonization, breastfeeding [86), and other characteristics medi
ating bacterial adherence [87), this higher colonization is associated with a 
greater number of neonatal UTis. In a series of retrospective reviews at US 
Army Hospitals, Wiswell and Roscelli [88) found that the incidence of 
infections in circumcised male infants was 0.11 o/o; the incidence was 
1.12% in uncircumcised infants and was 0. 57% in female infants. The 
majority of infections occurred during the first 3 months of life. When the 
incidence of infections during the first and the final years of the study were 
compared, the total number ofUTis increased as the circumcision rate 
decreased [88,89], and Wiswell and Roscelli [88) concluded that UTis 
were more frequent in uncircumcised boys. Although there may be diffi
culties with these data related to retrospective analysis and selection bias, 
periurethral colonization has been associated with increased risks ofUTis 
in girls and women as well. There is no evidence that prophylactic circum
cision after a neonatal UTI will prevent future infections in boys. 

Another factor is native immunity. The influence of the host's native 
cellular and humoral immunity on risk of UTI is unknown, but UTis are 
common in infants and young children during a time that their immune 
system is incompletely developed. For example, serum IgG is lowest 
between age 1 and 3 months [90], when periurethral colonization is high 

in normal children. Secretory IgA, moreover, is an important human 
immunoglobulin at the secretory and mucosal surface and may be trans
ferred to newborns in colostrum if the child is breastfed. Serum IgA is 
found in diminished concentrations for the first several months of life and 
is either absent or almost absent at the secretory surfaces of the 
nasopharynx, gut, and urothelium during this time [91-93). The benefits 
of breast milk in preventing infection in infants have been expounded for 
some time, but it is unclear whether its effect is related to colostral IgA or 
other factors. Children with specific immune deficiency syndromes have 
altered immunity and often have increased risk of bacteriuria and progres
sion of infection. About 20% of HIV-infected children develop bacterial 
UTis with both common and opportunistic organisms [94). 

Another factor is fecal colonization. The human fecal flora depends on 
surrounding microbial ecology, native immunity, and microbial-altering 
drugs and foods. The importance of abnormal fecal colonization in 
neonates is emphasized by studies [95) showing that fecal colonization 
with specific pyelonephritogenic bacteria may occur in a neonatal nursery 
or hospital with subsequent bacteriuria or pyelonephritis occurring several 
months later. 

Genitourinary (GU) anatomic abnormalities also affect the incidence of 
bacteriuria. Historically, UTis have been markers for GU tract anatomic 
abnormalities in children. Specific GU abnormalities, especially nonfunc
tioning segments, may serve as a nidus of bacterial infection and cause 
bacterial persistence because of the difficulty in achieving urinary antimi
crobial concentrations adequate to treat UTis in a poorly concentrating 
renal segment. Similarly, conditions of GU partial obstruction or renal 
functional impairment may create increased risk of renal damage because 
of poor or inadequate treatment. Several special conditions that may alter a 
child's risk for UTis include vesicoureteral reflux (VUR), pregnancy, and 
neurogenic bladder. 

VUR is common in children with UTis, but no correlation between 
reflux and susceptibility to UTis has been found [2). Epidemiologic 
surveys have shown that 21 o/o to 57% of children who have had bacteri
uria are subsequently found to have VUR [1,11,31,32). 

Primary VUR that persists as a girl approaches puberty becomes statisti
cally less likely each year to spontaneously resolve. For this reason, some 
have recommended that girls approaching puberty undergo surgical 
correction ofVUR to avoid the risks of pyelonephritis during future preg
nancies. Whether these girls are actually at increased risk of morbidity and 
should undergo routine correction ofVUR is unclear. Although the preva
lence of bacteriuria in pregnant women is the same as that in nonpregnant 
women [96], the likelihood that the bacteriuria may progress to 
pyelonephritis is greatly increased. Between 13.5% and 65% of pregnant 
women who are bacteriuric on a screening urinary culture will develop 
pyelonephritis during pregnancy ifleft untreated [97]; uncomplicated 
cystitis in nonpregnant women rarely progresses to pyelonephritis. The 
reason for this increased risk of pyelonephritis may be related to the 
hydronephrosis of pregnancy that occurs from hormonal and mechanical 
changes. Increased compliance of the bladder and collecting system, 
bladder enlargement, and an enlarging uterus may cause some anatomic 
displacement of the bladder and ureters [98). 

Children who have neurogenic bladders with abnormally elevated 
bladder pressures risk increased renal damage from UTis from the elevated 
urinary tract pressures and the increased use of instruments common with 
the condition. A neurogenic bladder with chronically or intermittently 
elevated bladder pressures may cause secondary VUR from decompensa
tion of the ureterovesical junction from the elevated pressure [99). If this 
does not occur, the elevated bladder pressures associated with a neurogenic 
bladder may also cause effective ureterovesical obstruction. This obstruc
tion increases the risk of renal damage associated with UTis. Intermittent 
elevations in bladder pressure associated with physiologic bladder 
dynamics in the immature bladder may exacerbate VUR and the risks 
associated with it. 

(Continued on next page) 
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t FIGURE 9-16. (Continued) Iatrogenic factors may also affect the 
incidence of bacteriuria. Although there are no good data regarding risk of 
catheter-induced infections in children, the incidence of catheter-induced 
UTI in adult women ranges from 1% to 20%, depending on the circum
stances of catheterization [21]. It has been documented [100,101] that 
nosocomial UTis frequently complicate hospitalization in children, espe-

cially when urethral catheterizaton has taken place. Children who develop 
hospital-acquired UTis, have urinary tract abnormalities, have recently 
been instrumented, or have had recent antimicrobial treatment are more 
likely to have infections caused by unusual and more antibiotic-resistant 
organisms [102]. 

URINALYSIS 

Urinary Specimen Procurement 

Plastic bag 
Midstream void 
Urethral catheter aspirate 
Suprapubic bladder aspirate 

t FIGURE 9-17. Urinary specimen procurement. With children, it may 
be difficult to obtain good urinary specimens with which to make the 
diagnosis ofUTis. The reliability of the diagnosis is related to the quality 
of the specimen. There are four routine ways to obtain urinary specimens 
in children. They are listed in order of least to most reliable for UTI 
diagnosis [103]: 1) plastic bag attached to the perineum (ie, a bagged 
specimen, 2) midstream void, 3) catheterized, or 4) suprapubic 
bladder aspirate. 

Even after extensive skin cleansing, a plastic bag specimen usually reflects 
the perineal and rectal flora and often leads to indeterminate results. 
Although a midstream-voided specimen in a circumcised boy, older girl, or 
older uncircumcised boy who can retract his foreskin may reliably reflect 
bacteriuria, such specimens obtained in young girls and uncircumcised boys 
usually reflect periurethral and preputial organisms and cells. A catheterized 
specimen is reliable if the first portion of urine that may contain urethral 
organisms is discarded and the specimen is taken from later flow through the 
catheter; however, this has the disadvantages of being traumatic and poten
tially introducing urethral organisms into a sterile bladder [100,101]. The 
most reliable urinary specimen for culture is obtained by suprapubic bladder 
aspiration. This can be performed safely in children and even premature 
infants with a full bladder by cleansing the skin and percutaneously intro
ducing a 21- or 22-gauge needle 1 to 2 em above the pubic symphysis until 
urine is obtained by aspirating into a sterile syringe [104]. Organisms present 
in a suprapubic aspirate are pathognomonic of bacteriuria. 

A. Determinations from Urinalysis Supporting 
the Diagnosis of Urinary Tract Infections 

Pyuria 
Bacteriuria 
Urine leukocyte esterase 
Urinary nitrate 

Microscopic analysis 
Microscopic analysis 
Chemical dip analysis 
Chemical dip analysis 

t FIGURE 9-18. (See Color Plate) Urinalysis. A, Determinations from 
urinalysis supporting the diagnosis of urinary tract infections (UTis). 
Quantitative urinary culture is the gold standard for the diagnosis ofUTis. 
Because it may take 24 or more hours before bacterial colony-forming 
units (CFUs) grow and the culture is complete, indirect urinary tests may 
be performed with routine urinalysis to detect the presence of bacteria or 
byproducts. Four determinations from the urinalysis have been advocated 
as useful for supporting a diagnosis ofUTis: 1) microscopic urinary exam
ination for white blood cells (pyuria), 2) microscopic urinary examination 
for bacteria, 3) urinary leukocyte esterase, and 4) urinary nitrite. 

B, Identification of components in urine. Although there are many 
confounding factors, the microscopic identification of bacteria in the urine 
is generally more sensitive and specific for diagnosing UTis than for identi
fYing pyuria [1 05,1 06]. Urinary leukocyte esterase detects urinary esterases 
produced by the breakdown of white cells in the urine, so it depends on the 
presence of white cells that may or may not be present with the infection. 
The test may be less reliable in infants [107]. Dietary nitrates that are 
reduced to nitrite by many gram-negative urinary bacteria may be measured 
by the urinary nitrite test. Serious drawbacks of this test are that bacterial 
reduction to nitrates may take several hours, making the test most useful 
only on first morning voided specimens. Most gram-positive bacteria do not 
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perform this reduction. These tests are more 
unreliable when the bacterial count is below 
100,000 CFU/mL. (Part B courtesy of 
Boehringer Ingelheim Gmbh, Germany.) 



Method of Collection 
Cleanly voided (male) 
Cleanly voided (female) 

Catheterization 

Suprapubic aspirate 

Culture Criteria for Urinary 
Tract Infection Diagnosis 

Colony Count (Pure Culture) 
>104 

Three specimens: > 1 o5 
Two specimens: >105 

One specimen: >105 
5 X 104-10S 
1-5 X 104 

1-5 X 104 

<104 

>105 

104-105 
103-104 

<lol 
Gram-negative bacilli: any number 
Gram-positive cocci: >few thousand 

Probability of Infection 
Infection likely 
95% 
90% 
80% 
Suspicious; repeat 
Symptomatic 
Suspicious; repeat 
Asymptomatic 
Infection unlikely 
Infection unlikely 
95% 
Infection likely 
Suspicious; repeat 
Infection unlikely 
>99% 
>99% 

t FIGURE 9-19. Culture criteria for urinary 
tract infection (UTI) diagnosis. The technique 
by which the urinary specimen is collected is 
related to its reliability for UTI diagnosis [108]. 
Although 3100,000 colony-forming units/mL 
(CFU/mL) of voided urine is the traditional 
definition for a clinically significant UTI [ 1 09], 
other studies [110, 111] have shown that 
2 10,000 CFU/mL or fewer organisms on a 
voided specimen may indicate a significant UTI. 
In febrile children younger than age 2 years, 
Hoberman eta!. [107] showed that 350,000 
CFU/mL in catheterized specimens constitutes a 
significant UTI. 

PROPHYLAXIS 

Antimicrobial Drugs Useful for Treating 
Pediatric Urinary Tract Infections 

Parenteral 

Aminoglycosides 
Gentamicin 

Penicillins 
Ampicillin 
Piperacillin 

Oral 
Penicillins 

Amipicillin 
Amoxicillin 
Augmentin 

Sulfonamides 
Sulfisoxazole 
Trimethoprim-sulfamethoxazole 

Cephalosporins 
Cefazolin 
Cefotaxime 
Ceftriaxone 
Ceftazidime 

Other 
Vancomycin 

Cephalosporins 
Cephalexin 
Cefaclor 
Cefixime 
Cefadroxil 
Cefprozil 

Other 
Nitrofurantoin 

t FIGURE 9-20. Antimicrobial agents useful for treating pediatric 
urinary tract infections (UTis). The therapeutic strategy in managing pedi
atric UTis is to first minimize renal damage during acutely diagnosed 
UTis and then to minimize the risk of future renal damage from subse
quent infections. Rapid recognition of a UTI and rapid, appropriate 
antimicrobial treatment are keys to preventing renal damage. 

Treatment depends on the child's age and severity of illness. Parenteral 
broad-spectrum antimicrobial agents should be used to treat children 
younger than age 2 to 3 months with a presumptive UTI who look 
severely systemically ill or have a fever or flank or abdominal pain and are 
unable to take fluids. Immune-compromised children should also be 

treated with parenteral broad-spectrum antimicrobial agents. They should 
be considered for hospitalization or outpatient parenteral treatment 
depending on the child's clinical status. In appropriate infants and young 
children with presumptive UTis who are taking fluids and have coopera
tive and reliable parents, some of the newer third-generation 
cephalosporins allow once-daily outpatient parenteral therapy. Parenteral 
treatment is generally continued for 2 to 4 days until the fever is gone and 
bacterial sensitivities are available and the child is clinically improved 
(afebrile and able to take fluids with sterile urine) to allow treatment with 
a drug with narrower spectrum. They may then be switched to an appro
priate oral antimicrobial agent that attains adequate serum levels. 
Although the duration of treatment is debatable, the total duration of 
therapy has extended from 7 to 10 days in most studies involving treat
ment of young children with febrile UTis. 

Less ill older infants and young children who have presumptive UTis 
and are capable of taking fluids and oral medicines may be treated with an 
antimicrobial agent that has a broad spectrum for genitourinary 
pathogens. Quinolones are useful because of their broader antimicrobial 
spectrum and special activity against Pseudomonas aeruginosa, but usage of 
this drug is limited in children because of studies showing quinolone
induced cartilage toxicity in young animals. With careful monitoring, 
limited quinolone usage has shown no cartilage-related toxicities, and an 
abnormal urinary tract with upper UTI with P aeruginosa may be a poten
tial indication for usage [ 112]. 

In school-age children who do not appear systemically ill and have a 
clinically uncomplicated bladder infection, many oral broad-spectrum 
antimicrobial agents that are well tolerated will cure the uncomplicated 
UTI in 3 to 5 days; there are no advantages to longer therapy [ 113-116]. 
In some of these children, single-dose treatment, particularly with intra
muscular aminoglycoside, may be curative and cause less fecal antimicro
bial resistance [ 117,118]; however, single doses may not be quite as effec
tive as 3 to 5 days of treatment in unselected children [ 118, 119]. 
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Reasons for Urinary Tract Prophylaxis 

VUR 
Unstable urinary tract abnormality (eg. partial urinary tract 

t FIGURE 9-21. Reasons for urinary tract prophylaxis. Urinary prophy
lactic antimicrobial agents are effective in varying degrees in preventing 
bacteriuria under certain circumstances. In children, these agents are most 
commonly used to prevent urinary tract infections (UTis) in the situations 
listed. VUR-vesicoureteral reflux. 

obstruction) 
Normal urinary tract but frequent reinfections 
Awaiting radiologic evaluation after UTI 
Urethral instrumentation 
Clean intermittent catheterization 
Immunosuppressed or immunocompromised 
Infants with first UTI before age 8 to 12 weeks of life 

Oral Antimicrobial Agents Useful for 
Pediatric Urinary Tract Prophylaxis 

Drug 

Useful and tested 
Nitrofurantoin 
Trimethoprim-sulfamethoxa
zole 
Cephalexin 

Possibly useful 
Amoxacillin 
Sulfisoxazole 
Trimethoprim 

•lndicate5 few dilta. 

Daily Dosage, mgllcg/d 

1-2 
2- 3(trimethoprim) 
2- 3 

5 
25- 50 
2 

Age Limitations, mo 

>1 
>2 

>2 
>2* 

t FIGURE 9-22. Oral antimicrobial agents useful for pediatric urinary tract prophylaxis. The ideal 
prophylactic agent should have low serum levels, high urinary levels, and minimal effect on the normal 
fecal flora and be well tolerated and inexpensive. Because these agents are generally concentrated in the 
urine, the urinary drug levels should be much higher than the drug levels found simultaneously in 
serum, gut, or tissue, and if sufficiently low, antimicrobial resistance patterns should not develop in the 
gut. This characteristic of the prophylactic antimicrobial agents is most likely dose related, so inappro
priately high dosing for prophylaxis is less effective because bacterial resistance will be created [120]. 
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Doubling or tripling the dose of prophylactic 
antimicrobial agent each time a child develops the 
slightest symptom or cold may be, moreover, 
destroying the prophylactic value of the agent. 

Because urinary prophylaxis is usually initiated 
after treatment of an infection for which long
term (10 days), high-dose treatment was given, 
the fecal flora may already be resistant to the 
treating drug and many of the prophylactic 
agents. Children who are very susceptible to 

urinary tract infections may then become rein
fected with a bacteria resistant to the prophylactic 
agent before the gut is repopulated with more 
normal flora. This accounts for frustrating break
through infections that occur soon after a child is 
placed on prophylactic antimicrobial agents or 
after treatment of other frequent infections such 
as otitis media. For this reason, the treating 
antimicrobial agent should not necessarily be the 
prophylactic agent. In continent children, urinary 
tract prophylactic antimicrobial drugs should be 
given once nightly when they will be excreted 
into and remain in the urine overnight. 
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Surveillance: 

periodic VCUG + 
RBUS +1- surgery 

No further 
radiologic 
evaluation 

t FIGURE 9-23. Radiologic evaluation of patients with urinary tract 
infections (UTis). Imaging studies are basic to urinary tract evaluation for 
infection. The goal of management of patients with UTis is to minimize 
renal damage from the acute infection and minimize the future risk of 
renal damage. With the multiple imaging modalities available, however, 
the most efficient and rational order and selection of studies must be made 
with this goal in mind. Radiologic imaging can be used to 1) evaluate and 
localize the acute URI, 2) detect renal damage from the acute infection, 3) 
identify genitourinary anatomy that increases the risk of future renal 
damage from infection, and 4) evaluate change in the urinary tract over 
time. Deciding which studies are necessary in a child with a presumptive 
or diagnosed UTI should depend on whether potential radiologic findings 
would change the child's clinical management. 

Early urinary tract imaging is important in seriously ill and febrile 
children in whom the site of infection is unclear and in those who have 
unusual circumstances. Circumstances that may warrant acute or early 
urinary tract imaging include newly diagnosed azotemia; a poor 
response to appropriate antimicrobial drugs after 3 to 4 days; an unusual 
infecting organism (eg, tuberculosis or urea-splitting organism such as 
Proteus spp.); known partial obstruction (eg, ureterocele, ureteropelvic 
junction obstruction, megaureters, nonfunctioning or poorly func-

tioning renal units); a history of diabetes or papillary necrosis; and 

neuropathic bladder. 
If treatment depends on localizing the infection to the kidney, an acute 

imaging study should be performed. This is particularly important in 
severely ill, hospitalized children who improve on initial parenteral treat
ment, but urinary cultures are inadequate or indeterminate for bacterial 
infection. An acute dimercaptosuccinic acid (DMSA) scan may show if 
acute renal inflammation is present and justify treatment or not. If, on the 
other hand, a UTI appears highly likely and antimicrobial treatment will 
be started regardless of radiologic findings, early DMSA scintigraphy is 
probably unnecessary. 

Because UTis in infants and young children may serve as markers for 
anatomic abnormalities, the child should be maintained on antimicrobial 
prophylaxis after the initial UTI has been adequately treated and radiologic 
studies performed to delineate the urinary tract. Although there is controversy 
on whether studies should be performed after the first or recurrent episode, if 
obstructive lesions are found in 5% to 10% of children and reflux occurs in 
21% to 57% [1, 11,31 ,32], early detection of these abnormalities merits full 
radiologic urinary tract evaluation after the first infection in young children. 
This usually consists of some form of renal and upper collecting system evalua
tion and a voiding cystourethrogram (VCUG). As previously emphasized, chil
dren's kidneys are prone to renal scarring, so evaluation of the renal 
morphology and documentation of any anomalies or scarring may be impor
tant to a child's management. Acute studies of the kidney, however, may cause 
overestimation of the renal size resulting from initial edema or lack of apprecia
tion of renal scarring because mature renal scars may take up to 2 years to be 
seen by certain imaging techniques [121-125]. As a result, later studies may 
show smaller or scarred kidneys that may be misinterpreted and cause inappro
priate changes in patient management. Obviously, obstruction and other 
anatomic abnormalities demonstrated by radiologic evaluation may require 
other evaluation specific to their diagnosis before definitive management is 
made. Patients in these situations need to be evaluated and treated individually. 

Follow-up evaluation is important. When a child who has a UTI has no 
abnormality found after urinary tract radiologic evaluation, no further 
studies are routinely prescribed. If the collecting systems were normal but 
one or both kidneys showed massive generalized or focal edema with areas 
of possible hypoperfusion during the acute infection, a subsequent study 
should be performed to examine the kidney for signs of renal scarring or 
shrinkage. In this way, children who need to be reexamined for later renal 
dysfunction may be identified. If a child has recurrent symptomatic 
pyelonephritis and no reflux found on previous fluoroscopic VCUG, a 
nuclear VCUG may be more sensitive at revealing reflux although less 
likely to define it [126,127]. RBUS-renal/bladder ultrasounds; VUR
vesicoureteral reflux. 
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t FIGURE 9-24. Voiding cystourethrography (VCUG). VCUG is the most important examination in assessing vesicoureteral 

reflux (VUR) in children, and as such, is important for assessing urinary tract infections (UTis). VCUGs may be performed 

either with fluoroscopy and iodinated contrast or with nuclear imaging agents (usually 99mtechnetium-pertechnetate) using 

similar techniques. Traditional fluoroscopic VCUGs (A) can show urethral and bladder abnormalities and VUR. Radionuclide 

VCUGs (B) may be more sensitive for reflux detection, but it offers poorer spatial resolution so that urethral lesions, degree of 

reflux, and details of the collecting system may not be visualized. The main advantage of radionuclide VCUG has been the lower 

radiation exposure of 1 to 5 mrad (ovarian dose) compared with 27 to 1000 mrad (previously reported ovarian exposure 

depending on equipment) [128, 129]. With modern imaging technology and a tailored examination, however, fluoroscopic 

VCUG has been done with 1.7 to 5.2 mrad [130]. In general, radionuclide VCUG may be most useful for VUR screening, for 

evaluating UTis in older children who have lower risk ofVUR, or for periodic reflux reevaluation [129]. Radionuclide VCUG 

should not be used to evaluate infections in infants or young boys in whom risk of genitourinary abnormality is high and 

urethral visualization important, nor in any child in whom imaging resolution of the lower urinary tract is important. 

The VCUG may be performed as soon as the urine is sterile. Studies have shown that UTis do not cause VUR, and even if 

reflux were associated with inflammation, this would be important to know and could alter management [131]. Whether a 

VCUG is done during treatment, immediately after, or a few weeks afterwards is not important as long as the child has normal 

renal function, responds rapidly to antimicrobial treatment, and is maintained on prophylactic antimicrobial treatment to keep 

urine sterile in the interval between the herald infection and the radiologic evaluation. 

REFERENCES 

1. Asscher AW, Mclachlan MSF, Verrier-janes R, eta/.: Screening for asymptomatic 
urinary-tract infection in schoolgirls: a two-centre feasibility study. Lancet 1973, 
2(7819):1-4. 

2. Winberg J, Anderson HJ, Bergstrom T, eta/.: Epidemiology of symptomatic urinary 
tract infection in childhood. Acta Paediatr Scand 1974, 252(suppl):1-20. 

3. Rushton H, Majd J: Pyelonephritis in male infants: how important is the foreskin? 
j Uro/1992, 148:733-736. 

4. Wiswell T, Hachey W: Urinary tract infections and the uncircumcised state: an 
update. Clin Pediatr 1993, 32:130-134. 

5. Wettergren B, Fasth A, jacobsson B, eta/.: UTI during the first year of life in a 
Gi:iteborg area 1977-79. Pediatr Res 1980, 14:981. 

6. Asscher AW: Urinary tract infection: the value of early diagnosis. Kidney tnt 
1975, 7:63-67. 

7. Bailey RR: A overview of reflux nephropathy. In Reflux Nephropathy. Edited by 
Hodson J), Kincaid-Smith P. New York: Masson Pub I USA Inc; 1979:3-13. 

8. Savage DCL: Natural history of covert bacteriuria in schoolgirls. Kidney lnt 1975, 
8(suppl):90-95. 

9. Stamey TA:A clinical classification of urinary tract infections based upon origin 
[editorial]. South Med J 1975, 68:934. 

10. Bergstrom T: Sex differences in childhood urinary tract infection. Arch Dis Child 
1972, 47:227-232. 

11. Kunin CM, Deutscher R, Paquin A: Urinary tract infection in school children: an 
epidemiologic, clinical and laboratory study. Medicine 1964, 43:91-130. 

12. Duguid JP, Clegg S, Wilson Ml: The fimbria I and nonfimbrial hemagglulinins of 
Escherichia coli. J Med Microbio/1978, 12:213. 

13. Svanborg Eden C, Hanson LA: Escherichia coli pili as possible mediators of 
attachment to human urinary tract epithelial cells. Infect lmmun 1978, 21:229. 

14. Kallen ius G, Mollby R, Svenson SB, eta/.: Occurrence of P-fimbriated Escherichia 
coli in urinary tract infections. Lancet 1981, 2:1369-1372. 

15. Vaisanen V, Elo J, Tallgren LG, el a/.: Man nose-resistant haemagglutination and P 
antigen recognition are characteristic of Escherichia coli causing primary 
pyelonephritis. Lancet1981, 2:1366-1369. 

16. Bonadio W, Webster H, Wolfe A, Gorecki D: Correlating infectious outcome with 
clinical parameters of 1130 consecutive febrile infants aged zero to eight weeks. 
Pediatr Emergency Care 1993, 9:84-86. 

17. Crain E, Gershel ): Urinary tract infections in febrile infants younger than 8 weeks 
of age. Pediatrics 1990, 86:363-367. 

18. Hoberman A, Chao H, Keller 0, eta/.: Prevalence of urinary tract infection in 
febrile infants. I Pediatr 1993, 123:17-23. 

19. Eggli D, Tulchinsky M: Scintigraphic evaluation of pediatric urinary tract infec
tion. Semin Nucl Med 1993, XXIII:199-218. 

20. Ginsburg CM, McCracken GHJ: Urinary tract infections in young infants. 
Pediatrics 1982, 69:409-412. 

IV. Pediatric Urology 

110 



21. Stamey TA: Pathogenesis and Treatment of Urinary Tract Infections. Baltimore: 
Williams and Wilkins; 1980. 

n. Rusch R, Huland H: Correlation of symptoms and results of direct bacterial local
ization in patients with urinary tract infections. j Uro/1984, 132:282-285. 

23. Giblin J, O'Connor K, Fildes R, eta/.: The diagnosis of acute pyelonephritis in the 
piglet using single photon emission computerized tomography dimercaptosuc
cinic acid scintigraphy: a pathological correlation. j Uro/1993, 150:759-762. 

24. Parkhouse H, Godley M, Cooper J, eta/.: Renal imagining with 99Tcm-labelled 
DMSA in the detection of acute pyelonephritis: an experimental study in the pig. 
Nucl Med Common 1989, 10:63-70. 

25. Wikstad I, Hannerz L, Karlsson A, eta/.: 99m Tc DMSA renal cortical scintigraphy 
in the diagnosis of acute pyelonephritis in rats. Pediatr Nephro/1990, 4:331-334. 

26. Zafaranloo S, Gerard P, Bryk D: Xanthogranulomatous pyelonephritis in children: 
analysis by diagnostic modalities. Ural Radio/1990, 12:18-21. 

27. Benador D, Benador N, Slosman D, eta/.: Cortical scintigraphy in the evaluation 
of renal parenchymal changes in children with pyelonephritis. j Pediatr 1994, 
124:17-20. 

28. Jakobsson B, Berg U, Svensson L: Renal scarring after acute pyelonephritis. Arch 
Dis Child1994, 70:111-115. 

29. Rushton H, Majd M: Dimercaptosuccinic acid renal scintigraphy for the evalua
tion of pyelonephritis and scarring: a review of experimental and clinical studies. 
j Uro/1992, 148:1726-1732. 

30. Verber I, Meller S: Serial 99mTc dimercaptosuccinic acid (DMSAI scans after 
urinary infections presenting before the age of 5 years. Arch Dis Child 1989, 
64:1.'>33-1537. 

31. Abbott GD: Neonatal bacteriuria: a prospective study in 1460 infants. Br Med I 
1972, 1:267. 

32. Newcastle-Asymptomatic-Bacteriuria-Research-Group: Asymptomatic bacteriuria 
in schoolchildren in Newcastle upon Tyne. Arch Dis Child 1975, 50:90. 

33. Jakobsson B, Nolstedt L, Svensson L, eta/.: 99mTechnetium-dimercaptosuccinic 
acid scan in the diagnosis of acute pyelonephritis in children: relation to clinical 
anrJ radiological findings. Pediatr Nephro/1992, 6:328-334. 

34. Govan DE, Fair WR, Friedland GW, Filly RA: Management of children with 
urinary tract infections, the Stanford experience. Urology 1975, V\:27.1-286. 

35. Ozen HA, Whitaker RH: Does the severity of presentation in children with vesi
coureteric reflux relate to the severity of the disease or the need for operation? Br 
j Uro/1987, 60:110-112. 

. "16. Skoog SJ, Belman AB, Majd M: A nonsurgical approach to the management of 
primary vesicoureteral reflux. j Uro/1987, 138:941-946. 

37. Ditchfield M, De Campo F, Cook Dj, eta/.: Vesicoureteral reflux: an accurate 
predictor of acute pyelonephritis in childhood urinary tract infection? Radiology 
1994, 190:413-415. 

38. Hansson S: Urinary incontinence in children and associated problems. Scand J 
Ural Nephro/1992, 141 (supp1):47-55. 

39. S0rensen K, Lose G, Nathan E: Urinary tract infections and diurnal incontinence 
in girls. Eur j Pediatr 1988, 148:146-147. 

40. Bauer SB, Retik AB, Colodny AH, eta/.: The unstable bladder of childhood. Ural 
Clio NorthAm 1980,7:321-336. 

41. Kass Ej, Diokno AC, Montealegre A: Enuresis: principles of management and 
result of treatment. j Uro/1979, 121 :794-796. 

42. Koff SA: Bladder-sphincter dysfunction in childhood. Urology 1982, 
XIX:457-461. 

43. Koff SA, Lapides j, Piazza D\-1: Association of urinary tract infection and reflux 
with uninhibited bladder contractions and voluntary sphincteric obstruction. j 
Uro/t979, 122: 373-376. 

44. Kondo A, Kobayashi M, Otani T, eta/.: Children with unstable bladder: clinical 
and urodynamic observation.} Uro/1983, 129:88-91. 

45. Passerini-Giazel G, Cisternino A, Camuffo MC, eta/.: Video-urodynamic studies 
of minor voiding dysfunctions in children: an overview of 1.1 years' experience. 
Scand jUral Nephro/1992, 141 (supp\):70-84. 

46. Qvist N, Kristensen ES, Nielsen KK, eta/.: Detrusor instability in children with 
recurrent urinary tract infection and/or enuresis. Urollnt 1986, 41:196-198. 

47. vanGool JD, Vijverberg MAW, dejong TPVM: Functional daytime incontinence: 
clinical and urodynamic assessment. Scand jUral Nephro/1992, 
141 (suppl):58-69. 

48. Kj0lseth D, Knudsen LM, jadsen B, eta/.: Urodynamic biofeedback training for 
children with bladder-sphincter dyscoordination during voiding. Neurourol 
Urodyn 1993, 12:211-221. 

49. O'Regan S, Yazbeck S, Schick E: Constipation, bladder instability, urinary tract 
infection syndrome. Clin Nephro/1985, 23:152-154. 

50. vanGool JD, Vijverberg MAW, Messer AP, eta/.: Functional daytime incontinence: 
non-pharmacological treatment. Scand j Urol Nephro/1992, 141 (suppli:93-1 03. 

51. Kaijser B, Larsson P: Experimental acute pyelonephritis caused by enterobacteria 
in animals: a review. j Uro/1982, 127:786. 

52. Boyarsky S, Labay P: Ureteral Dynamics: Pathophysiology, Drugs, and Surgical 
Implications. Baltimore: Williams & Wilkins; 1972. 

53. Hinman F.: Peristalsis in the diseased ureter: a brief summary of current knowledge. 
In Urodynamics: Hydrodynamics of the Ureter and Renal Pelvis. Edited by Boyarsky 
S, Gottschalk C, Tanagho E, Zimskind P. New York: Academic Press; 1971 :359. 

54. \ssa M, Shortliffe L: Effect of bacteriuria on bladder and renal pelvic pressures in 
!he rat. j Um/1992, 148:559-563. 

55. Marild S, Hellstrom M, jacobsson B, Jodal U, Svanborg C: Influence of bacterial 
adhesion on ureteral width in children with acute pyelonephritis. j Pediatr 1989, 
115:265-268. 

56. Rolleston GL, Maling TMJ, Hodson Cj: lntrarenal reflux and the scarred kidney. 
Arch Dis Child 1974,49:531-539. 

57. Ransley PC, Risdon RA: Renal papillae and intrarenal reflux in the pig. Lancet 
1974, 2(7889):1114. 

58. Hannerz L Kikstad I, Johansson L, eta/.: Distribution of renal scars and intrarenal 
reflux in children with a past history of urinary tract infection. Acta Radiologica 
1987, 28:443-446. 

59. Hodson J, Maling TMJ, McManamon PJ, Lewis MG: Reflux nephropathy. Kidney 
lnt 1975, S(supp\):50-58. 

60. Ransley PC, Risdon RA, Godley ML: High pressure sterile vesicoureteral reflux 
and renal scarring: an experimental study in the pig and minipig. In Reflux 
Nephropathy Update: 1983. Edited by Hodson Cj, 1-leptinstall RH, Winberg). 
New York: S. Karger; 1934:320-343. 

61. Glauser MP, Lyons ]M, Braude AI: Prevention of chronic experimental pyelonephritis 
by suppression. of acute suppuration. J Clin Invest 1978, 61:403-407. 

62. MillerT, Phillips S: Pyelonephritis: the relationship between infection, renal scar
ring, and antimicrobial therapy. Kidney lnt1981 :19:654-662. 

63. MillerTE, Stewart E, North JDK: lmmunobacteriological aspects of pyelonephritis. 
Contrib Nephro/1979, 16:11-15. 

64. Roberts JA, Domingue Gj, Martin LN, eta/.: Immunology of pyelonephritis in the 
primate model: live versus heat-killed bacteria. Kidney lnt 1981, 19:297-305. 

65. Shimamura T: Mechanisms of renal tissue destruction in an experimental acute 
pyelonephritis. Exp Mol Patho/1981, 34:34-42. 

66. Slotki \,\1, Asscher AW: Prevention of scarring in experimental pyelonephritis in 
the rat by early antibiotic therapy. Nephron 1982, 30:262-268. 

67. Ivanyi B, and Thoenes W: Microvascular injury and repair in acute human bacte
rial pyelonephritis. VirchuwsArch 1987,411:257-265 . 

68. Kaack MB, Dowling KJ. Patterson GM, Roberts )A: Immunology of pyelonephritis: 
VIII. E. coli causes granulocytic aggregation and renal ischemia. j Uro/1986, 
136:1117-1122. 

69. Roberts lA, Roth IK ]r, Domingue G, eta/.: Immunology of pyelonephritis in the 
primate model: V. Effect of superoxide dismutase. j Uro/1982, 128:1394-1400. 

70. Walker RD: Renal functional changes associated with vesicoureteral reflux. Ural 
Clin North Am 1990, 1 7:307-316. 

71. Tulassy T, Miltenyi M, Dobos M: Alterations of urinary carbon dioxide tension, 
electrolyte hanoling and low molecular weight protein excretion in acute 
pyelonephritis. Acta Scand 1986, 75:415-419. 

72. abyholm G, Monn E: Intranasal DDAVP-Test in the study of renal concentrating 
capacity in children with recurrent urinary tract infections. Eur j Pediatr 1979, 
130:49-154. 

73. Tomlinson P, Smellie L Prescod N, eta/.: Differential excretion of urinary proteins 
in children with vesicoureteric reflux and reflux nephropathy. Pediatr Nephrol 
1992,8:21-25. 

74. Funston MR, Cremin Rj: lntrarenal reflux-papillary morphology and pressure 
relationships in children's necropsy kidneys. Br j Uro/1978, 51:665-670. 

75. Koff SA, Murtagh D: The uninhibited bladder in children: effect of treatment on 
vesicoureteral reflux resolution. In Reflux Nephropathy Update: 1983. Edited by 
Hodson Cj, Heptinsta\1 RH, Winberg 1. New York: S. Karger; 1984:211-220. 

76. Savage JM, Dillon ML Shah V, cl a/.: Renin and blood-pressure in children with 
renal scarring and vesicoureteric reflux. Lancet 1978, 2(8087):441-444. 

77. Savage JM, Koh CT, Barratt TM, Dillon MJ: Five year prospective study of plasma 
renin activity and blood pressure in patients with longstanding reflux 
nephropathy. Arch Dis Child 1987, 62:678-682. 

78. Kincaid-Smith P: Glomerular lesions in atrophic pyelonephritis and reflux 
nephropathy. Kidney lnt 1975, 8:81-83. 

79. Torres VE, Velosa JA, Holley KE, eta/.: The progression of vesicoureteral reflux 
nephropathy. Ann Intern Med 1980, 92:776-784. 

80. Bailey RR, Swainson CPL, Burry AF: Glomerular lesions in the "normal" kidney in 
patients with unilateral reflux nephropathy. In Reflux Nephropathy Update: 1983. 
Edited by Hodson CJ, Heptinstall RH, Winberg). New York: S. Karger; 1984:126-131. 

81. Kincaid-Smith PS: Diffuse parenchymal lesions in reflux nephropathy and the 
possibility of making a renal biopsy diagnosis in reflux nephropathy. In Reflux 
Nephropathy Update: 1983. Edited by Hodson CL Heptinstall RH, Winberg j. 
NewYork: S. Karger: 1984:111-115. 

• Urinary Tract Infections • 111 



82. Andriole VT: The role ofTamm-Horsfall protein in the pathogenesis of reflux 
nephropathy and chronic pyelonephritis. Yale 1 Bioi Med 1985, 58:91-100. 

83. Bollgren I, Winberg]: The periurethral aerobic bacterial flora in healthy boys and 
girls. Acta Paediatr Scand 1976, 65:7 4-80. 

84. Lomberg H, Hanson LA, ]acobsson B, eta/.: Correlation of P blood group, vesi
coureteral reflux, and bacterial attachment in patients with recurrent 
pyelonephritis. N Eng/ 1 Med 1983, 308:1189-1192. 

85. Sheinfeld], Schaeffer A], Cordon-Cardo C, eta/.: Association of the Lewis blood
group phenotype with recurrent urinary tract infections in women. N Eng/ 1 Med 
1989, 320:773-777. 

86. Winberg], Bollgren I, Gothefors L, eta/.: The prepuce: a mistake of nature? 
Lancet 1989, 1 (8683):598-599. 

87. Fussell EN, Kaack MB, Cherry R, Roberts ]A: Adherence of bacteria to human 
foreskins. 1 Ura/1988, 140:997-1001. 

88. Wiswell TE, Roscelli JD: Corroborative evidence for the decreased incidence of 
urinary tract infections in circumcised male infants. Pediatrics1986, 78:96-99. 

89. Wiswell TE, Enzenauer RW, Holton ME, eta/.: Declining frequency of circumci
sion: implications for changes in the absolute incidence and male to female sex 
ratio of urinary tract infections in early infancy. Pediatrics1987, 79:338-342. 

90. Robbins ]B: Immunologic mechanisms. In Pediatrics. Edited by Barnet HL. New 
York: Appleton-Century-Crofts; 1972. 

91. Fliedner M, Mehls 0, Rauterberg E. W, Ritz E: Urinary lgA in children with 
urinary tract infection. 1 Pediatr 1986, 109:416-421. 

92. Svanborg Eden C, Kulhavy R, Marild S, eta/.: Urinary immunoglobulins in 
healthy individuals and children with acute pyelonephritis. Scand 1 lmmunol 
1985,21:305-313. 

93. Yoder, MC, Polin RA: Immunotherapy of neonatal septicemia. Pediatr Clin North 
Am 1986,33:481-501. 

94. Grattan-Smith D, Harrison LF, Singleton EB: Radiology of AIDS in the pediatric 
patient. Curr Prabl Diagn Radio/1992, 21 :79-109. 

95. Tullus K: Fecal colonization with p-fimbriated Escherichia coli in newborn chil
dren and relation to development of extraintestinal E. coli infections. Acta 
Paediatr Scand 1986, 1 (suppl 334):1-35. 

96. Shortliffe L: Pregnancy changes the rules when treating UTI. Contemp Ura/1991, 
3:57-67. 

97. Sweet RL: Bacteriuria and pyelonephritis during pregnancy. Semin Perinatal 
1977, 1 :25-40. 

98. Hsia TY, Short! iffe LM: The effect of pregnancy on rat urinary tract dynamics. 
1 Ura/1995, 154:684-689. 

99. Hutch ]A: Vesico-ureteral reflux in the paraplegic: cause and correction. 1 Ural 
1952, 68:457-467. 

100. Dele Davies H, Ford jones E, Sheng R, eta/.: Nosocomial urinary tract infections 
at a pediatric hospital. Pediatr Infect Dis 1 1992, 11 :349-354. 

101. Lohr ], Downs S, Dudley S, Donowitz L: Hospital-acquired urinary tract infec
tions in the pediatric patient: a prospective study. Pediatr Infect Dis 1 1994, 
13:8-12. 

102. Ashkenazi S, Even-Tov S, Samra Z, Dinari G: Uropathogens of various childhood 
populations and their antibiotic susceptibility. Pediatr Infect Dis 1 1991, 
10:742-746. 

1 03. Hardy], Furnell P, Brumfitt W: Comparison of sterile bag, clean catch and supra
pubic aspiration in the diagnosis of urinary infection in early childhood. Br} Ural 
1976, 48:279-283. 

104. Barkemeyer B: Suprapubic aspiration of urine in very low birth weight infants. 
Pediatrics 1994, 457-459. 

1 OS. Hallender HO, Kallner A, Lundin A, Osterberg E: Evaluation of rapid methods for 
the detection of bacteriuria (screening) in primary health care. Acta Pathol 
Micrabiollmmunol Scand 1986, 94:39-49. 

106. Lohr ]: Use of routine urinalysis in making a presumptive diagnosis of urinary 
tract infection in children. Pediatr Infect Dis }1991, 10:646-650. 

107. Hoberman A, WaldE, Reynolds E, eta/.: Pyuria and bacteriuria in urine speci
mens obtained by catheter from young children with fever. 1 Pediatr 1994, 
124:513-9. 

108. Hellerstein S: Recurrent urinary tract infections in children. Pediatr Infect Dis 
1982, 1:271-281. 

109. Kass EH, Finland M: Asymptomatic infections of the urinary tract. Trans Assoc Am 
Phys 1956, 69:56-64. 

110. Bollgren I, Engstrom CF, Hammarlind M, eta/.: Low urinary counts of P-fimbri
ated Escherichia coli in presumed acute pyelonephritis. Arch Dis Child 1984, 
59:102-106. 

111. Stamm WE, Counts GW, Running KR, eta/.: Diagnosis of coliform infection in 
acutely dysuric women. N Eng/ 1 Med 1982, 307:463-468. 

112. Schaad UB: Use of quinolones in pediatrics. Eur 1 Clin Microbia/Infect Dis 1991, 
1 0:355-360. 

113. Copenhagen Study Group of Urinary Tract Infections in Children: Short-term 
treatment of acute urinary tract infection in girls. Scand 1 Infect Dis 1991, 
23:213-220. 

114. Gaudreau it P, Beland M, Girodias ], Thivierge R: Single daily doses of trimetho
prim/sulphadiazine for three or 10 days in urinary tract infections. Acta Paediatr 
1992, 81:695-697. 

115. J6jart G: Comparison of 3-day versus 14-day treatment of lower urinary tract 
infection in children. lnt Ural Nephra/1991, 23:129-134. 

116. Lohr ]A, Hayden GF, Kesler RW, eta/.: Three-day therapy of lower urinary tract 
infections with nitrofurantoin macrocrystals: a randomized clinical trial. 
Pediatrics 1981, 99:980-983. 

117. Grimwood K, Abbott GD, Fergusson DM: Single dose gentamicin treatment of 
urinary infections in children. N Z Med 1 1988, 101 :539-541. 

118. Khan A: Efficacy of single-dose therapy of urinary tract infection in infants and 
children: a review. 1 Nat/ Med Assoc 1994, 86:690-696. 

119. Madrigal G, Odio CM, Mohs E, eta/.: Single dose antibiotic therapy is not as 
effective as conventional regimens for management of acute urinary tract infec
tions in children. Pediatr Infect Dis 1 1988, 7:316-319. 

120. Martinez FC, Kindrachuk RW, Thomas E, StameyTA: Effect of prophylactic, low 
dose cephalexin on fecal and vaginal bacteria. 1 Uro/1985, 133:994--996. 

121. Conway J]: The role of scintigraphy in urinary tract infection. Semin Nuc/ Med 
1988, XVIII:308-319. 

122. Filly R, Friedland GW, Govan DE, FairWR: Development and progression of 
clubbing and scarring in children with recurrent urinary tract infections. Pediatr 
Radio/1974, 113:145-153. 

123. Gordon 1: Use ofTc-99m DMSA andTc-99m DTPA in reflux. Semin Uro/1986, 
IV:99-108. 

124.]ohansson B, Troell S, Berg U: Urographic renal size in acute pyelonephritis in 
childhood. Acta Radio/1988, 29:155-158. 

125. Troell S, Berg U, Johansson B, Wikstad 1: Ultrasonographic renal parenchymal 
volume related to kidney function and renal parenchymal area in children with 
recurrent urinary tract infections and asymptomatic bacteriuria. Acta Radio/ 
Diagn (Stockh) 1984,25:411-416. 

126. Kogan S], Sigler L, Levitt SB, eta/.: Elusive vesicoureteral reflux in children with 
normal contrast cystograms.} Uro/1986, 136:325-328. 

127. Macpherson Rl, Gordon L: Vesicoureteric reflux: radiologic aspects. Semin Ural 
1986, IV:89-98. 

128. Cleveland R, Constantinou C, Blickman], eta/.: Voiding cystourethrography in 
children: value of digital fluoroscopy in reducing radiation dose. A1R Am 1 
Roentgeno/1992, 158:137-142. 

129. Lebowitz R: The detection and characterization of vesicoureteral reflux in the 
child.} Urol1992, 148:1640-1642. 

130. Kleinman P, Diamond D, Karellas A, eta/.: Tailored low-dose fluoroscopic 
voiding cystourethrography for the reevaluation of vesicoureteral reflux in girls. 
A}R Am} Roentgeno/1994, 162:1151-1154. 

131. Lebowitz R: The detection of vesicoureteral reflux in the child. Invest Radio/ 
1986, 21:519-531. 

132. Shortliffe L: Urinary tract infections in infants & children. In Campbell's Urology, 
edn 7. Edited by Walsh eta/. Philadelphia: WB Saunders; 1997. 

133. Ransley PG: lntrarenal reflux: anatomical, dynamic, and radiological studies: part 
1. Ural Res 1977, 5:61-69. 

134. Hodson CJ: Natural history of chronic pyelonephritic scarring. Br 1 Med 1965, 
2:191-194. 

IV. Pediatric Urology 
112 



10 
Ambiguous Gen ita I ia 
Mark F. Bellinger and 

Francis X. Schneck 
The clinical evaluation and assignment of gender of rearing in a neonate 
with genital ambiguity has been described as a medical emergency. 
Although expeditious investigation should be und rtak n, it is also impor

tant to recognize that the worst injustice that can be committed during the 
initial evaluation is assignment of an inappropriate gender of rearing that 

subsequently must be altered. When the infant is first evaluated, the family 
should b reassur d that th child's genitalia are in an incompletely devel
oped state and, after the appropriate evaluation is complete, reconstruction 

can be completed. 
Evaluation should begin with a complet family and gestational history, 

searching for evidence of consanguineous, infertile, or sexually ambiguous 
family members; for early neonatal deaths (salt wasting); and for maternal 

drug (ie, hormone, steroid) ingestion during pregnancy. Examination of the 
infant should include an assessment of phallic length, corporal diameter, 

and meatal position; a general assessment of the degree of masculinization; 

and an estimation of whether reconstruction in the male gender of rearing 
s ems feasible. A most crucial aspect of the examination may be the pres
ence or absence of at least one palpable gonad because this is most likely 
to be a testis and thus place the child in the category of male ps udoher

maphroditism. Rectal examination may allow palpation of the uterus as a 
prominent midline structure, especially in a neonate when maternal 

estrogen stimulation results in some uterine enlargement. 
Laboratory evaluation should begin with assessment of karyotype, which 

may take 3 days to complete. Serum electrolytes should be monitored to 
identify salt wasting, which may be manifest at 7 to 14 days of age. Plasma 
levels of 17-hydroxyprogesterone and urinary levels of 17-ketosteroids and 
pregnanetriol should be measured, all of which may be elevated in thos 

with congenital adrena l hyperplasia 111. Additional biochemical evaluation 

may be warranted to measure plasma precursor steroids in rarer forms of 
male and female pseudohermaphroditism. Pelvic ultrasound examination 
may be used to assess uterine development, and a genitogram (or retro
grade urethrovaginogram) may be helpful in delineating the presence of a 

vagina, cervix, and uterine canal. 
When female pseudohermaphroditism has been diagnosed, most pedi

atric urologic surgeons consider endoscopy and surgical correction at an 
early age (ie, 3 to 6 months) if the child's size and general medical condi
tion permit, although some opt for neonatal correction [2]. The advantage of 

waiting several months is primari ly the ability to avoid general anesthesia in 
the neonatal period, but it also allows enough time to ensure that medical 
replacement therapy has been well established and that the infant is stable 



on an effective medical regimen. Frequently, clitoromegaly will 

diminish to a degree with the institution of steroid replacement 

therapy. Feminizing genitoplasty may include clitoroplasty and 

labioplasty, with perineal flap vaginoplasty performed as a simulta

neous procedure unless the urethrovaginal confluence is high 

(above the sphincter mechanism), in which case delayed pull

through vaginoplasty may be appropriate [3]. If vaginal develop

ment is very rudimentary, bowel vaginoplasty may be required as a 

delayed procedure. 

PAT IENT EVALUATION 

Classification of Ambiguous 
Genitalia in the Newborn 

Female pseudohermaphroditism (46,XX) 
Congenital adrenal hyperplasia (CAH) 

21-Hydroxylase deficiency (viri I ism only) 
21-Hydroxylase deficiency (viri I ism with salt-losing syndrome) 
11-Hydroxylase deficiency (viri I ism with hypertension) 
3~-Hydroxysteroid dehydrogenase deficiency (virilism with 

adrenal insufficiency) 
P-450 aromatase (placental) deficiency 
Maternal source 

Progestational agents 
Virilizing tumor 
Virilizing luteoma of pregnancy 
Congenital virilizing adrenal hyperplasia (mother) 

Non-androgen-induced female pseudohermaphroditism 
Male pseudohermaphroditism (46,XY) 

Abnormal androgen biosynthesis 
Deficiency of androgen and adrenal steroid synthesis (CAH) 

P-450scc deficiency 
3~-hydroxysteroid dehydrogenase deficiency 
P-450c17 (17or-hydroxylase) deficiency 

Deficiency of androgen synthesis 
P-450c17 hydroxylase/17,20-lyase deficiency 
17~-hydroxysteroid oxidoreductase deficiency 

Abnormal androgen receptor 
Complete androgen insensitivity• 
Incomplete androgen insensitivity (eg, Reifenstein syndrome) 

Abnormal androgen action 
Sa-reductase deficiency 

Abnormal mullerian regression 
Persistent mullerian duct syndrome (hernia uteri inguinale)t 

Leydig cell agenesis or hypoplasia 
Dysgenetic male pseudohermaphroditism 

Incomplete form of gonadal dysgenesis 
Vanishing testes syndrome 

Gonadal disorders 
Pure gonadal dysgenesis: complete form (46,XX or 46,XY)• 
Gonadal dysgenesis (Turner's syndrome) (45,X)• 
Mixed gonadal dysgenesis (45,X/46,XY) 
Klinefelter's syndrome (47,XXY; 48,XXXY, and so on)t 
XX male syndrome (46,XX)t 
True hermaphroditism (46,XX; 46,XY; mosaic) 

Unclassified disorders 
Abnormal mullerian development 

Rokitansky sequence• 
Microphallus (nonsyndromic) 
Hypospadias with or without cryptorchidism 

"Nonambiguou5 female genitalia in the neonatal period. 
tNonambigUOU5 male genitalia in the neonatal period. 

t FIGURE 10-1. Classification of ambiguous genitalia in newborns. 

I A. Evaluation of Ambiguous Genitalia in Newborns I 
History 

Maternal virilization 
Medications (especially progesterone) 
Family members with ambiguous genitalia, neonatal deaths, devel

opmental abnormalities, consanguinity, sterility, amenorrhea, 
hirsutism 

Prenatal history 
Ultrasound 
Amniocentesis 

Physical examination 
Presence or absence of palpable gonads 
Phallic stretch length 
Location of the urethral meatus 
Corporal body development 
Labioscrotal fusion 
labioscrotal hyperpigmentation 
Rectal examination (cervix and uterus) 
Dehydration, failure to thrive 

laboratory studies 
Serum electrolytes 
Serum 1 7 -hydroxyprogesterone 
Urinary 17-ketosteroids, pregnanetriol 
Chromosomal analysis 
If male pseudohermaphroditism suspected: 

Serum FSH, LH, and testosterone 
hCG stimulation test 
Androgen precursor steroid analysis 
Genital skin biopsy: fibroblast culture• 

Androgen receptor analysis 
Testosterone to DHT conversion 

Ultrasound 
Genitogram (retrograde urethrovaginogram) 
Endoscopy 
Laparotomy or laparoscopy with or without gonadal biopsy 

•If available. 

t FIGURE 10-2. Evaluation of ambiguous genitalia in newborns shown 
in table form (A) and as an algorithm (B) (on the next page). The asterisk in 
B indicates the following: anatomy is dependent on the timing of fetal testes 
deficiency. Before the 8th week, normal female internal and external geni
talia; 8 to 10 weeks, ambiguous genitalia and variable development of 
miillerian and wolffian ducts; after 12 to 14 weeks, normal male internal and 
external genitalia with anorchia. The dagger in B indicates normal female 
phenotype in neonatal period. CAB-congenital adrenal hyperplasia; 
DHT--dihydrotestosterone; hCG-human chorionic gonadotropin; 
FSH-follicle-stimulating hormone; LH-luteinizing hormone. 
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t FIGURE 10-3. The genital configuration of 
a neonate with congenital adrenal hyperplasia. 
Note the enlarged phallus (clitoris) with severe 
chordee and a dorsal hood prepuce. The urogen
ital meatus is located between rugated labio
scrotal folds. No gonads are palpable. 

t FIGURE 10-4. Genitalia of a neonate with 
mixed gonadal dysgenesis. Note the similarity to 
that of Figure 10-3. The immediate difference 
noted is the presence of a visible and palpable 
testis in the left labioscrotal fold. The phallus is 
more prominent, the urethral meatus is located 
at the penoscrotal junction, and severe chordee 
appears to be present [ 4]. 

t FIGURE 10-5. A neonate with penoscrotal 
hypospadias and unilateral cryptorchidism. Note 
the small phallus with severe chordee and a very 
deficient dorsal hood prepuce. The scrotum is 
bifid and the left testis is nonpalpable. All chil
dren with hypospadias and a cryptorchid testis 
should have karyotype assessment [5 j. 

t FIGURE 10-6. A female neonate with accessory phallic urethra and posterior displacement of 
the urogenital sinus [6]. This unusual anomaly is associated with neither genetic nor gonadal abnor
malities but is an apparent embryologic deformation. The perineum is flattened and lacks labia 
minora, and the opening of the urogenital sinus is displaced posteriorly with a resultant deficiency of 
the perineal body. These children have a duplicate urethra that exits on the glans clitoris. 
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Neonatal 
period* 

Gend r 
assignment 

3·6 months 
of age* 

1-2 years 
of age 

Before 
pub rty 

It FIGURE 10-7. Genitogram of a child with congenital adrenal hyper
plasia and a low urethrovaginal confluence. The arrow marks the location 
of the urethral sphincter, well above the junction of urethra and vagina. 
This child is thus a good candidate for a perineal flap vaginoplasty. 

SURGICAL RECONSTRUCTION 

Diagnostic laparotomy or laparoscopy 
Gonadal biopsy 

Endoscopy 
L----------,11~~------~ 

low vaginal 
insertion+ 

High vaginal 
insertion 

Ab ent 
vagina 

One stage 
Feminizing genitoplasty 
Reduction clitoroplasty 

labioplasty 

Staged reconstruction 
Reduction clitoroplasty 

labioplasty 
Flap vaginoplasty 

Vaginoplasty 
Transperineal high pull-through 

Transtrigonal mobilization 
Passerini-Giazel 

cl itorovagi noplasty 

Male 

Hypospadias repair 
Orchidopexy 

(1 y of age) 
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It FIGURE 10-8. Algorithm of the surgical 
approach to a child with ambiguous genitalia. 
The footnotes in this figure are defined as follows: 
*Indicated in patients with mixed gonadal dysge
nesis, male pseudohermaphroditism, and true 
hermaphroditism to assess wolffian and 
miillerian structures and biopsy gonadal tissue. 
A genital skin biopsy is indicated in suspected 
cases of Sa-reductase deficiency, to measure 
testosterone to dihydrotestosterone conversion, 
and incomplete androgen insensitivity for 
androgen receptor analysis; however, these labo
ratory studies may not be readily available. 

tconadectomy and excision of wolffian and 
miillerian derivative structures incompatible to 
gender assignment should be considered at this 
time. Gonadectomy is also indicated in cases of 
potential malignant transformation. This 
includes streak gonads and dysgenic testis in 
children with an XY karyotype or mosiacism, 
which includes a Y chromosome. 

+Low vaginal insertion, confluence of the 
urogenital sinus distal to the external sphincter, 
and high vaginal insertion, confluence of the 
urogenital sinus proximal to the external 
sphincter, are assessed by genitogram 
and endoscopy. 



t FIGURE 10-9. Initiation of clitoroplasty. The phallus has been 
degloved by a circumcising incision carried around the dorsal coronal 
margin and toward the urethral meatus along each side of the urethral 
plate, which is preserved between the introitus and glans [7]. 

t FIGURE 10-10. Dissection carried a bit further than that shown in 
Figure 10-9. Vessel loops are around the dorsal neurovascular bundle 
(which has been preserved and separated from the corporal bodies, which 
are retracted by the middle vessel loop) and the ventral urethral plate. 

t FIGURE 10-11. Immediate postoperative 
result of clitoroplasty. Note the small, partially 
concealed glans clitoris, and the symmetrical 
labia minora and labia majora. Suprapubic 
suction drains and a urethral catheter will 
remain in place until the morning after surgery. 

t FIGURE 10-12. Delayed postoperative 
result of feminizing genitoplasty. The labia 
minora and majora are symmetrical. The vaginal 
introitus is adequate in caliber and well placed. 
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t FIGURE 10-13. Prevaginoplasty appearance 
of child with congenital adrenal hyperplasia and 
low urethrovaginal confluence. The dashed line 
identifies the incision that will be made for 
perineal flap vaginoplasty. The posterior wall of 
the urogenital sinus will be incised and the flap 
sewn in to bring the vaginal introitus to the 
perineum [8]. 



~---- Urogenital 
sinus 

Perineal flap developed 

t FIGURE 10-14. Perineal flap vaginoplasty. The flap has been devel
oped and the perineal cutback carried out [8]. 

t FIGURE 10-16. Flush vaginogram of infant with congenital adrenal 
hyperplasia and high urethrovaginal confluence near the urethral sphincter 
(arrows). This child is not a candidate for a perineal flap vaginoplasty and 
will require a perineal pull-through procedure to bring the vagina to the 
perineum [9]. 

Vaginoplasty compl I d 

t FIGURE 10-15. Completed perineal flap vaginoplasty. 

t FIGURE 10-17. Endoscopic appearance of the proximal urethra in 
the same child as in Figure 10-16. The vaginal opening is above the 
urethral sphincter. Perineal cutback would injure the urethral 
sphincter mechanism. S-sphincter; VI-vaginal introitus. 
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Balloon 
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Superior 
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t FIGURE 10-19. Perineal pull-through vaginoplasty. A, The perineal 
flap has been developed and dissection has been carried along the urethra, 
isolating the vagina and dividing it sharply from the urethra. The urethra 
is then carefully closed to prevent stricture formation. B, The vagina has 

t FIGURE 10-18. Perineal incision for a patient with high 
urethrovaginal confluence. Note that a perineal cutback incision is not 
performed so that injury to the urethral sphincter mechanism is avoided. 
A small Fogarty catheter placed into the vagina endoscopically will help in 
identifying the vagina and its insertion into the urethra [9]. 

If---- Foley 
catheter 

B 

been separated from the urethra. Posterior- and anterior-based perineal 
skin flaps are developed and brought to the vagina, which will be spatu
lated to enlarge the introitus [10]. 
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1 1 
Neurogenic Vesical Dysfunction 

Richard C. Rink 
and Anthony}. Casale 

C~ r 1 , ...... . 

Many tremendous advances in the management of neurovesical dysfunctiol"! 
have taken place over the past two decades. Gone are the days of severe 

hydronephrosis, renal failure, and even death from neurogenic urinary 

dysfunction. Only rarely do we now see children who present with signifi 
cant urinary tract changes. The social debilitation from life-long inconti 

nence or incontinent abdominal wall urinary stomas should also only be a 
memory. Combining these advances with newer surgical approaches to 
fecal incontinence should now allow these children to be free of diapers. 
The advances made in medical and surgical approaches to neurogenic 

bladders have greatly changed overall pediatric urologic care, allowing 
reconstruction of even the most significant anatomic congenital anomalies. 

There is a long list of potential etiologies of neurogenic vesical dysfunc
tion (see Fig. 11 -1 ). The overwhelming majority of children with these 

disorders have some form of spinal dysraphism; myelomeningocele is the 
most common disorder in these children. The progress made in the 
management of children with neuropathic bladders has dealt not so much 
with the actual diagnosis, but rather with exactly how the bladder and 
sphincter behave physiologically and their relationship to one another. This 

allows a treatment plan to be formulated. The goals of management have 

not changed over the years; the upper urinary tract must be protected and 
urinary infection avoided, and ultimately urinary continence must be 

achieved. In children with myelomeningocele, the spinal cord abnormality 
is obvious at birth and a management plan is started on day 1. Usually the 
urinary tract is normal in these children at birth. It is incumbent on the 
urologist to maintain it as such. Early neonatal evaluation has !:>een 
extremely helpful in the management of these children to prevent deterio

ration of their urinary tracts. Unfortunately, after changes have taken place, 
they may be permanent. Urodynamic evaluation is the mainstay of preven

tive management and should provide information to assist in a long-term 

treatment plan, thus preventing anatomic changes from occurring. Bauer et 
a/. [1 I and van Gool [2 ) have shown that these studies may help determine 
which children are at significant risk for deterioration of their urinary tract. 
A grading system to determine the risk of upper tract changes was 
provided by Mclorie et a/. [3), who looked at bladder capacity, contrac

tility, and dyssynergia. In children with occult spinal dysraphism in whom 
the anatomic anomalies are frequently missed or diagnosis is delayed, 

changes may have occurred before patient presentation to the urologist. 

Urodynamic studies are also critical in their evaluation. 
In each child with a neurogenic bladder, assessment of his or her overall 

physical and mental status is mandatory. Is the patient capable of self-care? 



Is the patient ambulatory, and will he or she be so in the future? Is 

the patient's upper extremity function normal? It is equally impor

tant to know the status of the urinary tract. Is it normal? Is there 

hydronephrosis or scarring, a concentrating defect, vesicoureteral 

reflux, or other abnormality? How does the bladder behave? At a 

mm1mum, a renal ultrasound, serum chemistries, voiding 

cystourethrogram, and urodynamics are necessary to begin treat

ment. With these factors in mind, we can begin our approach to 

the child with neurovesical dysfunction. 

ETIOLOGY 

A. Etiology of Neurogenic 
Dysfunction in Children 

Spinal dy raphism 
Myelomeningocele 
Lipom ningoc le 

Occult spinal dysraphism 
lipomeningocel 
Oiastematomy lia 
Ant rior meningocele 
Dermoid cysts 
Intradermal lipoma 
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Sacral agenesis 
Traumatic pinal cord or head injury 
C rebral palsy 

t FIGURE 11-1. The causes of neurogenic dysfunction. A, Etiology of 
neurogenic dysfunction in children. B, Myelomeningocele. This lesion is 
by far the leading cause of neurogenic bladder in children, with the spinal 
lesion most often involving the lumbosacral area [4]. It makes up 90% of 
all open spinal dysraphism [5]. It is important to realize that the neurologic 
findings in these dysraphic states are variable and may not correlate with 
the bony lesion. The findings may even differ from side to side. Therefore, 
each child must be fully evaluated urodynamically. 

Furthermore, the neurologic lesion often changes with time, requiring 
life-long follow-up evaluation. Forty percent of these patients have a 
change during the first 3 to 5 years of life [ 6]. Occult spinal dysraphisms 
are much less obvious and often missed; however, 90% have a cutaneous 
lesion in the lumbosacral area [7]. This may take the form of a dimple, hair 

patch, or area of increased pigmentation. Mandell et al. [8] have noted that 
40% of these patients with occult dysraphism have a malfunction of the 
lower urinary tract. The neurologic changes in these children vary but tend 
to be progressive [9]. Fortunately, some are reversible with surgery; 
however, the older the patient, the less likely normal function will be 
restored [10]. Sacral agenesis is noted in 1% of offspring of mothers with 
insulin-dependent diabetes mellitus. This frequently results in neurogenic 
dysfunction [11]. Fortunately, traumatic spinal cord injuries in children, as 
opposed to those in adults, are uncommon and make up only a small 
percentage oflower urinary tract neurologic abnormalities. The resultant 
neurologic deficit usually corresponds to the level of the bony injury. A few 
other conditions may give rise to neurogenic bladder; these conditions 
include cerebral palsy, imperforate anus, and sacrococcygeal teratomas. 
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URODYNAMIC EVALUATION 
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• FIGURE 11-2. Cystometrogram (CMG) of normal (A), hypercontrac
tile (B), and poorly compliant (C) bladders. Urodynamic evaluation forms 
the basis for all therapy in children with neurogenic dysfunction. The 
cystometrogram defines the "three Cs" (capacity, compliance, and contrac
tility) of the bladder that one must understand to formulate a treatment 
plan. Compliance is particularly important to determine future outcome. 
The rate of bladder filling influences detrusor pressures and therefore 
should be carefully controlled in children [12]. Bauer [13] recommends 
never to exceed 1 Oo/o of predicted bladder volume per minute. Two 
formulas have been used to estimate bladder capacity. Berger et al. [ 14] 
reported that bladder capacity equals the patient's age in years plus 2 [14]. 
Houle et al. [15]later reported that 16 (age in years) plus 70 mL more 
accurately defined bladder capacity. Recently, Palmer et al. [16] noted that 
bladder capacity in children with myelomeningocele grew at a rate approx
imately 25% less than normal and that the bladder volume increased 
approximately 24 mL per year. They calculated that bladder capacity 
equals 24.5 (age in years) plus 62 in the myelomeningocele group for the 
first 9 years of life. These urodynamic studies should be done as soon as a 
neurologic abnormality is suspected. 

Not only must the behavior of the bladder be defined, but the pressure 
at which the child leaks urine around the catheter (leak point pressure 

c Bladder neck occluded 30 

. .. { ... l 
t i -I 

; .... ;. ... : .. i 

[LPPJ) must be documented. McGuire et al.'s [ 17] classic description of 
upper urinary tract deterioration in the presence of sustained intravesical 
pressures of more than 40/cm H20 has been confirmed by a number of 
groups. The LPP has also been used to determine the potential for 
continence. Although there is no exact LPP number above which the 
patient will be continent, if it is significantly lower than 40/cm H 20, 
surgical techniques to increase urethral resistance are usually necessary to 

achieve dryness. 
External sphincter electromyography can be performed most accurately 

with a fine needle electrode, but for the purposes of predicting the 
behavior of the sphincter, most pediatric urologists have used surface 
electrodes satisfactorily [18]. Persistent sphincter electromyographic 
activity during bladder contractions (ie, dyssynergia) is often quite 
detrimental to the urinary tract. 
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t FIGURE 11-3. Spectrum of vesical and sphincteric dysfunction. 
Although much work has been done to understand the various etiologies 
of neurogenic dysfunction and how exactly each lesion affects the lower 
urinary tract even on a molecular basis, the treatment is based on two 
factors: how the bladder behaves and how the sphincter behaves. We use 
urodynamics to classifY these patients on a spectrum of bladder dysfunc
tion to sphincter dysfunction or a combination of the two [19]. If the 
child is old enough to cooperate during evaluation, we would first have 
them void or perform the Valsalva maneuver and then we would measure 

the voided volume. A 7-F urodynamic catheter is placed and the residual 
volume is measured. Slow-fill urodynamics are performed. Both sphincter 
electromyogram and rectal pressures are simultaneously measured. After 
defining how the bladder and sphincter behave and interact, a treatment 
plan is outlined. Again, the goal remains to protect the kidneys and 
prevent infection. At the appropriate age, the achievement of continence 
becomes important, but it should never come at the expense of the first 
two goals. 

During infancy, if the sphincter activity is coordinated or outflow resis
tance is very low, no interventional therapy may be necessary. Clearly, chil
dren with detrusor-sphincter dyssynergia and those with significant hyper
contractility are at risk for upper urinary tract deterioration. Bauer [20] 
showed that 71 o/o of newborns with dyssynergia have deterioration of the 
urinary tract over the first 3 years of life. Those with synergy who later 
deteriorated were found tg.have conve~ted to the dyssynergic state. Again, 
this shows the need for early evaluation and reevaluation during child
hood. 

MEDICAL MANAGEMENT 
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t FIGURE 11-4. Medical management of patients with neurogenic 
dysfunction. The mainstay of therapy of these patients is dean intermit
tent catheterization (CIC). Its introduction in 1972 by Lapides et al. [21] 
has had profound impact on the care of these children. No longer does one 
need to provide a means for bladder emptying; therefore, treatment can be 
based on creating a storage reservoir. This can be started as early as the 

newborn period. The basis of initial therapy is CIC combined with 
pharmacologic measures. In all patients, efforts at medical management 
are exhausted before any surgical intervention is considered. When using 
medical management, only 1 Oo/o of patients have deterioration of their 
urinary tracts [22]. In our experience, continence is achieved in approxi
mately 5o/o with spontaneous voiding alone. 

Approximately two thirds of patients can be dry with CIC with or 
without medication; the remaining 25% of patients require some operative 
procedure [23]. Medical efforts to lower intravesical pressures are based on 
anticholinergic medication. Oral oxybutinin is the most commonly used 
medication, but its side effects can be significant in some children. In these 
children, intravesical oxybutinin has been successful. a-Sympathomimetic 
agents are used in an effort to increase urethral resistance. Although this 
can be successful, in our experience, this is more difficult to achieve than 
lowering intravesical pressures. It is important to remember that any time 
urethral resistance is increa~d to achieve continence, bladder dynamics 
may change adversely. 

Occasionally it is helpful to lower urethral resistance; this can be done 
by prescribing a-sympatholytic agents such as doxazosin. If this is unsuc
cessful, urethral dilatation as popularized by Bloom et al. [24] can be 
performed; they demonstrated a decrease in leak point pressure, which 
subsequently improved bladder compliance. 

IV. Pediatric Urology 

124 



SURGICAL MANAG EMENT 
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t FIGURE 11-6. Surgical management of patients with neurovesical 
dysfunction. If medical management fails to protect the kidneys or achieve 
urinary continence (which in our hands occurs in 25% of those with 
myelodysplasia), surgical options must be considered. If the primary 
problem lies with the bladder, one must first consider the possible use of 
bladder stimulation. Kaplan et al. [26] believe that bladder stimulation 
may improve bladder compliance and in some high-risk patients may help 
to avoid enterocystoplasty [27 ,28). Although this therapy has not 
improved voiding, it may have a role in increasing sensation, increasing 
bladder capacity, and lowering intravesical pressures in some patients [28). 
It is, however, very time consuming; Deeter et al. [29], who noted the lack 
of significant improvement with this therapy, no longer offer it. 

t FIGURE 11-5. Cutaneous vesicostomy. Occasionally clean intermit
tent catheterization (CIC) and medication does not stabilize the bladder 
and upper urinary tract. At other times, the family cannot or will not 
permit CIC to be performed. In these situations, the urinary system can be 
decompressed with a temporary cutaneous vesicostomy. With CIC now 
used in newborns, vesicostomies are performed less often but they stilt 
provide reliable free drainage of urine into the diaper at low intravesical 
pressures. The Blocksom technique as popularized by Duckett [25) is most 
commonly used. These vesicostomies are easily closed at a later date. 
Complications are uncommon, but stenosis and prolapse are the most 
frequently noted risks. 

The surgical approach to the treatment of patients with neurogenic 
lower urinary tract dysfunction is again directed at either the bladder, the 
sphincter, or both with the goal of providing a low-pressure, large-capacity 
bladder with adequate urethral resistance to provide continence. The 
determination of bladder compliance in patients with low urethral resis
tance can be quite difficult. Serious upper tract consequences can result if 
the surgeon fails to identifY poor compliance and proceeds with an 
operation to increase urethral resistance. Furthermore, the bladder 
dynamics may change when urethral resistance is increased [29-31). We 
have recently tried to predict from urodynamic data which bladders would 
require augmentation after artificial sphincter placement but were unable 
to do so [32). 

Bladder compliance and capacity have been improved by bladder 
augmentation using virtually every segment of the gastrointestinal (GI) 
tract. In children, the native bladder is bivalved to allow anastomosis of a 
detubularized, reconfigured GI segment. Although augmentation with 
bowel has reliably improved compliance and capacity, other risks have led 
urologists to seek difh:rent options to augment the bladder, such as using 
ureter or even bladder mucosa. 

The surgical options to increase urethral resistance are based on 
whether the patient can perform the Valsalva maneuver and empty the 
bladder to completion. The artificial urinary sphincter is the only option 
that allows for spontaneous emptying; therefore, it is attractive for patients 
who can void. However, if clean intermittent catheterization is required, 
then an artificial device is less advantageous. The number of options avail
able to increase urethral resistance indicates that no procedure works well 
in all situations. SIS-small intestine submucosa. 
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t FIGURE 11-7. Technique ofileocystoplasty. A, Segment of ileum opened on its antimesenteric 
border and folded in a "U" shape. B, Reconfigured ileum sewn on to bivalved bladder. The least contrac
tile bowel segment is ileum, making it an excellent choice to improve bladder compliance and capacity 
[ 19,33,34]. A segment of ileum approximately 15 em proximal to the ileocecal valve is selected (A). After 
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t FIGURE 11-8. Comparison of gastrointestinal (GI) segments in pediatric augmentation. Each 
bowel segment used for augmentation has its own inherent advantages and disadvantages. Ileum is 
the most compliant segment and has less mucus production than the large intestine. Ureteral 
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ileoileostomy, the selected segment, which is 20 to 
40 em in length, is detubularized and reconfigured 
as demonstrated in B. Opening any bowel segment 
and reconfiguring it to a more spherical shape has 
been shown to provide a number of advantages 
[35,36]. This maximizes the ultimate capacity, 
blunts bowel contractions, and improves overall 
compliance. The bowel segment is then anastom
ased to the bivalved bladder. If only compliance 
and capacity are an issue and no implantation of 
ureter or appendix is necessary, ileum is our 
segment of choice. 

In a similar fashion, sigmoid colon can be used to 
augment the bladder. In the past, we recommended 
simple closure of the two ends of the sigmoid 
segment and opening its antimesenteric border [37]. 
We have seen increased contractility and rupture of 
the augmentation segment with sigmoid more often 
than noted in other series [19,34,38], and therefore 
would now recommend reconfiguration of the 
segment as demonstrated for the ileum. 

The ileocecal segment has been successfully 
used for both bladder augmentation and 
complete bladder replacement and has some 
advantages. However, in the neurogenic popula
tion, removal of the ileocecal valve from the 
gastrointestinal tract can result in intractable 
diarrhea; therefore, its use should be discouraged 
if other options are available [39,40]. 

implantation into ileum, however, is much more 
difficult. At least 15 em of terminal ileum 
should be left intact to prevent diarrhea and 
vitamin B12 deficiency. Sigmoid is usually 
redundant in the neurogenic bladder population, 
allowing ease of mobilization. It has excellent 
muscle backing for implantation but produces 
the most mucus; in our hands, it has demon
strated significant contractility and a statistically 
significant increase in risk of perforation [34]. As 
noted previously, we seldom use the ileocecal 
segment in children with neurovesical dysfunc
tion because of the potential for diarrhea. 

Each of these segments may result in hyper
chloremic metabolic acidosis. The postoperative 
serum chloride level was greater than the preop
erative level in virtually all patients who have 
undergone intestinocystoplasty, but those with 
normal renal function generally had chloride 
levels that remained within normal limits [ 41]. 
Hallet al. [42] noted that the exact mechanism 
of the acidosis is unknown but ammonium reab
sorption may be the key factor. Patients with 
renal insufficiency may require bicarbonate 
replacement therapy. The body's response is to 
excrete the increased acid using bony buffers, 
which may result in bone demineralization and 
has led to concern regarding overall growth in 
children. (Adapted from Rink [38] .) 
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t FIGURE 11-9. Technique of wedge gastrocystoplasty. A, Larger wedge 
from greater curvature now used, based on the right gastroepiploic artery. 
B, Wedge excised and stomach closed. C, Gastric wedge anastomosed to 
bivalved bladder. 

8 

Because of the previously discussed risks of incorporating intestine into 
the urinary tract, we began using stomach as the augmentation segment. 
Sinaiko [43] first reported its use in dogs in 1956. Leong and Ong [44] 
later used gastric antrum. We noted in the laboratory decreased mucus 
production, a net chloride excretion, and less tendency toward acidosis 
[45-47]. We reported our experience at Riley Hospital for Children in 
1988 using a gastric wedge from the body of the stomach [ 48]. 

A l 0-cm rhomboid-shaped segment of the body of the stomach 
(usually based on the right gastroepiploic artery as its vascular supply) is 
removed and placed on the bivalved bladder as the augmentation segment. 
The vascular pedicle should be secured to the reuoperitoneum. 

We have seen good bladder compliance, with only two of 46 patients 
not having a flat tonus limb [49]. However, we and others have noted 
frequent rhythmic contractions. Atala et al. [50] found these contractions 
in 10 of 43 patients, and Gosalbez et al. [51] noted these in 15 of 24. 

We have had fewer infections using stomach [34], and stomach produces 
the least amount of mucus [45] . Bladder calculi, common in intestinal 
segments, has been reported rarely with gastric augmentation [52,53]. 
Submucosal tunneling of the ureter or appendix is also easy to perform into 
the stomach. Although these advantages seem to favor the use of stomach, 
particularly in those with renal insufficiency, there are significant disadvan
tages of rare but profound hypochloremic hypokalemic, alkalosis, and the 
frequent hematuria dysuria syndrome. This latter characteristic has been 
noted to necessitate medication in approximately one third of children after 
gastrocystoplasty and can be extremely bothersome if there is normal sensa
tion [49,54]. A recent publication [55] has suggested that the stomach may 
contract over time, a particularly worrisome finding. 
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t FIGURE 11-10. Large bladder calculus comparable in size with a golf 
ball. One of the concerning problems after augmentation cystoplasty has 
been the increasing incidence of bladder calculi. Early reviews of 
intestinocystoplasty did not mention stone formation. In 1990, Hendren 
and Hendren [56] and, in 1991, Hirst [57] reported an 18% incidence. 
However, Blyth eta!. [58]later reported a 30% incidence; if catheterizing 
through an abdominal wall stoma, the incidence was even higher. Palmer 
eta!. [59] reported the highest incidence (52%). We found only an 11 o/o 
incidence in 287 patients and attributed the low incidence partially to 
daily bladder irrigation to clear mucus and crystals [52]. We have noted 
only one stone after gastrocystoplasty, and this patient had a staple as a 
nidus. Bladder calculi are generally struvite, with their etiology being 
multifactorial (ie, urea-splitting organisms, stasis of urine, and mucus from 
poor emptying by clean intermittent catheterization). Hypocitraturia may 
be another factor in these patients [ 60 ]. 

t FIGURE 11-11. Urine specimens from a normal subject (left) and from a patient with augmen
tation cystoplasty (right). Note the presence of mucus in the specimen on the right. Gastrointestinal 
(GI) segments continue to produce mucus after their incorporation into the urinary tract. In chil
dren who empty using a small diameter catheter, mucus plugging can be a significant problem that 
can lead to poor emptying, slow drainage, and the need for frequent irrigations. Kulb eta!. [45] have 
shown that colon produces the most mucus, followed by ileum; stomach produces the least [45]. 
Furthermore, villous atrophy in the ileum is thought to result in decreasing mucus production with 
time, a finding not seen in the colon [61]. 

Mucus from those who form bladder calculi has been shown to have a high calcium-to-phosphate 
ratio [60]. We insist on bladder irrigation with saline three times a day starting in the immediate 
postoperative period. This is decreased to two times per day in weeks 2 and 3. Daily irrigation until 
the patient is clear of mucus, regardless of the GI segment used, continues for life. 

t FIGURE 11-12. Bladder perforation. A, Cystogram demonstrating 
contrast extravasation from perforation of augmented bladder. 

(Continued on next page) 
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t FIGURE 11-12. (Continued) B, Large urinoma demonstrated on CT 
scan from bladder perforation. The most disturbing and potentially lethal 
complication of augmentation enterocystoplasty has been rupture of the 
augmented bladder. Unfortunately, these children with neurogenic 
dysfunction have impaired abdominal sensation, which often delays symp-
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t FIGURE 11-13. Autouagmentation. A, Technique. B, Operative view. 
Intestinocystoplasty has been a great advance in the care of children with 
neurologic impairment; however, the risks noted previously have caused 
urologists to seek other alternatives. Cartwright and Snow [67] proposed 
an ingenious way to increase capacity and compliance without incorpo
rating tissue from outside of the urinary tract. The use of native urothelial 
tissue avoids the metabolic changes, mucus production, and the need for 
intraperitoneal surgery. In their procedure known as autoaugmentation, 
the muscle overlying the dome of the bladder is excised, allowing the 
intact mucosa to bulge as a wide-mouthed diverticulum. This procedure is 
now well accepted as a means to improve compliance, but unfortunately it 
has provided "modest at best" increases in capacity [ 68]. In a combined 
series, 25 patients underwent autoaugmentation: in 52% the results were 
good, 28% acceptable, with 20% poor [69]. 

toms and diagnosis. In our experience, presentation has occurred in three 
distinct patterns: frank septic shock, abdominal pain but clinically stable, 
and an incidental finding of a urinoma [62]. Most patients present with 
abdominal pain and distention, fever, and decreased urine output [63,64]. 
To further complicate the diagnostic dilemma, radiographic confirmation 
can be difficult. Cystography has often yielded false-negative results. 
Braverman and Lebowitz [65] showed improved accuracy by studying 
fluoroscopy until bladder filling stops. We and others have found CT 
cystography to be the most reliable. 

The incidence of perforation in our group of patients is 7%, with 32% 
of these suffering a second perforation. One child in this group perforated 
four times [62]. 

Various causes of perforation have been proposed, but most likely the 
cause is multifactorial. It occurs most often in those with neurogenic 
dysfunction and poor sensation with high urethral resistance. These children 
have overdistention secondary to poor emptying, which results in high 
intravesical pressures. These factors combine to result in ischemic areas, 
which may rupture. In our experience, perforations have been statistically 
significant and more likely to occur in those with sigmoidcystoplasty [34]. 
Although conservative managem.ent has been suggested, we would recom
mend this only for completely stable patients with sterile urine. All others 
appear best managed by exploration, drainage, and closure of the perforation. 

Ehrlich and Gershman [70] performed a similar procedure laparoscopi
cally (detrusor incision) that was clinically successful. It allowed a short
ened hospitalization but was an intraperitoneal procedure. 

In response to the occurrence of fibrosis of the mucosa in autoaugmen
tation, two groups have been interested in combining this procedure with 
a demucosalized segment of sigmoid [71] or stomach [72]. This allows not 
only native urotheliallining but also provides muscle backing. Gonzalez 
et al [73] reported their experience with the sigmoid seromuscular cysto
plasty with urotheliallining (SCLU) in 16 patients. They found a 2.4-fold 
increase in capacity in 14 of 16 patients. End-filling pressures also 
improved, decreasing from 51.6 to 27.7 em H 20. The procedure failed in 
two patients; they later required ileocystoplasty. Failures are thought to be 
secondary to inadequate bladder distention in the early postoperative 
period [74]. (Courtesy ofDr. Brent Snow.) 
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A 

t FIGURE 11-14. Ureteral augmentation technique. A, Proposed inci
sions. B, Nephrectomy completed; ureter and bladder opened. C, Ureter 
folded to create more spherical shape. 

(Continued on next page) 
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t FIGURE 11-14. (Continued) D, Ureteral augmentation completed. 
In patients with a massively dilated ureter with reflux, the ureter already 
"augments" the bladder capacity. It is a natural extension to use this 
urothelial tissue to enlarge the bladder. This was originally done in patients 
with a nonfunctioning kidney after nephrectomy [75,76]. The ureter is 
opened longitudinally away from its blood supply, to the level of the 
bladder (A). The bladder is bivalved and the ureter is reconfigured (B) to 
maximize capacity and is anastomosed to the bladder (C). This has gener
ally been done through a midline transperitoneal approach but has been 
done extraperitoneally through flank and suprapubic incisions [77,78). We 
have also noted that it may not be necessary to open the ureter completely 
to the bladder [79). The advantages are similar to those for autoaugmenta
tion. More than 50 patients have now been reported with the upper 
urinary tracts remaining stable or improved in all with only rare complica
tions [80). Landau et al. [81] compared ureterocystoplasty with ileocysto
plasty and showed that the two provided very similar capacity and compli
ance. It is our procedure of choice when this tissue is available. The 
obvious disadvantage is that it is our hope that no patient with modern 
management would have massive reflux with a nonfunctioning kidney. 
Therefore, the patient population is limited. (Adapted from Rink and 
Adams [82].) 
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The Role of Laparoscopy 
in Pediatric Urology 

12 
Steven G. Oocimo Laparoscopy (and minimally invasive surgery in general) has been slower to 

gain ace ptance among pediatric urologists than among many other 
specialists. This is largely b caus of the reconstructiv rather than 
extirpative focus of p diatric urology, as well as the small size of our 
patients. Recent advances in technology, as well as innovative thinking 
regarding applications for laparoscopy, have begun to change the situation. 
For example, laparoscopy has been us d for more than 20 years as a diag
nostic adjunct in the management of the nonpalpable testicle 111. With the 
introduction of cord clipping for a first-stage Fowler-St phens operation [21 
and then laparoscopic orchidopexy [3), the era of therapeutic laparoscopy 
in pediatric urology was born. Today, laparoscopic orchidopexy is a 
well-accepted part of the urologist's repertoire for dealing with high 
testicles [4-8]. 

Experience with laparoscopic techniques and collaboration with adult 
urologic laparoscopic pioneers led to the now common laparoscopic 
nephrectomy [9], as well as laparoscopic partial nephrectomy [1 0]. 
Attempts to treat patients with vesicoureteral reflux in a minimally invasive 
fashion have included laparoscopic extravesical ureteral reimplantation 
I 1 1], as well as the development and refinement of endoscopic techniques 
of ureteral manipulation within the bladder [1 2- 1 4]. 

The reconstructive era of pediatric laparoscopic surgery is just begin
ning. The first major reconstructive effort was a laparoscopic gastrocysto
plasty performed in 1994 11 5]. Autoaugmentation of the bladder has also 
been applied laparoscopically 116]. Perhaps the future of these techniques 
is represented by the laparoscopic-assisted bladder reconstruction, 
combining the morbidity and cosmetic advantages of laparoscopy with the 
ability to perform complex tissue assembly through a low abdominal 
incision [1 7,1 8]. 

Future applications of laparoscopy await improvements in technology as 
well as our imaginations. Already, 2-mm laparoscopic instruments, auto
matic suturing apparatus, telerobotic laparoscopic mentoring [1 9), and the 
application of techniques such as laser welding [20] give some hint as to 
the potential for minimally invasive surgery in the future. 



LAPAROSCOPY FOR THE UNDESCENDED TESTICLE 

t FIGURE 12-2. Vas deferens and spermatic vessels exiting the internal 
ring. Diagnostic laparoscopy for the nonpalpable testis results in one of 
three main findings [23-24]. The most common finding (45%) is the 
presence of a vas deferens and spermatic vessels that exit the internal 
inguinal ring. This signifies that there is definitely no ipsilateral testicular 
tissue within the abdomen and that the groin or scrotum should be 
explored for a testicle or testicular nubbin. Often, as in the case pictured, 

t FIGURE 12-1. Trocar used for the open technique for pneumoperi
toneum. In small children and infants, pneumoperitoneum can be 
obtained using the Veress needle or, preferably, open access [21]. A new 
technique for open access that I adapted using a radially expandable trocar 
(STEP; lnnerdyne, Inc., Sunnyvale, CA) enhances the safety of this proce
dure even further. The small (2-mm) expandable sleeve is placed through 
an umbilical incision directly into the peritoneal cavity. It is then dilated 
using either the 5- or 10-mm insert, after which insuffiation is 
commenced and the laparoscope is introduced. No fixating suture is 
needed because the dilating trocar is naturally held in place by friction. 
Upon removal of the trocar, the skin and fascial incisions are significantly 
smaller than those that would have been required for a standard 5- or 10-
mm trocar. All 5-mm or greater trocar sites in children should be closed 
[22], which can be accomplished by tying the fascial stay sutures together 
at the end of the procedure. 

the vessels on the affected side appear attenuated [25], further suggesting 
that the testicle is not normal. Here, the right sided vas and vessels (A) 
appear normal but the affected left side (B) demonstrates vessels that are 
not as well defined. Some controversy exists concerning exploring the 
groin or scrotum in this situation [25,26], but most authors continue to 
recommend exploration [27-29]. 

t FIGURE 12-3. Blind-ending spermatic vessels. Laparoscopic explo
ration in the face of a "vanishing testis" will reveal blind-ending spermatic 
vessels. Blind-ending vessels must be seen in order to make the diagnosis of 
a vanishing testis because the absence of spermatic vessels and true testic
ular agenesis are extremely rare [30]. There can be disjunction between the 
wolffian system and the testis, so the presence of a blind-ending vas 

·deferens without blind-ending vessels is not necessarily diagnostic [31]. In 
contrast to Figure 12-2, in which the vas deferens and vessels are seen to 
meet at the internal ring, here there is clearly a space between these struc
tures. This is the typical appearance of blind-ending spermatic vessels and 
vas deferens. 
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t FIGURE 12-5. High intra-abdominal testis. The alternative to single
stage laparoscopic orchidopexy is to perform a two-stage Fowler-Stephens 
procedure [34) by clipping the spermatic vessels at the time of diagnostic 
laparoscopy [2) and returning 6 to 12 months later to bring the testis into 
the scrotum based on the vasculature of the vas deferens. This second stage 

t FIGURE 12-4. Low intra-abdominal (or "peeping") testis. This is the 
typical appearance of an intra-abdominal testis. In this case, one can see 
some redundancy of the spermatic vessels and a testicular position at the 
internal ring, suggesting that this testis can be brought surgically to the 
scrotum without division of the spermatic vessels (Fowler-Stephens 
approach [32)). The main advantage oflaparoscopic orchidopexy lies in 
the ability to preserve the spermatic vessels in the majority of cases, thereby 
hopefully improving the surgical outcome [33]. 

can also be performed laparoscopically [5). A, The testis is 4 em above the 
internal ring with very short spermatic vessels, as demonstrated by the long 
gubernaculum leading into the patent processus vaginalis. B, Laparoscopic 
clips can be seen on the spermatic vessels. 

t FIGURE 12-6. Cannula placement for laparoscopic orchidopexy. 
Laparoscopic orchidopexy [3) is generally performed through three 
abdominal trocar sites and one trocar site in the scrotum [21]. According 
to my practice, there is a 5-mm umbilical trocar for the laparoscope (X) 
and a 2-mm port on either side of the abdomen for instruments (0). The 
patient is supine, with loose tape over the chest to secure the patient in the 
deep Trendelenburg position. The arms are tucked to allow maximum 
mobility for the surgeons. 
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t FIGURE 12-8. Delivering the testis into the scrotum. The ipsilateral 
laparoscopic instrument is passed either medially or laterally to the inferior 
epigastric vessels and out through an anterior scrotal incision. Although 5-
mm instruments are shown here (A), currently a 2-mm instrument would 
be passed through the scrotum and a radially dilating trocar (STEP; 
Innerdyne, Inc. Sunnyvale, CA) would be introduced over the instrument 
and then dilated to 5 mm. A 5-mm grasper is then introduced through the 

t FIGURE 12-7. Intraperitoneal dissection for laparoscopic orchi
dopexy. To free the testis for placement in the scrotum, an incision is made 
in the peritoneum lateral to the spermatic vessels and distal to the vas 
deferens. This incision is carried over the anterior aspect of the inguinal 
ring and care is taken to avoid injury to the inferior epigastric vessels. The 
gubernaculum is then divided, and the surgeon watches for a long-looped 
vas deferens. The distal triangle of peritoneum between the spermatic 
vessels and the vas deferens is carefully preserved, both to allow conversion 
to a Fowler-Stephens approach, if necessary, and to enhance vascularity to 
the testis. Proximal to the distal peritoneal triangle, the peritoneum can be 
peeled off the spermatic vessels to increase length. Care must be exercised 
in order to avoid avulsion of the spermatic vessels during delivery of the 
testis into the scrotum, especially if the peritoneum has been stripped. 

scrotal trocar (B) and used to advance the testis into the scrotum. If the 
spermatic vessel length is abundant, the natural course of the inguinal ring 
lateral to the epigastric vessels is used. The surgeon can theoretically 
achieve an extra 1 to 2 em of length by bringing the testis medial to the 
inferior epigastric vessels [36]. The testis is then secured in the scrotum 
using whichever method seems most appropriate. 
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LAPAROSCOPY FOR RENAL AND URETERAL SURGERY 

J' 

t FIGURE 12-9. Cannula placement for nephrectomy. Transperitoneal 
laparoscopic nephrectomy [9] is performed with the patient in the flank 
position. Twelve-rom (X) and 5-mm (0) trocars have generally been used, 
but nephrectomy has recently been performed using 2-mm 
instrumentation (Peters C, Personal communication). A 5-mm trocar is 
still required in at least one position: for the use of clip appliers on the 
renal vessels. Nephrectomy in adults or adolescents may require the use of 
vascular staplers or a morcellator, which must be introduced through 
12-mm trocars. 

t FIGURE 12-10. Removal of multicystic, dysplastic kidney. The dissec
tion for trans peritoneal nephrectomy is no different than for that of the 
open operation. The colon on the affected side is reflected, revealing 
Gerota's fascia. Gerota's fascia is then entered and the kidney is mobilized 
appropriately. For multicystic kidneys, the cysts can be percutaneously 
decompressed using a spinal needle under direct vision from within, 
making mobilization of the kidney easier. Endoscopic clips are used on the 
vessels, and the kidney is either removed in its entirety through the largest 
trocar site or it is fragmented or morcellated within a laparoscopic surgical 
tissue pouch [9]. Laparoscopic nephrectomy is especially useful when 
ureterectomy is also required [37,38]. The ureter can be dissected to a 
point just behind the bladder, where it can be divided using clips or a 
stapling device, thus obviating the need for two incisions. In addition, 
partial nephroureterectomy, as in the case of a patient with ectopic uretero
cele, is readily accomplished laparoscopically [10,38]. 

t FIGURE 12-11. Extravesicallaparoscopic ureteral reimplant. 
Vesicoureteral reflux (VUR) is surgically managed by open ureteral 
reimplantation, an operation that can be performed through a small 
Pfannenstiel incision and generally requires only 2 to 3 days of 
hospitalization [39]. Against this baseline, it has been difficult to come up 
with a minimally invasive procedure that significantly decreases morbidity 
while maintaining the nearly 1 OOo/o success rate of the standard open oper
ation. Although the subtrigonal injection of materials is a minimally inva
sive approach to VUR, there is no long-lasting material in the United 
States that has proven highly successful. The most widely applied laparo
scopic approach to VUR has been the laparoscopic extravesical reimplant 
[11]. This is performed in the manner ofLich-Gregoire [40]. The 
ureterovesical junction is exposed transperitoneally by incision between the 
round ligament and the bladder [41]. As shown here, an incision is made 
in the bladder muscle adjacent to the ureter and extended cephalad, 
staying outside of the bladder mucosa. A trough is created with mucosa as 
its base. The bladder muscle is then closed over the ureter using inter
rupted laparoscopic suture and tying techniques to effectively create a 
submucosal tunnel. (Courtesy of Y. Lakshmanan and LCT Fung, 
University of Massachusetts.) 
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t FIGURE 12-12. Percutaneous endoscopic trigonoplasty. Smaller 
instrumentation has allowed experimentation and clinical experience in 
intravesical endoscopic surgery. The most well-established operation 
through this route is percutaneous endoscopic trigonoplasty, a modifica
tion of the Gil-Vernet procedure [13, 14]. In this operation, a horizontal 
incision (A) from ureteral orifice to ureteral orifice is closed vertically (B), 
pulling the orifices toward the midline and enhancing the fixation of the 
ureteral tunnel (C). Unfortunately, the initial promise of trigonoplasty has 
not been realized with long-term follow-up [42]. Going one step further, it 
has been shown both experimentally [12] and clinically (Snow BW, 
Cartwright P, Personal communication) that the ureters can be dissected 
free of the bladder muscle and reimplanted using an endoscopic technique. 
(Adapted from Cartwright eta!. [14].) 

t FIGURE 12-13. Laparoscopic gastrocystoplasty. The era of major 
urologic laparoscopic reconstruction is in its infancy. In the first reported 
laparoscopic bladder augmentation [15], a wedge of stomach was 
harvested with multiple firings of an endogastrointestinal anastomosis 
(Endo-GIA) stapler. This was done after multiple laparoscopic clips had 
been used to divide vessels between the right gastroepiploic artery and vein 
and the greater curve of the stomach creating the gastroepiploic pedicle. 
This wedge of stomach was then sutured to the open bladder using the 
EndoStitch (AutoSuture Company, Norwalk, CT). A drain and supra
pubic catheter were brought through laparoscopic ports at the end of the 
procedure. (Adapted from Docimo eta!. [15].) 
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t FIGURE 12-14. 
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t FIGURE 12-15. Laparoscopic autoaugmentation. The concept of 
autoaugmentation is essentially the creation of a bladder mucosa divertic
ulum [43]. The application, longevity, and indications for autoaugmenta
tion are all somewhat controversial; however, this operation can be 
performed laparoscopically or extraperitoneally using laparoscopic instru
mentation [16,44]. A, The bladder muscle has been divided and carefully 
separated from the underlying mucosa. B, The bladder muscle is then 
sutured to Cooper's ligament on each side of the pelvis to avoid reclosure 
of the muscle. (Adapted .from McDougall et al. [16].) 

t FIGURE 12-16. Improved cosmesis with laparoscopic assistance. Although laparoscopic bladder 
augmentation using gastrointestinal segments is perhaps prohibitively technically difficult and 
requires long operating times, the combination oflaparoscopic and open techniques represents the 
current state of the art for bladder augmentation. By using laparoscopic techniques to mobilize the 
right colon, harvest the appendix [18], or harvest stomach [15], there is no need for an upper 
abdominal incision. The more technically demanding assembly of these parts in the area of the 
bladder is then performed through a Pfannenstiel or low midline abdominal incision. This is not 
only cosmetically more acceptable but theoretically results in fewer intra-abdominal adhesions than 
the standard open reconstruction [45]. The boy shown had ileal bladder augmentation with creation 
of a continent appendiceal stoma 4 weeks earlier and has just had his suprapubic catheter removed. 
Similar cosmetic results have been obtained for patients with bladder exstrophy and spina bifida [ 17]. 
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t FIGURE 12-17. Port placement for typicallaparoscopically assisted 
urinary reconstruction. By placing the laparoscopic ports strategically, one 
port is hidden in the umbilicus and the other becomes part of the 
Pfannenstiel incision. The only laparoscopic site that creates a scar is the 
epigastric site, which is 5 mm in size and can be placed using a radially 
dilating system, which minimizes the scar even further. 
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t FIGURE 12-18. Laparoscopic Malone antegrade continence enema 
(ACE) procedure. The ACE procedure [46] can be performed using 
laparoscopically assisted techniques either using the appendix or, experi
mentally, a stapled cecal tube [47]. Clinically, a completely laparoscopic 
ACE procedure is performed by imbricating the colon around the base of 
the appendix, as demonstrated. Through experience, it has been found 
that this should be done using permanent sutures or staples because this 
imbrication can fail when absorbable sutures are used. 

t FIGURE 12-19. Two-mm laparoscopic instruments. Miniaturization 
is one of the technical advances that will make laparoscopy more amenable 
to large reconstructive procedures. The 2-mm instruments and trocars 
pictured (AutoSurure, Norwalk, CT) can be introduced into the abdomen 
through a needle puncture, thereby allowing as many instruments as neces
sary to be brought into play with very little cosmetic impact or morbidity. 
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t FIGURE 12-20. Automatic suturing device (A-C). The FndoStitch 
(AutoSuture, Norwalk, CT) has already allowed many procedures, such as 
the laparoscopic gastrocysroplasty, to be performed that would orherwise 

be too time consuming using traditionallaparoscopic suturing methods. 
Further advances in automatic suturing technology are required before 
procedures such as infant pyeloplasty are widely accepted. 
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Renal Tumors 
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13 
Childhood 

Renal tumors in children range from the benign neonatal congenital 
mesoblastic nephroma to the highly malignant anaplastic Wilms' tumor. 

Despite the intense interest in renal tumors in children because of their 

genetic implications and understanding of oncogenesis, these tumors are 
relatively rare. Wilms' tumors are the most common genitourinary solid 

tumor in children, yet they only occur in one in every 10,000 children Ill. 
The treatment, however, of Wilms' tumor as well as the other tumors in chil
dren is one of the great modern miracles of medicine. Before the combina
tion of chemotherapy, radiation therapy, and surgery, the survival rate of 
Wilms' tumor in the early 20th century was only 20% 121. Currently, as a 

result of better understanding of the tumors themselves and the multimodal 
approach to therapy, survival has continued to improve to its current rate of 

more than 90% 13- 51. 
The diagnosis of renal tumors of childhood is based on clinical presenta

tion, radiologic imaging, and histopathologic examination. Although many 

children present with only a solitary mass, other children's tumors may be 
detected on screening because of clinical syndromes that are known to be 

associated with malignancy. Radiographic imaging is quite straightforward 
with the use of ultrasound, computed tomography, and magnetic resonance 

imaging. Images today are clear, distinct, and informative regarding the size 
and location of tumors. Radiographic appearance is not unique to each 
tumor; therefore, histologic evaluation is needed to confirm the type of 
tumor. Because the treatment of these tumors is so different, ranging from 
chemosensitive Wilms' tumors to nonchemosensitive renal cell carcinoma, 

it is essential that pediatric urologists work closely with pathologists to 
define the histologic type and then the most appropriate adjuvant treatment. 

Despite a significant increase in survival of patients with all types of 
kidney tumors, much is still to be learned about renal tumors in childhood. 

As further research has focused on the molecular and biologic behavior of 
these tumors, it is apparent that tumors in childhood in general probably 
have a genetic basis. As further refinement and our understanding of the 
Wilms' tumor oncogene and other locations throughout the human genome 

are delineated, better understanding of these tumors may lead to more 
novel treatments as well as preventive treatments in children who are at 

high risk for these tumors. In the past, Wilms' tumor has served as a model 

for the understanding of oncogenesis, and it is believed that a better under
standing of Wilms' tumor and th other renal tumors in children will 

continue this fantastic voyage into the understanding of oncogenesis and 

tumor behavior. 
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t FIGURE 13-1. Differential diagnosis of renal tumors in children. 
Renal masses in children must first be differentiated between cystic and 
solid. Mter it is clear that a solid mass is present, even with cystic compo
nents, the differential diagnosis can be narrowed. The most common pedi
atric renal mass is Wilms' tumor, but the most common mass in neonates 
is congenital mesoblastic nephroma. It is important to recognize that renal 
cell carcinoma may occur in any age group, particularly in adolescents. 
The diagnosis of infiltrative diseases such as lymphoma must also be 
considered, particularly when there are bilateral tumors. Other benign 
tumors such as multilocular cysts, angiomyolipomas, fibroma, and 
leiomyomas must also enter the differential diagnosis but, in general, are 
less common. 

t FIGURE 13-2. The two-hit theory of oncogenesis. In 1972, Knudson 
and Strong [6] proposed their two-hit theory of oncogenesis based on the 
childhood tumor of retinoblastoma. This theory has persisted over the 
ensuing years and is thought to apply to Wilms' tumor. There clearly 
seems to be a genetic basis for Wilms' tumor. Three Wilms' tumor onco
genes have been identified: WTI at llpl3; WT2 on 11p15; and the WT3 
oncogene, which has been postulated in several different locations [7 ,8]. It 
is also well recognized that the premalignant tissue postulated by Knudson 
and Strong [6] is present as nodular blastema, in 25% to 40% of unilateral 
Wilms' tumors, and up to 100% of bilateral Wilms' tumors [9]. 

t FIGURE 13-3. Clinical syndromes related to Wilms' tumor. One of 
the more fascinating aspects ofWilms' tumor is its relationship to other 
clinical syndromes. This clearly supports the genetic basis of Wilms' tumor 
because it is known to occur in patients with specific diseases and clinical 
syndromes. Although slightly less than 1% of patients with Wilms' tumors 
have aniridia, one third of patients with sporadic aniridia develop a Wilms' 
tumor [1]. Children with hemihypertrophy or Beckwith-Wiedemann 
syndrome consisting of macroglossia, visceromegaly, and omphalocele are 
also at increased risk for the development ofWilms' tumors [10]. The 
Denys-Drash syndrome is the association of Wilms' tumor, ambiguous 
genitalia, and glomerular disease usually presenting with renal failure [ 11]. 
The WAGR syndrome consists ofWilms' tumor, aniridia, and mental 
retardation; the Perlman syndrome is a familial syndrome consisting of 
visceromegaly, macrosomia, polyhydramnios, abnormal facies, and an 
increased risk of nephroblastomatosis and Wilms' tumor [ 12]. 
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PRESENTATION AND EVALUATION 

t FIGURE 13-4. Presentation of patient with Wilms' tumor. A palpable 
mass (A) is the most common presentation ofWilms' tumor. A total of 
95% of patients present with a palpable abdominal mass [ 13]. Other signs, 
including pain, vomiting, fever, hypertension, and hematuria, may be seen 
to a lesser degree. Complications of the tumor, such as trauma leading to 

hemorrhage (B), may also occur. Patients with renal cell carcinoma, 
however, usually present with vague systemic symptoms such as fever, 
malaise, and weight loss, as opposed to a mass as seen in those with Wilms' 
tumor, leading to a somewhat delayed diagnosis [ 14, 15]. 

t FIGURE 13-5. Five-year-old girl with Beckwith-Wiedemann syndrome. She had hemihyper
trophy involving her hands (A) and tongue (B). Two Wilms' tumors in her right kidney were 
detected on a surveillance program (C). Patients who are at high risk, such as those with sporadic 
aniridia, Beckwith-Wiedemann syndrome, or hemihypertrophy should be screened and followed. 
The risk for these patients seems to be limited to approximately 7 years of age, so it is suggested that 
patients have a physical examination and ultrasound every 3 months until that age [ 16]. This allows 
for early detection of a tumor and perhaps early surgery and limited adjuvant therapy. 
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Staging of Wilms' Tumor 
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t FIGURE 13-6. Computed tomographic (CT) scan of an abdominal 
mass. Pediatric renal tumors usually present with an abdominal mass. An 
ultrasound should be obtained initially to differentiate a cystic mass from a 
solid one. If a solid mass is seen, the vena cava may be screened initially by 
ultrasound for its patency. CT scanning and magnetic resonance imaging 
(MRI) are the modalities of choice for further evaluation. MRI offers 
better visualization of the vena cava and is more sensitive for nephroblas
tomatosis. However, CT scans are more easily obtained and simplifY the 
evaluation because it may be combined with CT of the chest to rule out 
lung metastases. A routine urinalysis, creatinine level, and complete blood 
count should be obtained. If the vena cava is noted to have a tumor 
thrombus by either ultrasound or MRI, the distal extent of it must be 
delineated. Approximately 20% of patients with caval thrombus have an 
intra-atrial extension, and superior vena cavography or echocardiography 
may be required [17]. Angiography is rarely used in the evaluation of 
patients with Wilms' tumor. 

t FIGURE 13-7. Staging ofWilms' tumor. This staging is based on 
surgical findings and histopathologic confirmation. The use of adjuvant 
chemotherapy, radiotherapy, or both depends completely on the staging of 
the tumor; therefore, accurate staging must be performed. Staging is 
straightforward, with stage I being limited to the kidney and completely 
excised. Stage II tumors are completely excised but may extend beyond the 
renal capsule or into the renal sinus on a histopathologic basis. Local 
tumor spillage or the presence of a tumor thrombus also mandates a stage 
II classification. Any tumor that is incompletely excised, including the 
presence of lymph nodes positive for the tumor, is stage III if limited to 
the abdomen. Stage IV tumors are those with distant metastases that 
usually involve the lung, liver, and, less often, bone and brain. Finally, 
stage V represents bilateral Wilms' tumors, which occur in 5% to 10% of 
cases. Stage V does not necessarily portend a worse prognosis than the 
other stages. 

HI STOPATHOLOGY 

t FIGURE 13-8. (See Color Plates) Histopathology of renal tumors in 
children. A, A classic Wilms' tumor consists of epithelial cells, blastema 
cells, and stromal cells. In the National Wilms' Tumor Studies [3-5], the 
histopathologic appearance of the tumor clearly was the most important 
prognostic factor for Wilms' tumor. Favorable-histology tumors, which have 
the classic Wilms' tumor appearance without any anaplastic elements, have 
survival rates of more than 90% regardless of the stage at presentation [5). 

(Continued on next page) 
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t FIGURE 13-8. (Continued) B, Unfavorable-histology tumors contain 
either focal or diffuse anaplasia, and the survival rates are significantly less 
than that for favorable-histology tumors. Unfavorable histology, which 
occurs in only 5% of patients with Wilms' tumors, may account for as 
many as 40% of the deaths [3]. It is essential that the tumors be carefully 
examined for anaplasia because different and more intense treatment is 
required to improve survival rates. 

t FIGURE 13-9. (See Color Plate) Subcortical nephrogenic rests or 
nodular renal blastema. This is fetal tissue that normally regresses in late 
fetal life. This tissue has been demonstrated, however, in 1% to 2% of 
perinatal autopsies. It is seen in 25% to 40% of neonates with Wilms' 
tumors and as many as 100% of patients with bilateral Wilms' tumors [9]. 
This persistent fetal tissue may represent Knudson and Strong's [6] prema
lignant lesion and, if it does not regress, may lead to a Wilms' tumor. 

t FIGURE 13-10. Survival for patients with Wilms' tumor from 
NWTS-3 (National Wilms' Tumor Study 3). There have been four such 
Wilms' tumor studies, with more than 4046 patients entered. Although 
NWTS-4 has concluded, results have not yet been published. The last 
published results of survival are from the NWTS-3, as shown here [5]. 
These results clearly show the superior results that are achieved if the 
patient presents with a low-stage, favorable-histology tumor. 
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Adjuvant Treatment of Patients with Wilms' Tumor in NWTS-5 

Stage 

I 
II 
Ill and IV 
II- IV 

Histology 
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Favorabl histol gy 
Favorabl histology 
Unfavorable histology 

t FIGURE 13-11. Adjuvant treatment of patients with Wilms' tumor in 
NWTS-5 (National Wilms' Tumor Study 5). Surgery is indicated in 
patients in stages I to IV as the initial form of treatment, if feasible. The 
operation is accomplished transperitoneally. After abdominal exploration, a 
radical nephrectomy is performed and regional lymph nodes are sampled. 
According to the NWTS protocol, a thorough contralateral renal explo
ration is undertaken before nephrectomy, to rule out bilateral disease. 
Although preoperative chemotherapy is widely used in Europe, it is reserved 
in the United States for patients with bilateral tumors, suprahepatic caval 

t FIGURE 13-12. Computed tomography scan in a 7-month-old child 
who presented with hematuria. The scan demonstrates a large tumor in 
the left kidney that was palpable on a physical examination. Note the 
unsuspected right central tumor, confirming bilateral disease. Stage V 
tumors require a biopsy of each kidney and then chemotherapy, based on 
the higher stage tumor. 

Treatment 

Actinomycin D + vincristine 
Actinomycin D + vincri tine (+ doxorubicin for foca l anaplasia) 
Actinomycin D + vincristine + d xorubi in + radiation 
Vincristine + doxorubicin + etoposid + cyclopho phamide + radiation 

thrombus, or unresectable tumors (an intraoperative decision). 
Postoperative treatment for NWTS-5 is depicted here. Those with stage I 
favorable and unfavorable histology tumors are treated with surgery and 
then actinomycin D and vincristine for 18 weeks. This is also true for those 
with stage II favorable histology tumors. Those with stage III or IV favor
able histology tumors are treated with surgery and radiation therapy plus 
actinomycin D, vincristine, and adriamycin for 24 weeks. Patients with 
stage II, III, and IV unfavorable-histology tumors are treated with surgery, 
radiation therapy, and then an aggressive combination of chemotherapy. 

I Initial exploration and biopsies I 
{> 

I Chemotherapy based on clinical stage I 
~ 

J Second look after 3 courses of chemotherapy I 
~ ~ 

Bilateral partial 
Rebiopsy 

J. 
nephrectomies 

More chemotherapy with 
or radical and partial 

or without radiation 
nephrectomy if at least J. 

two thirds of one 
Third look with attempt at 

kidney can be preserved 
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t FIGURE 13-13. Management of bilateral Wilms' tumors. Bilateral 
Wilms' tumors represent a unique disease when compared with unilateral 
ones, and they are a true challenge to pediatric urologists. A conservative 
treatment has clearly been shown to be efficacious in the treatment of chil
dren with bilateral Wilms' tumors [18,19]. Because the majority of these 
patients do have favorable histology and are chemosensitive, chemotherapy 
is the mainstay of treatment. In addition, because many children do very 
poorly after bilateral nephrectomy, it is important to try to preserve as 
much renal tissue as possible. This is best accomplished by preoperative 
chemotherapy, with the shrinkage of the tumors and surgery playing a 
secondary role. If required, partial nephrectomies may be performed after 
chemotherapy rather than at the initial presentation. This approach to 
management relies on chemotherapy to reduce the tumors to a size that 
allows nephron-sparing surgery. Although not always possible, the need for 
bilateral nephrectomies or increased morbidity should be minimized. 
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OTHER RENAL TUMORS 

t FIGURE 13-14. Computed tomography scan of a neonate with a 
palpable abdominal mass demonstrating a congenital mesoblastic 
nephroma. This is the most common tumor in neonates. Often confused 
with Wilms' tumor, congenital mesoblastic nephroma is a clearly distinct 
rumor that represents more of a hamartoma. In almost all cases, it is a 
benign tumor cured by nephrectomy. A cellular variant of congenital 
mesoblastic nephroma has been reported with both local recurrence and 
metastasis to the brain [20-23]. This normally occurs in children older 
than 3 months of age. The surgeon and pathologist must be aware of this 
unique subset of patients with congenital mesoblastic nephroma. Many of 
these tumors are now being detected on prenatal ultrasonography. 

t FIGURE 13-16. Computed tomography scan depicting right renal 
cell carcinoma with a caval thrombus in a 14-year-old boy. It is important 
to recognize that renal cell carcinoma occurs in children [14,15]. Usually 
presenting with symptoms of advanced disease, as opposed to a mass, there 
is often a delay in diagnosis. Renal cell carcinoma may occur at any age, 
although it is more common in adolescents than in infants. As in adults, 
chemotherapy is not effective, so other forms of treatment continue to be 
sought for patients with metastatic disease. It is a rare tumor bur needs to 
be recognized by surgeons so that it is not treated as a Wilms' tumor. 

t FIGURE 13-15. Computed tomography scan of an 18-month-old 
child with clear cell sarcoma. A large right renal mass can be seen. 
Preoperative biopsy for purposes of chemotherapy diagnosed a clear cell 
sarcoma. Clear cell sarcoma of the kidney or the bone metastasizing tumor 
of childhood was first described in 1970 and was initially believed to be a 
variant ofWilms' tumor [24,25]. However, it has clearly been shown to be 
a sarcoma that is not related to Wilms' tumor either on a molecular or a 
histologic basis [26]. Clear cell sarcoma is unique in that it responds very 
well to treatment with doxorubicin. Initial survival rates were very poor in 
the National Wilms' Tumor Study until this recognition had been made. 
After doxorubicin was added to the regimen, patients with clear cell 
sarcomas attained survival rates of approximately 85% [5]. 

t FIGURE 13-17. Malignant rhabdoid tumor. Malignant rhabdoid 
·rumor of the kidney was initially thought to be a variant ofWilms' tumor. 
After the National Wilms' Tumor Study 1, however, it was recognized as a 
distinct tumor. It has a very poor prognosis, and aggressive chemotherapy 
must be initiated immediately in the postoperative period [27,28]. There 
are no radiographic criteria to differentiate malignant rhabdoid tumors 
from Wilms' rumors, but the histologic diagnosis is clear. 

This 3-year-old girl presented with an abdominal mass. Histologic 
examination of the nephrectomy specimen revealed a malignant rhabdoid 
tumor. She received aggressive adjuvant chemotherapy and survived. 
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t FIGURE 13-18. Cystic renal tumors. Shown is a 7-month-old child 
with a large abdominal mass (A). The ultrasound (B) shows a complex 
cystic mass confirmed on a computed tomography scan (C) and a 
magnetic resonance image (D). An intraoperative photograph (E) shows 
the size of the mass, confirmed on histologic examination as a cystic 
partially differentiated nephroblastoma. 

Cystic renal tumors consist of two lesions: cystic nephroma and cystic 
partially differentiated nephroblastoma. Both are hamartomas and are 
completely benign in nature. They are cured by nephrectomy, and no 
adjuvant therapy is required. However, rare local recurrences have been 
reported for each if there is intraoperative tumor spillage. 
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14 
Cystic Diseases of the Kidney 

Michael P. Solliday 
and Kenneth I. Glassberg 

This chapter is divided between genetic and nongenetic entities, and each 
subtype is discussed individually. There is a brief description of etiology, 
clinical features, histopathology, radiologic characteristics, and manage
ment possibilities for each cystic disease. 

In most cystic diseases of the kidney, whether congenital, sporadic, or 
acquired, the cysts arise from the nephron and collecting ducts after they 
have formed. Multicystic dysplasia is an exception representing a defect in 
embryologic development of the kidney, secondary either to a problem 
with the abnormal nephrogenic blastema, abnormal metanephric induc
tion, or obstruction early in fetal life. Multilocular cysts are another excep
tion and represent neoplastic growth. The exact nature of simple cysts is 
also not clear, and they may develop in kidneys that are structurally normal. 

Several factors have been implicated in human and experimental cystic 

diseases: 
1. Compliant basement membrane theory proposes that a defect in 

one or more basement membrane (BM) proteins alters the integrity of 
the tubule epithelium and results in faulty morphogensis. Winyard et 
a/. Ill studied the BM of infant polycystic kidneys and found that the 
loss of the ubiquitous BM constituent collagen IV ("the backbone of 
the BM") leads to cystic tissue transformation. They hypothesize that in 
other cystic transformations, a similar BM "dysregulation" may occur, 
resulting in the formation of cysts. 

2. The proliferative theory postulates that epithelial hyperplasia 
occurs in a disordered fashion, causing cystic dilatation. Nerlich 121 
chemically induced cyst formation in rats with phenol II and fo~nd 
that a potent cohesive factor termed clusterin appeared in the epithe
lial cells of the induced cysts. The clusterin was found only in the 

rapidly proliferating cells of the newly formed cyst. When the inciting 
agent was removed, the cysts disappeared and the clusterin was no 
longer found in the epithelium. This study lends compelling evidence 
for the role of epithelial hyperplasia in cyst formation. 

3. The obstructing-ballooning theory states that epithelial hyper
plasia obstructs the lumen of the tubule, causing obstruction and 
subsequent cyst formation [3). 

4. Sodium potassium adenosine triphosphate (Na/K-ATPase) is a 
transporting membrane protein found in the epithelial cell that may be 
involved in cystogenesis. It is believed that upregulation of the Na/K
ATPase pump causes abnormal net fluid transportation and the 



progression of cystic dilatation. The exact mechanism behind 

this upregulation in humans is not yet known [4]. 

5. Epidermal growth factor has also been indicated experi

mentally in cyst formation. 

Despite numerous animal models that have produced cysts by 

chemical injury to the tubules, the exact mode of cyst formation in 

humans remains unclear. 

t FIGURE 14-1. 

Classification of Cystic Diseases of the Kidney 
Classification of cystic diseases of the kidney [5]. 
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AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASE 

Although geneticists have gained much insight I Genetics of Autosomal Dominant Polycystic Kidney Disease J recently into the human genome, many ques-

!111•••••••••••••••••••••••••••••••••••~ tions concerning ADPKD remain unanswered. 
Variant 

AOPKD 1 
ADPKD 2 
AOPKD 3 

t FIGURE 14-2. 
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Genetics of autosomal dominant polycystic kidney disease (ADPKD). ADPKD is one of the most 
frequently inherited disorders, with an incidence of one in 1000 [6]. ADPKD causes renal failure in 
approximately 10% of the patients receiving chronic hemodialysis in the United States and Europe 
[7,8]. About 85% of the affected individuals have a mutation at the PKD-llocus on chromosome 
16 p13.3 [9]. Since the PKD-1 gene was identified in 1994, few mutations have been found [10]. 
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We do not know the function of the product of 
the PKDJ gene or how a mutation leads to the 
disease. Approximately 5% to 10% of cases are 
caused by a mutation in the long arm of chro
mosome 4 (ADPK-2 gene), and this causes a 
milder form of the disease [11]. The ADPKD-3 
gene genotype has been identified, but no 
genomic locus has been found to date [12]. 
Persons carrying the ADPKD gene manifest cysts 
in their kidney by age 30 and 50% of their 
offspring have the genetic trait because it is 
transmitted in an autosomal dominant fashion. 



CLINICAL FEATURES OF AUTOSOMAL DOMINANT POLYCYSTIC DISEASE-I • -

Presentation and Clinical Features of Autosomal 
Dominant Polycystic Kidney Disease 
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t FIGURE 14-3. 
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Presentation and clinical features of autosomal dominant polycystic kidney disease (ADPKD). 
ADPKD presents differently in affected individuals and even within members of the same family. 
The disease can have a neonatal onset, and the most common feature in this age group is 
renomegaly. Respiratory distress and stillbirths are possible in severe cases. Because of the increased 
numbers of children undergoing renal screening and prenatal sonography, large numbers of children 

with renal cysts are being identified. The adult 
presentation of ADPKD has changed over the 
past decade. Previously, ADPKD diagnosed in 
adults was divided into groups. The first group 
presents in the fourth decade oflife with flank 
pain, hematuria, urinary tract infection, 
gastrointestinal symptoms, and renal colic. The 
gastrointestinal symptoms are most likely 
secondary to mechanical compression on the 
bowels by the kidneys, and the colic is secondary 
to stone or blood clot passage. The second group 
presents a decade later with hypertension and 
renal insufficiency. Currently, with blood pres
sure monitoring of all persons at risk, hyperten
sion has become the most common presentation 
in older patients [12]. Renal failure is rare before 
40 years of age. ADPKD is associated with cysts 
in other organ systems including liver, spleen, 
and lung, as well as aneurysms of the circle of 
Willis. ADPKD can also be associated with 
cardiac valvular disorders, aneurysms of coronary 
arteries and aorta, inguinal and abdominal wall 
hernias, and colonic diverticuli. 

• RISK FACTORS IN AUTOSOMAL POLYCYSTIC DISEASE· 

End-Stage Renal Risk Factors for Autosomal Dominant Polycystic 
Kidney Disease Patients 

ADPKD-1 
Age at time of diagnosis < 30 y 
D v lopment of hypertension b fore ag 35 y 
Epi od of gross hematuria 

t FIGURE 14-4. 
Risk factors for end-stage renal disease patients with autosomal dominant kidney disease (ADPKD). In 
one series of 1215 patients with ADPKD, Johnson and Gabow [ 12] identified those groups of patients 
with worse renal survival and those with the greatest risk of end-stage renal disease. They found that 

Cystic Diseases of the Kidney 

155 

patients with ADPKD-2 had longer renal survival 
than patients with ADPKD-1 (median survival, 
68 vs 52 years). Patients diagnosed befixe the age 
of 30 and those who develop hypertension before 
the age of 35 had worse renal survival than those 
diagnosed after age 30 and those who remain 
normotensive after age 35. Those patients who 
had an episode of gross hematuria had a worse 
renal outcome than those who did not (relative 
risk ratio, 2.6). Those individuals considered to 

be at high risk might require closer follow-up and 
consideration for therapeutic interventions when 
they become available [12]. 



t FIGURE 14-5. 
Computed tomographic (CT) image of adult patient with autosomal 
dominant kidney disease (ADPKD). Bilateral renal cysts are seen, as well 
as large cysts in the liver. Histologically, the cysts may be a few millimeters 
to several centimeters in size and occur diffusely throughout the cortex and 
medulla. The basement membrane is often thickened, and the epithelial 
lining may be hyperplastic, leading to adenoma formation in the cyst. The 
incidence of renal cell carcinoma is no higher than that in the general 
population. This finding seems contradictory considering that renal cell 
carcinoma in the patient with ADPKD is more often multicentric (28% vs 
6%), sarcomatoid in type (33% vs 1% to 5%), and often bilateral (12% vs 
1% to 5%) [13]. At this time, CT scan is the most accurate radiologic 
imaging study to identifY cysts in the kidney as well as associated organs. 
The best diagnostic study on the horizon, however, is cytogenetic 
screening. The treatment is geared toward the organ system affected and is 
supportive in nature. Hypertension is controlled, renal stones are dealt 
with, salt and protein intake is regulated; and in the end stages, dialysis 
and transplantation are performed [11]. These patients are now living 
longer owing to our improved ability to deal with infections, high blood 
pressure, renal calculi, and renal failure. 

RECESSIVE (" INFANTILE") 
KIDNEY DISEASE 

AUTOSOMAL 
POLYCYSTIC 

t FIGURE 14-6. 
Newborn with autosomal recessive polycystic kidney disease (ARPKD). 
This child has large grossly palpable kidneys occupying more than 50% of 
the abdominal cavity and a normal-sized liver. In the past, ARPKD has 
been referred to as the "infantile" form. This term is misleading because 
the disease can first manifest in adolescents and young adults, although 
this occurs rarely. The reported incidence of ARPKD varies from country 
to country, with a frequency of about one in 10,000 in Finland [14] to 
about one in 40,000 live births elsewhere. More than half of the affected 
newborn infants die soon after birth. ARPKD has a varied spectrum of 
presentation, with the most severe form presenting at birth. Some children 
present later in childhood (generally by age 13, rarely extending to the 
20s), and most of these patients have congenital hepatic fibrosis . 
Geneticists have recently assigned the only known locus for this disorder, 
PKHD 1, to chromosome 6p21-P12 (chromosome 6locus p21 -p12). 
Research is currently under way to clone positionally the PKHD-1 gene 
[15]. (From Glassberg [16]; with permission.) 
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• HISTOLOGY OF AUTOSOMAL RECESSIVE POLYCYSTIC DISEASE • 

t FIGURE 14-7. 
Histology of autosomal recessive polycystic kidney disease (ARPKD). 
Histologically, the ARPKD kidney retains its fetal lobulation with the 
cortex crowded with minute cysts. The primary abnormality is in the 
collecting ducts, which are saccular and dilated, and arranged in a radial 
array extending from the calyx to the renal capsule. The renal pelvis and 
ureter are not affected. The liver demonstrates varying degrees of peri
portal fibrosis and ectatic biliary ducts in all affected [17]. 

A, The histologic appearance of kidney affected with ARPKD with 
dilated tubules radiating from the calyx out to the capsule. B, The histo
logic appearance of the liver illustrating ectatic ducts in the left half of the 
figure and extensive periportal fibrosis in the upper margin. (From 

Glassberg [18]; with permission.) 

t FIGURE 14-8. 
In utero ultrasound of an IS-week-gestation fetus demonstrating homoge
neous hyperechogenic kidneys bilaterally. Lucency in the center of each 
kidney represents a full renal pelvis, proven postnatally. Two older siblings 
had previously been diagnosed with autosomal recessive polycystic kidney 
disease (ARPKD). 

In utero ultrasonography often reveals oligohydramnios secondary to 
diminished fetal urine production. In both the fetus and newborn, ultra
sonography of the kidneys reveals a large kidney with a homogeneous 
hyperechogenicity. This increase in echosignals is due to the tightly packed 
dilated collecting ducts that create multiple interfaces for the sound waves 
to bounce off. The liver is less echogenic. With the advent of high-resolu
tion ultrasonography, ultrasound is better able to demonstrate the under
lying pathologic state in the perinatal period, and CT is rarely required. 
Although most ADPKD kidneys in neonates have large cysts, on rare occa
sion, a neonate with ADPKD may also have large hyperechoic kidneys 
resembling ARPKD. As the child with dominant disease ages, the kidneys 
become enlarged with many cysts. In the child with recessive disease, the 
kidneys will develop large cysts with time, but eventually the kidneys 
decrease in size with advancing age [ 19]. 

This sonogram of the left kidney in an infant with ARPKD illustrates 
the homogeneously hyperechoic kidneys in marked contrast to the less 
echogenic liver. The increased echogenecity is due to the multiple inter
faces created by the dilated medullary ducts. (From Grossman et al. [ 20]; 
with permission.) 
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Differential Diagnosis of the Infant with Hyperchoic, Enlarged Kidneys 
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t FIGURE 14-9. 
The differential diagnosis of the infant with hyper
echoic, enlarged kidneys. To date, no cure has been 
found for autosomal recessive polycystic kidney 
disease (ARPKD). The future lies in genetic engi
neering and alteration of the human genome. 
Currently, care is primarily supportive. The neona
tologist can offer respiratory support, hypertension 
can be controlled with medication, and congestive 
heart failure and renal and hepatic failure can be 
managed temporarily medically. Patients who 
develop portal hypertension may require left renal 
vein-to-splenic vein bypass. Ultimately, hemodial
ysis and renal transplantation may be required. 

JUVENILE NEPHRONOPHTHISIS AND MEDULLARY 
CYSTIC DIS EASE COMPLEX 

of Medullary Cystic Disease and Juvenile Nephronophthisis 
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t FIGURE 14-10. 
Comparison of medullary cystic disease and 
juvenile nephronophthisis. Juvenile 
nephronophthisis (JN) and medullary cystic 
disease (MCD) are similar clinically and 
anatomically, but they have a different genetic 
transmission and clinical onset. Both entities 
have been known by other names in the litera
ture, such as salt-losing enteropathy, uremic 
sponge kidney, and uremic medullary cystic 
disease. Both can occur sporadically, but JN is 
usually inherited as an autosomal recessive trait 
and manifests between the age of 6 and 20 years. 
Linkage analysis has assigned a locus on chromo
some 2, and further characterization using poly
merase chain reaction has led to a precise nonin
vasive method for diagnosis in the majority of 
patients suspected of having JN [21]. M CD is 
inherited in an autosomal dominant fashion and 
presents in the patient's 30s. 



·CLINICAL FEATURES OF NEPHRONOPHTHISIS • 
AND MEDULLARY CYSTIC DISEASE 

t FIGURE 14-11. 
Clinical features of juvenile nephronophthisis (JN) and medullary cystic 
disease complex (MCD). Gross appearance of a sectioned and subcapsular 
surface of a kidney from a patient with MCD. Cysts are found at the corti
comedullary junction. 

Juvenile nephronophthisis and MCD represent an interstitial nephritis 
that leads to terminal renal failure. Polydipsia and polyuria are seen in 
more than 80% of the cases. These children are unable to concentrate 
urine, have sodium wasting, and are frequently anemic. The child's growth 
is slowed and he or she often presents with malaise, anemia, excessive 

nocturnal enuresis, and polyuria [22]. JN can be associated with a variety 
of extrarenal symptoms, including retinal disorders, hepatic fibrosis, 

skeletal abnormalities, and mental retardation. The kidneys are initially 
normal in size, but over time, the kidney atrophies and develops a granular 
surface, and cysts appear at the corticomedullary junction. Histopathology 
reveals an increase in glomerular mesangial cellularity and matrix, mild 
focal tubular atrophy, and alternating thickening and thinning of renal 
tubule basement membrane [23]. Sonography reveals renal 
hyperechogenicity, poor corticomedullary differentiation, corticomedullary 
cysts, and small kidney size. Renal cysts and renal atrophy usually appear 
later when the disease has progressed [24]. Thin-section CT has shown 

promise in the imaging of small medullary cysts [25]. The treatment 
involves sodium replacement early in the disease course and ultimately 
dialysis and renal transplantation. The allograft is not susceptible to the 
same disease process [26]. (From Kissane [27]; with permission.) 
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CONGENITAL NEPHROSIS 

I 

Comparison of Finnish-Type Congenital Nephrosis and Diffuse 
Mesangial Sclerosis 
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t FIGURE 14-12. 
Comparison of Finnish-type congenital nephrosis and diffuse mesangial sclerosis. 

Congenital nephrosis predominately occurs in two forms. The more common Finnish type is an 
autosomal recessive disorder characterized by massive proteinuria in utero and nephrosis at birth. 
The reported incidence is 1 in 8200 in Finland [28]. The other type, diffuse mesangial sclerosis 
(DMS), is rare, usually the result of a consanguineous marriage [29]. The Finnish type is usually 
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discovered at birth when a grossly enlarged 
placenta is delivered. The neonate has massive 
proteinuria and develops edema within the first 
few days oflife. The large amount of protein lost 
in the urine essentially starves the baby and 
makes the baby susceptible to infections. 
Without dialysis, half of the patients die before 6 
months; the rest are dead by their fourth 
birthday [30]. In DMS, the placenta is not 
affected and the onset of symptoms varies. The 
diagnosis is usually made by 1 year of age and 
the child will have end-stage renal disease by 3 
years of age. Both types of congenital nephrosis 
have normal-sized kidneys and proximal tubule 
dilatation. In both conditions, the glomeruli 
podocytes fuse and there is interstitial fibrosis. 
Later in the disease process, the glomeruli 
become sclerotic and contracted. The 
nephropathy of Denys-Drash syndrome (DDS; 
nephrotic syndrome associated with pseudoher
maphroditism or Wilms' tumor) is DMS. A 
mutation in the WT I gene, which is a transcrip
tion factor involved in renal and gonadal devel
opment, has been implicated in DDS [31]. The 
Finnish type can be diagnosed in utero by the 
sixth week of pregnancy due to the elevated 
levels of a-fetoprotein. These children are 
susceptible to septic infections associated with 
invasive neonatal monitoring. Antibiotics that 
have good staphylococcus coverage should be 
instituted in the nephrotic child who is not 
doing well [32]. Once the kidneys have failed, 
transplantation can be curative. 



MULTIPLE MALFORMATION SYNDROMES 
ASSOCIATED WITH RENAL CYSTS 

A. Autosomal Dominant Malformation Syndromes Associated with Renal Cysts 
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Malformation syndromes associated with renal cysts. Many multiple malfor
mation syndromes are associated with renal cysts. A, Tuberous sclerosis (TS) 
and von Hippel-Lindau disease are the most significant. TS has a prevalence 
of between 1:9000 to 1:170,000 infants [33]. It is characterized by hamar
tomas in the brain, eye, kidney, and skin. TS is often associated with 
epilepsy (80% of cases), mental retardation (60% of cases), adenoma 
sebaceum (75% of cases), and retinal phakomas (50% of cases) [33,34]. 
Renal lesions associated with TS include simple cysts, angiomyolipomas, 
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and renal cell cancer. About half of the TS patients have an identifiable renal 
lesion, with 75% of the lesions being angiomyolipomas. The second most 
common lesion is a simple renal cyst, which is seen in 17% of patients [34]. 
Angiomyolipomas are more likely to grow than remain stable, and periodic 
imaging is suggested in children with TS [34]. Because 
the neurologic sequelae are managed more effectively, the urologist can 
anticipate seeing more of these patients with renal masses. 

(Continued on next page) 
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B. Autosomal Recessive Malformation Syndromes Associated with Renal Cysts 
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C. X-linked Dominant Malformation Syndrome Associated with Renal Cysts 
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D. Chromosomal Disorders Associated with Renal Cysts 
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von Hip pel-Lindau disease (VHL) is an autosomal dominant syndrome characterized by cysts of the 
pancreas, kidney, and epididymis. It is also associated with cerebellar hemangioblastomas, retinal 

angiomata, renal cell, and pheochromocytomas 
[35,36]. About 60% of patients with VHL have 
renal cysts [37]. Renal cell carcinoma is found in 
25% to 45% of patients, and it is commonly 
mulrifocal and bilateral [38]. Screening for renal 
cancer is essential for these patients because it is 
the most common cause of death in patients with 
VHL [39]. B-D, Some of the more common 
malformation syndromes associated with cysts are 
categorized according to mode of transmission. 
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M EDULLARY SPONGE KIDNEY 

t FIGURE 14-14 
Medullary sponge kidney (MSK). MSK is a developmental disorder charac
terized by cystic and ectatic malformation of the collecting ducts and 
tubules [ 40]. The prevalence of MSK in renal stone formers is significantly 
higher than that in the non-stone-forming population (8.5% vs 1.5%). 

However, the prevalence in the general population is unknown because a 
significant number of people with MSK are not symptomatic [41). MSK is 
not inherited and is often associated with developmental disorders, 
including congenital hemihypertrophy [40], anodontia, Caroli's disease, and 
Ehlers-Danlos syndrome [42]. The patient with MSK is usually not symp
tomatic before 20 years of age, and most initially present with renal colic. 
The patients can also present with urinary tract infections and hematuria 
[43). MSK histologically is characterized by small medullary cysts and 
dilated intrapapillary collecting ducts. The cysts may communicate with 
each other, and with the proximal collecting tubule and calyx. The intra
cystic milieu of cellular debris, defect in renal acidification, and high urine 
pH leads to the formation of calcified intraluminal concretions composed of 
calcium oxalate or apatite [ 44]. These concretions can erode through the 
cyst wall and papillary wall, and pass into the renal pelvis as a stone. The 
best test to diagnose MSK remains intravenous urogram. The classic 
urographric findings are renal enlargement, papillary calcification, and elon
gated linear papillary contrast blush. Hypercalciuria is seen in 40% to 50% 
of patients, and MSK can be associated with hyperparathyroidism. 

Shown is an intravenous urogram in a 9-year-old girl presenting with 
hematuria and found to have MSKs. Note the characteristic papillary 
blush and puddling adjacent to each calyx. (From Glassberg et al. [ 45]; 
with permission.) 

t FIGURE 14-15. 
Spiral CT demonstrating renal papillary calcifications in both kidneys. CT 
scan can be used when a patient has poor renal function or the intravenous 
urogram is compromised by overlaying stool or bowel gas. 

The management of medullary sponge kidney (MSK) deals mainly 
with calculus formation and infection. In those patients diagnosed with 
renal stones, the management is the same as that used for the patient 
without MSK. The stone clearance rate using extracorporeal shock-wave 
lithotripsy is similar to that of patients without MSK [ 46). Thiazides may 
be administered to reduce hypercalciuria and limit stone formation. 
Alkalinization and the use of inorganic phosphates may be appropriate in 
certain cases. The long-term prognosis is good as long as stones and 
urinary tract infections are treated effectively. 
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SPORAD IC GLOMERULOCYSTIC KIDNEY DISEASE 

Conditions Associated with Glomerular Cysts 

yndr m 

typ I 
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t FIGURE 14-16. 
Conditions associated with glomerular cysts. The term glomerulocystic 
designates that cysts of Bowman's space or glomeruli are present diffusely 
and in both kidneys. The presence of glomerular cysts does not prove that 
the patient has glomerulocystic disease. Cysts of the glomeruli are seen in 
many conditions. Classically, glomerulocystic disease is defined as a nonin
heritable condition, producing bilaterally enlarged kidneys, which contain 
cysts in Bowman's space [ 46]. Recently, a large, three-generation black 
family with glomerulocystic kidney disease seen in all generations was 
studied. Linkage studies demonstrated a locus distinct from autosomal 
dominant polycystic kidney disease loci (PKDJ and PKD2) that was trans
mitted from a father to his sons, suggesting autosomal dominant transmis
sion. This study suggests that dominantly transmitted glomerulocystic 
kidney disease is a distinct genetic entity, not a new mutation of autosomal 
dominant polycystic kidney disease [47]. This finding further confuses the 
classification of glomerulocystic kidney disease. Nevertheless, as more of 
the human genome is studied, these areas may be elucidated. 

ACQUIRED RENAL CYSTIC D ISEASE 

t FIGURE 14-17. 
Acquired renal cystic disease (ARCD). ARCD was initially thought to occur 
only in patients on hemodialysis, but it appears to be a feature of end-stage 
kidney disease, even before the initiation of hemodialysis and in patients 
receiving peritoneal dialysis [48]. The lack of uniform criteria to define 
ARCD has led to a wide range of reported incidences. ARCD may be seen 
in as many as 8% to 13% of azotemic patients not treated with dialysis 
[49,50]. The condition is seen more frequently in patients on hemodialysis 
because hemodialysis extends the time that cysts can develop. The preva
lence of ARCD is 10% to 20% at 3 years of hemodialysis, 40% to 60% at 3 
to 5 years of hemodialysis, and greater than 90% after 5 to 1 0 years of 
hemodialysis [49]. Serial radiologic imaging has demonstrated an increase in 
renal volume and cyst number with time [51]. The exact mechanism under
lying cyst formation is not known. It is postulated that interstitial scarring 
and progressive loss of renal tissue leads to tubular obstruction. In turn, 
there is an accumulation of cystogenic substances causing the hyperplasia 
and hypertrophy of surviving nephrons with accumulation of fluid in the 
hyperplastic renal tubule [52] . ARCD affects both sexes, but the severity of 
cystic transformation appears to be greater in men than in women [53]. 

This renal sonogram of a 10-year-old patient on hemodialysis for 3 
years shows increased renal echogenicity, loss of corticomedullary differen
tiation, and multiple sonolucent areas that represent cysts. 

The majority of patients with ARCD are asymptomatic, but they can 

present with retroperitoneal hemorrhage and metastatic renal carcinoma 
[54]. There appears to be a three- to six-fold increased incidence of 
clinically significant renal cancer in dialysis patients [55,56] . 

This renal sonogram of a 1 0-year-old patient on hemodialysis for 3 
years shows increased renal echogenicity, loss of corticomedullary differen
tiation, and multiple sonolucent areas that represent cysts. 

Many questions are raised regarding the management and radiologic 
imaging of patients with acquired cystic disease. Cardiac disease, infection, 
cerebrovascular accidents, and withdrawal from dialysis account for most 
deaths of patients on dialysis, not malignancies [57]. It has been suggested 
that because the frequency of ARCD increases significantly after 3 years of 
dialysis, screening should be instituted after completion of the third year of 
dialysis [49] . An effective screening program would require annual ultra
sound or CT scans. Sarasin et al. [50] concluded that the average gain in 
life expectancy was not large enough to justify routine screening in older 
dialysis patients. They found that the mortality rate associated with radical 
nephrectomy for the discovery of small asymptomatic renal tumors in the 
older dialysis patient with severe cardiovascular disease may actually 
decrease the survival time for these patients [50] . Several authors have 
suggested a selective screening program of patients with known risk factors 
for carcinoma, including prolonged dialysis [58], male gender [59], and 
large kidneys [60]. The literature on the influence of renal transplantation 
on ARCD and renal neoplasms after transplantation is contradictory. In a 
longitudinal study of transplant recipients, Ishikawa et al. [61] showed 
variable responses of renal cysts in the native kidneys of patients with 
successful renal transplantation. Some patients showed an increase in the 
number of cysts, whereas some showed a decrease [61]. It has been postu
lated that ARCD patients who have undergone successful renal transplan
tation are at an increased risk for developing renal cancer in their native 
kidneys due in part to immunosuppressive therapy [62] . Several authors 
reject this theory, and some have found that the prevalence of renal cell 
carcinomas is the same in patients with ARCD on hemodialysis or post
transplantation [ 63,64]. The prospective transplant recipient should have a 
renal ultrasound preoperatively. Also, because most of these patients have 
routine ultrasound studies of the transplanted kidney, the native kidney 
should be imaged at the same time. (Courtesy ofRH Barth, MD.) 
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t FIGURE 14-18. 

MULTICYSTIC DYSPLASTIC KIDNEY 

MCDK is a nonhereditary, developmental anomaly associated with 
multiple cysts of variable size and number in one or both kidneys. 
Unilateral MCDK is one of the most common abdominal masses in the 
newborn and is the most common form of renal cystic disease in children 
[65). Both sexes are affected equally [66]. Most children have no symp
toms, but there is a relatively high incidence of contralateral anomalies, 
including ureteropelvic junction obstruction and other ureteral anomalies 
[67,68). The left kidney is more commonly involved, just as it is in 
primary congenital megaureter and ureteropelvic junction obstruction 
[ 69,70 ). There have been isolated reports of the association of M CD K 
with hypertension, malignancy, and infection, but the true incidence 

Multicystic dysplastic kidney (MCDK). A primitive duct is seen with the 
concentric arrangement of connective tissue and smooth muscle encircling 
the duct. This is a typical finding in the dysplastic kidney. 

may be no higher than for normal kidneys. When a child is born with 
bilateral multicystic kidneys, they are often stillborn or die soon after 
birth [ 67). These children usually have Potter facies and severe 
pulmonary hypoplasia due to oligohydramnios [71]. The most common 
presentation in adults is abdominal pain that resolves after nephrectomy 
in half of the patients [72). The role of nephrectomy may be justified to 
treat symptoms. No study has clearly shown an increased incidence of 
malignancy or hypertension in the patients with MCDK [73). (From 

Glassberg [74); with permission.) 

t FIGURE 14-19. 
Multicystic dysplastic kidney with multiple cysts and minimal renal parenchyma. This is typically 
called a "bunch of grapes" and represents a Potter type II A form. Grossly, multicystic dysplastic 
kidney (MCDK) is composed of multiple cysts with little or no normal renal parenchyma. MCDK 
is associated with an atretic or absent ureter, atresia or hypoplasia of renal pelvis, and small or absent 
renal artery [71). Microscopically, there are primitive glomeruli, primitive ducts lined by tall 
columnar epithelial cells surrounded by concentric rings of connective tissue, cartilage, and an occa
sional mature glomerulus [75). Two forms of dysplasia are described: multicystic dysplasia and 
diffuse cystic dysplasia. In multi cystic dysplasia, the cysts tend to be larger with minimal stroma 
present. In diffuse cystic dysplasia, the cysts tend to be smaller with more stroma. Potter referred to 
the large cystic variety as type IIA and the smaller cystic variety as liB disease [7 6). Cysts in M CD K 
are classically described as noncommunicating. However, recently, Glassberg et al. [77] studied seven 
multicystic dysplastic kidneys with ex vivo intracystic contrast injection and found communication 
between cysts in all. 
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Benign multilo ular y I 

t FIGURE 14-20. 
The spectrum of neoplastic lesions ranging from multilocular cyst to cystic 
Wilms' tumor. Currently, most pregnant mothers have antenatal sana
grams and the urologist is called on to evaluate more newborns with ante
natally diagnosed hydronephrosis. The most important distinction to 
make is between hydronephrosis and multicystic kidney. In the patient 
with multicystic dysplastic kidney (MCDK), ultrasound reveals a lateral 
location oflarger cysts, visible interfaces between cysts, and absence of a 
distinct renal sinus [78]. The cysts tend to be haphazardly distributed, 
with minimal renal parenchyma identifiable [78]. The patient with 
ureteropelvic junction obstruction has a dilated renal pelvis with commu
nications to the dilated renal calyces. If the diagnosis is unclear, a 99mT c
mecaptoaceryltriglycine or 99mTc-dimercaptosuccinic acid renal scan may 
be used. The obstructed kidney usually demonstrates function with collec
tion of contrast in the dilated renal pelvis, whereas the MCDK concen
trates only enough agent to be faintly visible. The study also allows the 
physician to evaluate the function of the contralateral kidney [79]. Voiding 
cystourethrography should also be used in the initial work-up to rule out 
contralateral vesicoureteral reflux that can be seen in 20% to 28% of the 
patients with MCDK [67,80]. Early management of these patients deals 

with the contralateral kidney. The MCDK is usually only removed in the 
neonate if it is so large that it causes feeding or respiratory problems. The 
dysplastic kidney decreases in size in 60% to 65%, disappears in 20%, 
increases in size in 15% to 19%, and remains unchanged in 3% to 16% 
[81 ,82]. The majority of multicystic dysplastic kidneys that decrease in size 
or undergo complete involution do so over the first 2 years oflife [83]. 
The debate over operative and nonoperative management of neonatal 
dysplastic kidneys continues. The child with unilateral MCDK is at 
minimal risk for infection, pain, or hypertension. The primary concern is 
always malignancy, but with a maximum risk of 0.1% for the development 
of the Wilms' tumor, controversy exists as to the benefit of any screening 
regimen [84]. Most urologists would advocate nephrectomy if the diag
nosis is uncertain, if adequate follow-up is not possible owing to social 
issues, or if the patient is symptomatic [85]. 

Multilocular cystic nephroma (MCN). The definition of a multilocular 
cyst is somewhat unclear. It is not a renal segment affected by multicystic 
disease, and it is not clear if it is a harmartomatous malformation, a 
neoplasm, or a segmental form of dysplasia. The multilocular mass in a 
kidney can be a benign multilocular cyst, a multilocular cyst with partially 
differentiated Wilms' tumor, multilocular cysts with nodules of Wilms' 
tumor, or a cystic Wilms' tumor. Beckwith and Kiviat [86] believe that the 
multilocular cyst lies at one end of a spectrum and cystic Wilms' tumor at 
the other. It is not proposed that one lesion transforms into the other, but 
all of these lesions may derive from similar tissue. Hemihypertrophy and 
aniridia, which are often associated with Wilms' tumor, have not been seen 
in a patient with a multilocular cyst [87]. MCN in men has two peak ages: 
less than 4 years old and again in the 50s or 60s. In women, two peaks are 
seen: 4 years old to the age of20 and again between the ages of 40 and 60. 
Children usually present with an asymptomatic flank mass, whereas adults 
present with hematuria or abdominal pain [88]. The hematuria in adults is 
secondary to herniation of the cyst through the calyx into the collecting 
system [89]. MCNs are almost always unilateral, but there have been a few 
reported instances of bilateral multilocular cysts [90,91]. 
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t FIGURE 14-21. 
Benign multilocular cyst. A, Renal ultrasound of a kidney with a large mass 
having sonolucent cystlike areas. Note the bright white areas representing 
the posterior cyst walls that are acoustically enhanced by the cyst fluid. 
B, Sagittal section through the kidney demonstrates a multinodular cyst and 
a crescent of preserved renal parenchyma in the lower right corner. 

Grossly, a multilocular cystic nephroma is a bulky, sharply demarcated 
lesion with a thick capsule. The cysts are distinct from the adjacent normal 
renal parenchyma. As the lesion grows, it may encroach on the renal pelvis, 
compress adjacent renal parenchyma, or extend beyond the renal capsule 
into surrounding perinephric fat. The loculi may range in size from several 
millimeters to several centimeters. The loculi are lined by low columnar or 
cuboidal epithelium and filled with a straw-colored fluid . There is no 
communication between loculi [92]. The septa contain collagenous tissue 
and spindle cells but no nephrons. When the septa contain embryonic 
mesenchyme or primitive tubules, the exact nature of the lesions comes 
into question, which may lend credence to the lesion being part of a 
neoplastic spectrum [93,94]. 

A benign multilocular cyst probably represents a neoplastic lesion; 
therefore, the term multilocular cystic nephroma is preferred by some. This 
term should only be used when the lesion is composed entirely of differen
tiated tissues, with no embryonal or blastema! elements. The designation 
of"multilocular cysts with partially differentiated Wilms' tumor" should 
be applied to those cystic lesions lacking nodular regions, with blastema! 
or embryonal cells present in the septa of the cysts [95]. The term multiloc
ular cyst with nodules oJWilms' tumor is used when there are distinct 
nodules of Wilms' rumor. The lesion at the end of the 

spectrum, cystic Wilms' tumor, is a Wilms' tumor with cysts lined by 
epithelial cells. Some Wilms' tumors can contain areas of cystic hemor
rhage or necrosis, bur these regions are not lined by epithelium and should 
not be referred to as a cystic Wilms' tumor. 

Sonography, magnetic resonance imaging, or CT can differentiate 
multicystic kidney and multilocular cyst. None of these studies, however, 
can distinguish multilocular cyst, multilocular cyst with foci of adenocarci
noma or Wilms' rumor, clear cell sarcoma, congenital mesoblastic 
nephroma, or cystic Wilms' tumor. Spiral CT has improved the quality of 
images but has done little to differentiate these entities radiographically 
[96]. Sonographically, the loculi are sonolucent, the septa highly 
echogenic, and a distinct capsule is visualized. On CT, the normal renal 
parenchyma is more dense than the septa of the loculi. The loculi can 
contain debris and almost appear solid on CT. Angiography is rarely 
helpful in the diagnosis but can localize arterial supply for preoperative 
embolization [96]. The treatment of a multilocular cyst is nephrectomy. If 
a cystic Wilms' rumor is found, then the patient should be treated in 
accordance with the National Wilms' Tumor study recommendations. 
These patients with cystic Wilms' tumor usually present before the age of 
1 year, and the tumor usually is not as aggressive as the classic Wilms' 
tumor [97]. The nonaggressive nature of the tumor questions whether 
therapy beyond a nephrectomy is really necessary. Nephrectomy is, as a 
rule, curative, but cystic Wilms' tumor have recurred locally and metasta
sized [98]. If a patient has a favorable histology and adequate renal 
parenchyma, a partial nephrectomy can be performed. These patients need 
close CT follow-up [99]. (From Glassberg [100]; with permission.) 
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SIMPLE RENAL CYST 

t FIGURE 14-23. 
CT of a simple cyst adjacent to the renal pelvis (ie, a parapelvic cyst). 
A, CT without contrast reveals fluid with 3 Hounsfield units (H). 
B, Following contrast, there is no enhancement, which is a characteristic of 
simple cysts. 

Simple renal cyst. The simple renal cyst constitutes the majority of renal 
masses discovered by radiologic methods. A simple renal cyst is lined by a 
single layer of flat or cuboidal epithelium, with the cyst wall containing no 
renal elements. Renal sonography performed on 686 healthy volunteers 
revealed that prevalence of simple renal cysts was 5.2%, ranging from Oo/o 
at age 30 to 9.7% at age 70 [101] Despite these data, simple renal cysts are 
known to occur on rare occasions in children. Their data suggest that an 
average renal cyst needs about 10 years to reach 2 em in size [101]. Simple 
renal cysts vary greatly in size, ranging from several millimeters to greater 
than 10 em. The majority are usually less than 2 em in diameter [102]. 
Most studies have shown no gender predilection. Kissane and Smith [ 17] 
found that more than half of the adults over 50 years old had simple renal 
cysts at autopsy. The most common presentation of a simple cyst is as an 
"incidentaloma" discovered on CT scan, urography, or sonography for 
other abdominal complaints. They can present as an abdominal mass, or 
with abdominal pain, but this is uncommon. Patients have presented with 
hematuria when a cyst ruptures into the caliceal system, but this is rare 
[103]. Intraparenchymal renal cysts are able to increase internal hydrostatic 
pressure, causing segmental ischemia and subsequent hypertension [101]. 

t FIGURE 14-22. 
Large lower pole simple cyst and smaller more central cyst in a 9-year-old 
boy. Note the white area behind the large cyst representing acoustic 
enhancement, a characteristic finding of simple cysts. 

Magnetic resonance imaging (MRI) of simple renal cyst. The classic 
benign cyst sonographically has a sharply marginated smooth wall, allows 
thoroush transmission of sound waves with subsequent acoustic enhance
ment behind the lesion, produces no internal echoes, and is spherical or 
ovoid in shape [104]. The CT scan definition of a simple cyst is a well
marginated, nonenhancing, homogeneously low attentuation lesion (0 to 
20 H) with thin, smooth walls [105]. These CT criteria are sufficient to 
exclude malignancy and do not require further evaluation [ 1 06]. The 
simple cyst has no vascular supply and does not communicate with the 
nephron; therefore, it does not enhance. A lesion is considered to enhance 
if "any portion of the mass demonstrates a rise in CT attenuation or at least 
10 to 20 H following the intravenous injection of contrast media''[107]. 
The fluid in a benign cyst may, however, have a delayed enhancement 
several days after contrast injection [108]. Cyst puncture with contrast 
injection or aspiration, which was popular in the 1970s, is rarely performed 
today. MRI has a limited role in the classification of a simple cyst. The 
most common indication for a MRI of the kidney remains the detection of 
inferior vena cava extension in renal cell carcinoma [1 09]. Although T 1-

weighted images are useful in identifying intracystic fluid, T 2 images are 
useful for identifying bloody intracystic fluid, ie, as an extremely bright 
image. MRI would also have a diagnostic role in the patient with renal 
insufficiency or dye allergy. 
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Bosniak Classification of Cystic Renal Lesions Based 
on CT Features 

cysts. They are cysts that contain small amounts 

of border-forming calcification, thin septa, and 
no soft tissue mass or nodularity. Bosniak also 

includes the "hyperdense cyst" in category II. A 

hyperdense cyst is a well-defined lesion with 

smooth walls that on nonenhanced CT is homo
geneously hyperdense (40 to 90 H). The lesion 
does not enhance with the administration of 
contrast. Category II lesions are almost certainly 
benign, but the risk of malignancy is higher than 
for category I. Category III lesions are indetermi
nant and present us with our toughest diagnostic 
dilemma. An example of category III lesion is a 
cyst with numerous thin septa or a thick calcified 
wall. These lesions include hemorrhagic cysts, 
multiloculated cysts, complex septated cysts, 

cystic renal cell carcinoma, and multilocular 
cystic nephroma. Category III lesions almost 
uniformly require exploration. Weyman et aL 
[112] found 50% of these lesions to be malignant 
on removal. Category IV lesions are cystic lesions 
with definite solid features, such as irregularly 
thickened margins, thickened septa, large or 
non-border-forming calcifications, or unequiv
ocal enhancement. Curry et al. [113] found that 
lesions meeting three or more of these criteria had 

a 96% chance of malignancy. These lesions are to 

be considered cancer until proven otherwise. 
Radical nephrectomy and possibly (in selected 
cases) partial nephrectomy are indicated. 

Category CT Features Treatment 

I. Simple or benign cysts 

II. Complicated cyst 

Anechoic lesion with sharply 
marginated smooth wall 

Nonenhancing 
Thin border-forming calcifica

tion with no nodularity or 
soft tissue mass 

Thin septa in cyst 

Monitor 

Monitor 

Ill. lndetenninant cyst Contain some features of 
malignancy 

Individualized approach 

Thick calcified wall 
Many septations 
Thickened cyst wall 

IV. Malignant cystic lesions Definite solid features 
Irregular or thick margins 
Large or non-border-forming 

Radical nephrectomy; partial 
nephrectomy in selected 
cases. 

t FIGURE 14-24. 

calcifications 
Unequivocal enhancement 

Bosniak classification of cystic renal lesions based on CT features. The Bosniak classification classifies 
cystic lesions based on certain imaging features [110]. Bosniak defines four categories of renal cysts: I, 
benign simple cyst; II, complicated cyst; III, indeterminant cyst; and IV, malignant lesion. A category I 

lesion is a simple cyst and meets all the criteria for a simple cyst. The work-up can end with a renal 
sonogram if the lesion is sharply marginated, anechoic, and smooth walled. No CT confirmation is 
needed [111]. If the lesion is septated, is nodular, contains calcifications, or is poorly visualized on 
ultrasound, then a CT is warranted. Category I lesions are benign. Category II lesions are complex 
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Autosomal recessive polycystic kidney disease, 158-160 

clinical features of, 158 
differential diagnosis of, 160 
histology of, 159 
imaging of, 159 

B acteria, characterization of, 98 
Bacterial infection, epididymitis in, 3 
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Bladder exstrophy, 71-77 
anatomy of, 72-73 
defined, 71 
epispadias and, 71-77 
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Cystic disease complex, medullary, 160-161 
Cystic kidney diseases, 15 5-171 

acquired, 166 
autosomal dominant, malformations associated with, 163-164 

polycystic, 156-158 
autosomal recessive polycystic, 15 8-160 
classification of, 156, 171 
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medullary cystic disease complex as, 160-161 
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multicystic dysplastic, 167-169 
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Cystometography, in neurogenic vesical dysfunction, 123 
Cystoplasty, in neurogenic vesical dysfunction, 125-129 

urine specimens after, 128 
Cystoscopy, in vesicoureteral reflux, 23, 34 
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Cysts, renal, 15 5-171 See also Cystic kidney diseases 
vaginal inclusion, 8 

Denys-Drash syndrome, diffuse mesangial sclerosis in, 162 
Wilms' tumor and, 146 

Died's crisis, in ureteropelvic junction obstruction, 52 
Diffuse mesangial sclerosis, 162 
Dimercaptosuccinic acid scanning, in infectious 

pyelonephritis, 100-101, 109 
in ureteropelvic junction obstruction, 49-51 
in vesicoureteral reflux, 28, 40 

Dismembered pyeloplasty, in ureteropelvic junction 
obstruction, 48, 52, 54 

Distended bladder, pain from, 2 

Down syndrome, renal cysts in, 164 
Drooping lily sign, in vesicoureteral reflux, 40 
Duplex kidneys, vesicoureteral reflux in, 40 
Duplex ureters, 37-42 

embryology of, 38 
incidence of, 37 
ureteroceles and, 42-43 
ureteropelvic junction obstruction in, 39 
vesicoureteral reflux in, 39 

Duplications, ureteral, 37-42 
Dysplasia, upper ureteral pole, 41 
Dysplastic kidney, multicystic, 167-169 

I ctopic ureters, clinical and pyelographic features of, 41 
locations of, 40 

Edema, scrotal, acute idiopathic, 4 
Edwards' syndrome, renal cysts in, 164 
Endoscopy, in ureteroceles, treatment of, 46 

in vesicoureteral reflux, 23 
treatment of, 24, 34-35 

EndoStitch device, 143 
End-stage renal disease, cystic, 157-158, 160-162, 164, 166 
Enterocystoplasty, in neurogenic vesical dysfunction, 126-129 
Enuresis See also Urinary incontinence 

in urinary tract infection, 101 
Epidermal growth factor, in cystic kidney diseases, 156 
Epididymo-orchitis, causes of, 3 
Epididymovasal abnormalities, in undescended testes, 82-83 
Epipidymitis, causes of, 3 
Epispadias, bladder exstrophy and, 71-77 

treatment of, 72 
Equipment, in office urology, 1 
Escherichia coli, in urinary tract infections, 98, 102 
Eversion, ureterocele, 44 
Exstrophy, bladder, 71-77 See also Bladder exstrophy 

Facilities, in office urology, 1 
Fairley bladder washout test, 100 
Fecal bacterial colonization, urinary tract infection and, 105 
Fertility, undescended testes and, 85, 90 
Fetal ultrasonography, 11-18 See also Prenatal ultrasonography 
Fetal urinary biochemical values, favorable, 20 
Finnish-type congenital nephrosis, 162 
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Fistulae, after hypospadias surgery, 58 
Flap repair, in hypospadias, 65-67 
Fluoroscopic imaging, in urinary tract infections, 110 
Follicle-stimulating hormone, in undescended testes, 89 
Foreskin, lack of understanding of, 9 

natural history of, 9 

G astrocystoplasty, laparoscopic, 140-141 
in neurogenic vesical dysfunction, 127, 140-141 

Gastrointestinal segments, in neurogenic vesical dysfunction 
repair, 126 



Gender, ambiguous genitalia and, 113 
urinary tract infection and, 105 

Genetics, of ambiguous genitalia, 114-115 
of cystic kidney diseases, 15 5-156 

Genitalia, ambiguous, 113-120 
Genitourinary tract, uncommon prenatal anomalies of, 18 
Glans approximation procedure, for hypospadias, 58, 62 
Glansplasty, for hypospadias, 58, 61-62 
Glomerulocystic kidney disease, sporadic, 166 
Gonadectomy, in ambiguous genitalia, 117 
Gonadotropin-releasing hormone, in undescended 

testes, 80, 84, 91 
Grafting techniques, in hypospadias, 69 
Gynecology, urology and pediatric, 8 

I l eineke-Mikulicz closure, in hypospadias repair, 61 
Hematuria, evaluation of, 7 

in Wilms' tumor, 150 
Hemihypertrophy, Wilms' tumor and, 146-147 
Hemodialysis, acquired cystic kidney disease and, 166 
Henoch-Schonlein purpura, 4 
Heredity diseases, cystic renal, 15 5-164 
Herniation, bladder, 73 See also Bladder exstrophy 
History, in abdominal mass evaluation, 5 

in ambiguous genitalia evaluation, 113-114 
in hematuria evaluation, 7 

Hormones, in ambiguous genitalia, 114 
in testicular descent, 81 
disordered, 84, 89 
treatment of, 80 

Host factors, in urinary tract infections, 99, 105-106 
Human chorionic gonadotropin, in undescended 

testes, 80, 89, 91 
Hydrocolpos, 8 
Hydronephrosis, differential diagnosis of, 15, 168 

grades of, 14 
incidence of, 47 
management of, immediately postnatal, 20-21 
prenatal, 19-20, 47 
normal findings versus, 11 
pain in, 2 
prenatal assessment of, 11-17 
multicystic dysplastic kidneys in, 16, 158 
posterior urethral valves in, 17-18 
ureterocele in, 16 
ureteropelvic junction obstruction in, 47-48, 50 
vesicourethral reflux in, 16-17 

Hypospadias, 57-69 
ambiguous genitalia and, 116 
anomalies associated with, 59 
classification of, 58 
defined, 57 
incidence of, 59 
neurovascular anatomy in, 60-61 

treatment of, 57, 61-68 
repeat, 69 

Hypospadiology, defined, 57 

Iatrogenic urinary tract infections, 102 
Ileocystoplasty, in neurogenic vesical dysfunction, 126 
Immunity, urinary tract infection and, 1 OS 
Incontinence, 6,41,101 
Infarction, testicular appendage, 3 
Inguinal hernias, hypospadias and, 59 
Instruments, laparoscopic, 136, 142-143 
Interlabial masses, 8 
International Reflux Study, results of, 24 

I eune's asphyxiating dystrophy, renal cysts in, 164 
Juvenile nephronophthsis, 160-161 

1"-idney disease, cystic, 155-171 See also Cystic kidney 
diseases; specific disease 

end-stage, 157-158, 160-162, 164 
Kidney failure, in cystic disease, 15 7-15 8, 160-162, 164 
Kidney stones, pain from, 2 

in ureteropelvic junction obstruction, 52 
Kidneys, cystic, 1 5 5-171 See also Cystic kidney diseases; 

specific diseases 
differential diagnosis of enlarged, 160 
duplex, 40 
multicystic dysplastic, 167-169 
prenatal ultrasonography of, 12-13 
tumors of, 145-152 See also Renal tumors; specific tumors 
ureteroceles,and, 43, 45 
in ureteropelvic junction obstruction, 49-51 
urinary tract infection and, 100-104, 109 
in vesicoureteral reflux, 25-28, 39-40 

labioplasty, for pseudohermaphroditism, 114, 118 
Laparoscopy, 13 5-143 

gastrocystoplasty with, 140-141 
instruments in, 136, 142-143 
nephrectomy with, 138-139 
orchidopexy with, 137-138 
pneumoperitoneum with, 136 
principles of, 135 
testicular evaluation with, 136-137 
trigonoplasty with, 140 
in undescended testes, 80, 93-94 
ureteral reimplantation with, 139 
urinary reconstruction with, 142 

Lich-Gregoir extravesical technique, for vesicoureteral 
reflux, 24, 32-34 

Luteinizing hormone, in undescended testes, 89 

Magnetic resonance imaging, of renal cysts, 170 
Malformation syndromes, renal cysts in, 163-164 
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Malignant renal cystic lesions, 168, 171 
Malignant rhabdoid tumor, renal, 151 
Malone antegrade continence enema procedure, 142 
Managed care, in office urology, 1 
Masses, abdominal, evaluation of, 5 

renal tumors as, 147-148, 151-152 
interlabial, 8 

Maternal ultrasonography, 11-17 See also Prenatal 
ultrasonography 

Mathieu procedure, for hypospadias, 58, 63 
Meatal advancement glansplasty, for hypospadias, 58, 61-62 
Meatal stenosis, after hypospadias surgery, 58 
Meatus, urethral, in hypospadias, 57-59 
Meckel's syndrome, renal cysts in, 164 
Medullary cystic disease complex, 160-161 
Medullary sponge kidney, 165 
Mesangial sclerosis, diffuse, 162 
Mesoblastic nephroma, 151 
Mixed gonadal dysgenesis, 116 
Multicystic dysplastic kidneys, 167-169 

differential diagnosis of, 168 
hydronephrosis from, 15-16 
laparoscopic excision of, 139 
prenatal ultrasonography of, 15-16, 168 

Multilocular cystic nephroma, 168-169 
Multiple parallel suture plication, in hypospadias, 68 
Myelomeningocele, neurogenic vesical dysfunction and, 121-122 

ational Wilms' Tumor Study, data from, 149-150 
Nausea, abdominal pain and, 2 

in ureteropelvic junction obstruction, 52 
Nephrectomy, laparoscopic, 138-139 

for ureterocele, 45 
Nephroblastoma, cystic partially differentiated, 152 
Nephroma, cystic, 152 

mesoblastic, 151 
multilocular cystic, 168-169 

Nephronophthsis, juvenile, 160-161 
Nephropathy See also specific conditions 

pyelonephritogenic, 104 
vesicoureteral reflux and, 28 

Nephrosis, congenital, 162 
Nephrostomy tube, after pyeloplasty, 52 
Neurogenic bladder See also Neurogenic vesical dysfunction 

urinary tract infection and, 105 
Neurogenic vesical dysfunction, 121-131 

etiology of, 121-122 
progress in, 121 
spectrum of, 123 
treatment of, goals in, 121 

medical, 124 
surgical, 125-131, 140-141 

urodynamic evaluation in, 123-124 

bstructing-ballooning theory, in cystic kidney diseases, 15 5 
Obstruction, ureteropelvic junction, 47-54 See also 

Ureteropelvic junction obstruction 
Office urology, 1-9 

patient factors in, 1 
procedures performed in, 1 
staffing and, 1 

Oligohydramnios, fetal, 12-13, 19 
Onlay island flap repair, in hypospadias, 65-66 
Orchidopexy, cancer risk and, 80, 91 

fertility and, 85, 90 
laparoscopic, 137-138 
open technique of, 93 
principles and timing of, 80-81, 92 

Orofaciodigital syndrome I, renal cysts in, 164 
Oxybutinin, in neurogenic vesical dysfunction, 124 

I ) ain, abdominal, causes of, 2 
in ureteropelvic junction obstruction, 52-53 

scrotal, causes of, 2 
testicular, causes of, 2 

Parapelvic renal cyst, 170 
Paraphimosis, causes of, 9 

reduction of, 9 
Partial nephrectomy, for ureterocele, 45 
Patau's syndrome, renal cysts in, 164 
Patient factors, in office urology, 1 
Pedicle grafting, in hypospadias, 69 
Penile lesions See also specific lesions 

overview of, 9 
Penis, in bladder exstrophy, 71-77 

epispadias of, 71-77 
hypospadias of, 57-69 See also Hypospadias 
neuroanatomy of, 60-61 
normal anatomy and embryology of, 59-60 

Percutaneous endoscopic trigonoplasty, 140 
Perlman syndrome, Wilms' tumor and, 146 
Personnel, in office urology, 1 
Physical examination, in abdominal mass evaluation, 5 

in ambiguous genitalia evaluation, 113-114 
in hematuria evaluation, 7 

Plication techniques, in hypospadias, 68 
Pneumoperitoneum, laparoscopic, 136 
Politano-Leadbetter ureteroneocystotomy, for vesicoureteral 

reflux, 24, 29-30 
Polycystic kidney disease, autosomal dominant, 156-158 

autosomal recessive, 158-160 
Polytef injection, for vesicoureteral reflux, 24, 35 
Posterior urethral valves, prenatal hydronephrosis from, 15, 17-18 
Potter classification, in multicystic dysplastic kidney, 167 
Pregnancy termination, in fetal hydronephrosis, 19 
Prenatal ultrasonography, hydronephrosis assessed by, 11-17, 4 7, 168 

in hypospadias, 59 
indications for, 13 
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normal findings in, 12-13 
uncommon anomalies detected by, 18 
in ureterocele, 43 
in ureteropelvic junction obstruction, 47-48, 50 
in vesicoureteral reflux, 26 

Prenatal urology, 11-21 
hydronephrosis in, 11-17, 168 
management of, 19-21 

Preputial skin, urinary tract infection and, 105 
Pressure perfusion study, in ureteropelvic junction 

obstruction, 49 
Prolapsed ureteroceles, 44 
Proliferative theory, in cystic kidney diseases, 155 
Prophylactic antibiotics, in urinary tract infections, 107-109 

in vesicoureteral reflux, 24, 28 
Prostheses, testicular, 80-81, 94 
Proteinuria, in pyelonephritogenic nephropathy, 104 
Pseudohermaphroditism, 113-114 See also Ambiguous genitalia 
Puncture technique, ureterocele, 46 
Purpura, Henoch-Schonlein, 4 
Pyelography, in ectopic ureters, 41 
Pyelonephritis, infectious, 100-104 

vesicoureteral reflux and, 28 
Pyeloplasty, in ureteropelvic junction obstruction, 48, 52, 54 
Pyramid procedure, for hypospadias, 58, 63 

( } uinolones, in urinary tract infections, 107 

adiology, in urinary tract infections, 109 
Radionuclide cystography, in urinary tract infections, 110 

in vesicoureteral reflux, 23, 27 
Radionuclide renography, in hydronephrosis detected 

prenatally, 20-21 
Reconstructive surgery, for ambiguous genitalia, 117-120 
Reflux, vesicoureteral See Vesicoureteral reflux 
Renal biopsy, in urinary tract infection, 1 04 
Renal cell carcinoma, 14 7, 151 

in von Hippel-Lindau syndrome, 164 
Renal failure, in cystic kidney diseases, 157-158, 160-162, 164 
Renal pelvis, in hydronephrosis, 13-15 
Renal scarring, urinary tract infection and, 103-104, 109 
Renal tumors, 145-152 

cystic, 152, 168-69 
differential diagnosis of, 146 
histopathology of, 148-150 
non-Wilms', 151-152 
overview of, 145 
presentation and evaluation of, 147-148 

Wilms', 146-150, 168 
Renal ultrasonography See Ultrasonography 
Renography, in hydronephrosis detected prenatally, 20-21 
Retrograde uropyelography, in ureteropelvic junction 

obstruction, 53 
Rhabdoid tumor, renal, 151 

"-,arcoma, clear cell, 151 
Sarcoma botryoides urethral prolapse, 8 
Scheduling, in office urology, 1 
Scintigraphy, in ureteropelvic junction obstruction, 49-51 

in vesicoureteral reflux, 28 
in duplex kidneys, 40 

Sclerosis, diffuse mesangial, 162 
tuberous, 163 

Scrotal edema, acute idiopathic, 4 
Scrotal pain, causes of, 2 
Semen analysis, undescended testes and, 90 
Seminoma, undescended testes and, 91 
Simple renal cysts, 170-171 
Sodium potassium adenosine triphosphate, in cystic kidney 

diseases, 15 5-156 
Spermatic cord, torsion of, mechanisms of, 2 

pain from, 2 
scrotal edema versus, 4 

Spinal dysraphism, neurogenic vesical dysfunction and, 121-122 
Sporadic glomerulocystic kidney disease, 166 
Stenosis, meatal, after hypospadias surgery, 58 
Stomach, in neurogenic vesical dysfunction repair, 126-127 
Surgery, for ambiguous genitalia, 117-120 

for bladder exstrophy, 71-77 
for epispadias, 72 
for hydronephrosis, prenatally diagnosed, 20 

in ureteropelvic junction obstruction, 47 
for hypospadias, 57, 61-69 
for undescended testes, 92-94 
for ureteroceles, 45 
for ureteropelvic junction obstruction, 48, 52, 54 
for vesicoureteral reflux, 24, 29-35 

Suturing devices, laparoscopic, 143 

T amm-Horsfall protein, in pyelonephritogenic nephropathy, 104 
Technetium-labeled scanning, in infectious pyelonephritis, 

100-101 
in multicystic dysplastic kidney, 168 
in ureteropelvic junction obstruction, 49-51 
in vesicoureteral reflux, 28 

in duplex kidneys, 40 
Testes, normal and abnormal development of, 90 

undescended See Undescended testes 
Testicular cancer, undescended tests and, 80, 91 
Testicular descent, mechanisms of, 79-84 

controversies regarding, 79-81 
Testicular hypertrophy, undescended testes and, 88 
Testicular pain, causes of, 2 
Testicular prostheses, 80-81, 94 
Testicular torsion, appendage, 3 

mechanisms of, 2-3 
pain from, 2 

Torsion, spermatic cord, scrotal edema versus, 4 
testicular, appendage, 3 
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Torsion, continued, 
mechanisms of, 2-3 
pain from, 2 

Transurethral subureteric injection, for vesicoureteral reflux, 
24,34-35 

Transverse preputial island flap repair, in hypospadias, 67 
Transverse ureteral advancement, for vesicoureteral reflux, 21, 

31-32 
Trigonoplasty, laparoscopic, 140 
Trisomies, renal cysts in, 164 
Tuberous sclerosis, renal cysts in, 163 
Tubularized incised plate urethroplasty, for hypospadias, 58, 64 
Tumors, renal, 145-152 See also Renal tumors; specific tumors 
Tunica albuginea plication, in hypospadias, 68 

l : ltrasonography, in abdominal mass evaluation, 5 
in cystic kidney diseases, 159, 166, 169-170 
in hypospadias, 59 
prenatal, 11-88 See also Prenatal ultrasonography 
in undescended testes, 86-87 
in ureteropelvic junction obstruction, 49-51 

Undescended testes, 79-94 
ambiguous genitalia and, 116 
anorchia versus, 80 
bilateral, 80 
classification of, 85 
controversies regarding, 79-81 
diagnosis of, 79-80, 89-94 

hormonal factors in, 89-91 
laparoscopic, 93-94, 136-137 
physical examination in, 80 
surgical and ultrasonic, 86-89, 92 

epididymovasal abnormalities in, 82-83 
fertility and, 85, 90 
hormones in, 80-81, 84, 89, 91 
hypospadias and, 59 
mechanisms of, 79-84 
prostheses in, 80-81, 94 
testicular hypertrophy and, 88 
treatment of, principles of, 79-81 
surgical, 92-94 

Upper pole dysplasia, ureteral, 41 
Ureteral augmentation, in neurogenic vesical dysfunction, 130-131 
Ureteral pole, dysplasia of, 41 
Ureteral reimplantation, in ureteroceles, 44 

in vesicoureteral reflux, 24, 29-35 
in duplex kidneys, 40 
laparoscopic technique for, 139 

Ureteral stent, after pyeloplasty, 52 
Ureteric bud, ultrasonography of, 12 
Ureteroceles, 37-46 

causes of, 37 
classification of, 42 
clinical features of, 8 

defined, 3 7, 42 
duplex ureters and, 42-43 
eversion of, 44 
incidence of, 37 
prenatal ultrasonography of, 16, 43 
prolapsed, 44 
treatment of, endoscopic, 46 
principles of, 44 
surgical, 45 
vesiureteral reflux and, 44 

Ureteroneocystostomy, in vesicoureteral reflux, 24, 29-30 
in duplex kidneys, 40 

Ureteropelvic junction obstruction, 47-54 
clinical features of, 49 
in duplex ureters, 39 
epidemiology of, 48 
etiology of, 48 
evaluation of, 49-53 

goals of, 47 
hydronephrosis from, 15, 20, 47 
treatment of, 47-48, 54 

options in, 47 
vesicoureteral reflux in, 49 

Ureterovesical junction obstruction, hydronephrosis from, 15, 20 
Ureters See also specific conditions 

duplications of, 37-42 
embryology of, 38 
incidence of, 37 

ectopic, 40-41 
embryology of, 38 
normal versus abnormal, 25 
urinary tract infection and, 102 

Urethra, in hypospadias, 57 
Urethral meatus, in hypospadias, 57-59 
Urethral plate, in hypospadias repair, 64-65 
Urethral resistance, in neurogenic vesical dysfunction, 125 
Urethroplasty, for hypospadias, 58, 64 
Urinalysis, in hematuria evaluation, 7 

specimen procurement in, 106 
in urinary tract infections, 106-107 

Urinary continence, bladder exstrophy and, 72 
Urinary incontinence, differential diagnosis of, 6 

ectopic ureters and, 41 
in urinary tract infection, 10 1 

Urinary tract, development of, ultrasonographic signs of, 12 
favorable fetal biochemical values of, 20 
obstruction in hydronephrosis of, 11 
reconstruction of, laparoscopic, 142 
uncommon prenatal anomalies of, 18 
urodynamics of, in urinary tract infections, 102-106 

Urinary tract infections, 97-110 
classification of, 98-99 
diagnosis of, 100-101 

imaging in, 1 09-110 
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urinalysis in, 106-107 
urinary tract urodynamics and, 1 01-106 
urine culture in, 107 

ectopic ureters and, 41 
epididymitis in, 3 
factors affecting, 99, 105-106 
incidence and epidemiology of, 98 
prophylaxis of, 107-109 
symptoms of, 100 
in ureteropelvic junction obstruction, 48, 52 
vesicoureteral reflux and, 23 

in duplex kidneys, 40 
Urine culture, in hematuria evaluation, 7 

in urinary tract infections, 107 
Urine production, fetal, 12 
Urine specimens, in neurogenic vesical dysfunction, 128 
Urinoma, as surgical complication, 129 
Urodynamic evaluation, in ureteropelvic junction obstruction, 49 

in urinary tract infections, 10 1-1 06 
Utricle, hypospadias and, 59 

V agina, in bladder exstrophy repair, 77 
Vaginal inclusion cyst, 8 
Vaginoplasty, for pseudohermaphroditism, 114, 118-120 
Valve mechanisms, ureteral, 25 
Vas deferens, in undescended testes, 82, 86 
Vascularity, penile, hypospadias and, 60 
Vesicostomy, in neurogenic vesical dysfunction, 125 
Vesicoureteral reflux, 23-35 

classification of, 23-24, 26-27 
defined,23 
diagnosis of, 23, 25-26 

prenatal, 16-17, 26 
in duplex kidneys, 40 
in duplex ureters, 39 
pain in, 2 
pathophysiology of, 25 
postnatal evaluation of, 20 
spontaneous resolution of, 24 
treatment of, indications for, 29 

options in, 24, 28 
surgical, 29-35 

ureteroceles and, 44 
in ureteropelvic junction obstruction, 49 
urinary tract infection and, 100, 103, 105, 110 

Vesicourethral reflux, laparoscopic treatment of, 139 
Viral infection, epididymitis in, 3 
Voiding cystourethrography, in hydronephrosis detected 

prenatally, 20 
in ureteroceles, 44 
in urinary tract infections, 110 
in vesicoureteral reflux, 23, 25-27 

in duplex kidneys, 40 
in duplex ureters, 39 

Voiding dysfunction, differential diagnosis of, 6 
urinary tract infection and, 10 1 
in vesicoureteral reflux, 26 

Vomiting, abdominal pain and, 2 
in ureteropelvic junction obstruction, 52 
von Hip pel-Lindau syndrome, renal cysts in, 163-164 

WAGR syndrome, Wilms' tumor and, 146 
Wedge gastrocystoplasty, in neurogenic vesical dysfunction, 127 
Weigert-Meyer law, 38 
Whitaker study, in ureteropelvic junction obstruction, 49 
Wilms' tumor, bilateral, 1 SO 

cystic, 168 
histopathology of, 148-1 SO 
presentation and evaluation of, 147-148 
staging of, 148 
survival in, 145-146, 149 
syndromes related to, 146 
treatment of, 1 SO 

X-linked dominant malformation syndrome, renal cysts 
associated with, 164 

Yo-yo reflux, defined, 39 

Zellweger's cerebrohepatorenal syndrome, renal cysts in, 164 
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COLOR PLATES 

• FIGURE 6-4. • FIGURE 6-6 . 

• FIGURE 9-14A. • FIGURE 9-14B . 

• FIGURE 9-ISB. 

Color Plates 

181 



t FIGURE 13-BB. t FIGURE 13-9. 

IV. Pediatric Urology 

182 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




